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Abstract

Using first-principle calculations based on density functional theory (DFT), we have studied the
structural and electronic properties of perovskite-type CH3;NH3:Pbls. The structural properties cal-
culated by DFT with the optB86b + vdWDF exchange-correlation functional are in good agreement
with experimental results. The band structures analysis shows that perovskite-type CH;NH3Pbl; is
a direct band gap material. In addition, the calculated band gap, ~1.68 eV, is close to experimental
results. The analysis of partial density of states shows that the top of valence band is mainly com-
posed of I 5p states. And, the main components of the conduction bands bottom are Pb 6p states. In
contrast, the organic CH3:NH; makes little contribution to the top valence and bottom conduction
bands. Thus, consideration of the vdW interactions is important for theoretical studies of perovs-
Kite-type CH:NH3PbI; material.
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Figure 1. Crystal structure of perovskite-type CH3NH;Pbl;
1. $B4KH CH3NH.Pbl; BILEHE
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Table 1. Calculated lattice constant of perovskite-type CH3NH;Pbls, as well as experimental value and other calculated re-

sults.
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Figure 2. Total density of states of perovskite-type CHsNH3Pbl; and partial density of states of CH3NH3.
Pb and I. The energy zero represents the fermi level
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Figure 3. Band structure of the orthorhombic phase of the CH3;NH3Pbl;. The path through the high
symmetry points of orthorhombic lattice: T = (0,0,0), Z = (0,0,1/2), T = (0,1/2,1/2), Y = (0,1/2,0), S =
(1/2,1/2,0), X = (1/2,0,0), U = (1/2,0,1/2), R = (1/2,1/2,1/2)

[E 3. $5%KH CH;NHzPbl; FUEETRLEN. BEFFEIMNHERNXSHRMERA: T = (0,00), Z =
(0,0,1/2), T =(0,1/2,1/2), Y = (0,1/2,0), S = (1/2,1/2,0), X = (1/2,0,0), U = (1/2,0,1/2), R = (1/2,1/2,1/2)
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