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DFT calculations:  The simulated powder XRD spectrum was generated based on relaxed 3x3x3 

structures. These were obtained using CP2K and employing the generalized gradient approximation with 

the PBE functional, Goedecker-Teter-Hutter pseudopotentials, double-zeta plus polarization basis set, and 

a real-space grid cut-off of 600 Ry. The optimized cell parameters (lengths a,b,c, and angles α, β, γ) were 

calculated through cell optimization in CP2K using the initial cell parameters of various 

(MDABCO)NH4I3 structures. The investigated structures include original and vacant structures. The 

vacant structures are 1/8 NH4
+ deficient (charge balanced manually). The deficiency is introduced by 

randomly removing molecules. For instance, 1/8 deficiency is calculated based on the total number of 

atoms in a cell structure, which in case of a 3x3x3 structure with 81 atoms, the 1/8 deficiency means 

randomly removing approximately ten atoms. Subsequent to cell optimization for all five structures, the 

coordinates of the optimized structure were further utilized to calculate the simulated powder XRD 

patterns in VESTA. 

Calculations of the linear and nonlinear electronic susceptibilities were done by DFT calculations 

with electric field perturbations through the Quantum Espresso software package.1 The 

calculations were done using norm-conserving pseudopotentials generated with the Troullier-

Martins method,2 within the local density approximation with Perdew-Wang exchange-

correlation functionals, with an energy cut-off of 60 Ry, and with a 6 × 6 ×6 Monkhorst-Pack k-

point grid. The lattice constants were fixed to the values measured from X-ray diffraction, while 

the atomic positions were relaxed until internal forces were less than 1 × 10-4 Ry Bohr-1. 

Calculation of the nonlinear susceptibilities was done following the 2n+1 theorem,3 and 

derivation of the EO coefficients followed established relations.4 
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Figure S1 A (MDABCO)NH4I3 crystal shows hexagonal shape. 

 

Figure S2 Second harmonic generation (SHG) peak of (MDABCO)NH4I3 crystals. The crystals 

were illuminated with a femtosecond laser at a wavelength of 970 nm, the spectrum is recorded by 

a spectrometer after a 950 nm short pass filter. 
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Figure S3 (a) Density functional theory (DFT) calculation of (a) the band structure and (b) 

density of states (DOS) of (MDABCO)NH4I3 crystal.  
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Figure S4 The imaginary part (κ) of the refractive index of a (MDABCO)NH4I3 crystal 

determined by ellipsometry.  
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Figure S5 Thermogravimetry (TG) and differential scanning calorimetry (DSC) measurements 

of the (MDABCO)NH4I3 metal-free perovskite.  
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