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Relaxed structures of cubic and pseudocubic FAPbI3 and partial density of

states of FAPbI3.
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Figure S1: Partial denisty of states for FAPbI3 showing I-p, Pb-s and Pb-p states in green,
blue and red colours, respectively.
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Band profile of FAPbI3 using PBE+SOC and G0W0@HSE06+SOC and band

inversion using HSE06+SOC εxc functionals.

Figure S2: Band structure of FAPbI3 calculated using (a) PBE+SOC and (b)
G0W0@HSE06+SOC.
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Figure S3: Orbital resolved HSE06+SOC band structure for cubic and pseudocubic FAPbI3
(a), (d) without compression, and (b), (e) at critical compression γ = 0.76, and γ = 0.73,
respectively.
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Structural stability of cubic FAPbI3, pseudocubic FAPbI3 and mixed cation

perovskites viz. Cs0.5MA0.5PbI3, Cs0.75MA0.25PbI3 and Cs0.25MA0.75PbI3.

We have checked the structural stability of cubic and pseudocubic FAPbI3 along with the

strained configurations using ab initio molecular dynamics (AIMD). For this, we have ob-

tained the radial distribution function (g(r)) at T = 0 K and T = 300 K. We have observed

that the nature of radial distribution function remains the same at room temperature for

the nearest neighbors (see Figure S4). Therefore, we validate that the configurations are

structurally stable at 300 K even after undergoing compression. This makes them useful in

realizing the practical applications.
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Figure S4: Radial distribution function using NVT ensemble for different phases of FAPbI3
namely (a) cubic, (b) strained cubic (γ = 0.76), (c) pseudocubic and (d) strained pseudocubic
(γ = 0.73) at T = 0 K and T = 300 K.
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Figure S5: Radial distribution function using NPT ensemble for different phases of FAPbI3
namely (a) cubic, (b) strained cubic (γ = 0.76), (c) pseudocubic and (d) strained pseudocubic
(γ = 0.73) at T = 0 K and T = 300 K.
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Figure S6: Radial distribution function at T = 0 K and T = 300 K for unstrained and strained
(γ = 0.74), (a), (b) Cs0.5MA0.5PbI3, (c), (d) Cs0.75MA0.25PbI3, (e) and (f) Cs0.25MA0.75PbI3,
respectively.
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Tight-Binding Model.

The individual blocks of the matrix are as follows

MPb−Pb
4×4 =



εs + g1 2itPb−Pbspσ Sin(kxa) 2itPb−Pbspσ Sin(kya) 2itPb−Pbspσ Sin(kza)

−2itPb−Pbspσ Sin(kya) εp1 + g2 0 0

−2itPb−Pbspσ Sin(kxa) 0 εp1 + g3 0

−2itPb−Pbspσ Sin(kza) 0 0 εp1 + g4


(1)

MPb−I
4×9 =



tPb−Ispσ Sx 0 0 0 tPb−Ispσ Sy 0 0 0 tPb−Ispσ Sz

tPb−Ippσ Cx 0 0 tPb−Ippπ Cy 0 0 tPb−Ippπ Cz 0 0

0 tPb−Ippπ Cx 0 0 tPb−Ippπ Cy 0 0 tPb−Ippπ Cz 0

0 0 tPb−Ippπ Cx 0 0 tPb−Ippπ Cy 0 0 tPb−Ippσ Cz


(2)

M I−I
9×9 =



εp2 0 0 0 0 0 0 0 0

0 εp2 0 0 0 0 0 0 0

0 0 εp2 0 0 0 0 0 0

0 0 0 εp2 0 0 0 0 0

0 0 0 0 εp2 0 0 0 0

0 0 0 0 0 εp2 0 0 0

0 0 0 0 0 0 εp2 0 0

0 0 0 0 0 0 0 εp2 0

0 0 0 0 0 0 0 0 εp2



. (3)

Here εs ,εp1 , and εp2 are the onsite energies of Pb-s, Pb-p and I-p orbitals, respectively. The

terms Cz and Sz are the representations for 2cos(kza/2) and 2isin(kza/2), and gi (i = 1,2,3,4)

are the k -dependent hopping integrals arising from the Pb-Pb second neighbor interactions

S12



given by

g1 = 2tPb−Pbss [cos(kxa) + cos(kya) + cos(kza)],

g2 = 2tPb−Pbppσ cos(kxa) + 2tPb−Pbppπ [cos(kya) + cos(kza)],

g3 = 2tPb−Pbppσ cos(kya) + 2tPb−Pbppπ [cos(kxa) + cos(kza)],

g4 = 2tPb−Pbppσ cos(kza) + 2tPb−Pbppπ [cos(kxa) + cos(kya)].

(4)

S13



TB bands fitted with DFT bands.

The TB Hamiltonian is diagonalized and the resulted bands are fitted with that of DFT.

The TB bands are plotted in brown while DFT bands are in blue. We find an excellent

agreement between the TB and DFT bands (see FIG. S7).

Figure S7: TB bands (brown) fitted with DFT bands (blue).
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Surface states of FAPbI3 in a different configuration and probability of occu-

rance of different configurations of FAPbI3.

We have studied the effect on strain on two different orientations of FA i.e., n = 2 and n =

4 (see Figure S9 for n = 2, 4). In both the orientations FA is perpendicular to each other

and both show topological phase transition at the critical value of strain (see Figure S8).

For MA a different orientation has already been studied in ref.1

Figure S8: (a) Crystal structure of FAPbI3 showing a different orientation of FA cation and
(b) topological surface states at critical strain value.

However, many different orientations of these organic molecules are indeed possible.

Therefore, in order to ensure the validity of our above analysis, we have estimated the

probability of occurance of different possible pseudocubic congfigurations at T=300 K. Here,

we assume that a total of N different configurations are possible out of which Nn is the num-

ber of a given type (here n = 4) and its probability of occurrence is given as per Fermi-Dirac

statistics as follows [see theoretical derivations in 2,3]:

Nn

N
=

exp(−β∆Gn)

1 +
∑

m exp(−β∆Gm)
(5)

Here, Nn

N
is the probablity of occurance and ∆G is the Gibbs free energy of formation of

the type-n configuration. As the range of Nn

N
× 100 is significantly large, we have taken the

logarithm of the above equation (see Figure S9). The maximum possible value of y-axis is
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∼2, when Nn = N, i.e., type-n is the most dominant configuration. Here, we can see that

the concentration of different configurations are comparable.

Figure S9: Logarithm of probability of occurance of different configurations at T = 300 K.
Orientation of FA is different in all the configurations.
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Continous TPT in cubic CsPbI3.

Figure S10: (a) Crystal structure of cubic CsPbI3. Bulk band structure (b) without com-
pression with Pb-p (magenta) contribution at CBM and Pb-s (green) contribution at VBM,
and (c) with compression γ= 0.76, showing band inversion at R point. Surface band struc-
ture (d) without, and (e) with compression, showing a continuous tranistion from normal to
topological state.
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TPT in cubic and pseudocubic MAPbI3.

Figure S11: (a) Crystal structure of cubic MAPbI3. Bulk band structure (b) without com-
pression with Pb-p (magenta) contribution at CBM and Pb-s (green) contribution at VBM,
and (c) with compression γ= 0.73, showing band inversion at R point. Surface band struc-
ture (d) without, and (e) with compression γ= 0.73, showing a continuous tranistion from
normal to topological state.
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Figure S12: (a) Crystal structure of pseudocubic MAPbI3. Bulk band structure (b) without
compression with Pb-p contribution at CBM and Pb-s contribution at VBM, and (c) with
compression γ= 0.73, showing band inversion at R point. Surface band structure (d) with-
out, and (e) with compression γ= 0.73, showing a discontinuous tranistion from normal to
topological state.
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Crystal structures of Cs0.5MA0.5PbI3, Cs0.75MA0.25PbI3 and Cs0.25MA0.75PbI3.

Figure S13: Crytsal structure of (a) Cs0.75MA0.5PbI3, (b) Cs0.5MA0.5PbI3 and (c)
Cs0.25MA0.75PbI3.
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TB parameters for Cs0.5MA0.5PbI3.

Table S1: Interaction parameters and SOC strength for Cs0.5MA0.5PbI3 from
thirteen band hamiltonian at zero and critical compression strength in units of
eV.

Type EPb−s EPb−p EI−p tPb−Ispσ tPb−Ippσ tPb−Ippπ tPb−Pbssσ tPb−Pbspσ tPb−Pbppσ tPb−Pbppπ λ

γ = 1 -7 2 -1.5 0.8 -1 1 -0.25 0.3 0.7 0.01 0.5

γ = 0.74 -7 2.5 -2 1 -1.2 1.5 -0.27 0.4 1.15 0.02 0.5
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