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Figure S1. The crystal structure of TMAPbI3 (a) asymmetric unit and (b) packing 

structure along with c-axis.

(a) (b)
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Figure S2. FESEM images, EDS mapping and EDS spectra of TMAPbI3.
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Figure S3. FESEM images, EDS mapping and EDS spectra of TMA1-xPb1-xCoxI3-x (x 

= 0.03).
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Figure S4. FESEM images, EDS mapping and EDS spectra of TMA1-xPb1-xCoxI3-x (x 

= 0.07).
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Figure S5. FESEM images, EDS mapping and EDS spectra of TMA1-xPb1-xCoxI3-x (x 

= 0.10).
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Figure S6. Pawley refinement of TMA1-xPb1-xCoxI3-x (a) x = 0.03 and (b) x = 0.07.

Figure S7. TG and error bar of decomposition temperature for all samples from three 
repeated measurements.

Figure S8. FT-IR spectra of TMA1-xPb1-xCoxI3-x (x = 00.10).

(b)(a)
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Figure S9. Raman spectra of TMA1-xPb1-xCoxI3-x (x = 00.10).

Figure S10. XPS spectra of TMA1-xPb1-xCoxI3-x (x = 0  0.10), (a) C 1s, (b) N1s and 

(c) Co 2p.
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Figure S14. The molar magnetic susceptibility of TMAPbI3 

Figure S15. Plots of molar paramagnetic susceptibility eff versus temperature for 

TMA1-xPb1-xCoxI3-x with x = 0.030.10 range in 2400 K.
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Figure S17. (a) Vogel–Fulcher (VF), (b) plot of φ vs. log and (c) Plot of ln(Tf) vs. 

log fit for TMA1-xPb1-xCoxI3-x (x = 0.10).
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0.03, (b) x = 0.07, (c) x = 0.10 at 2 K and 5 K.
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Table S1. Molar ratio of Co to Pb in TMA1-xPb1-xCoxI3-x (x = 00.10) in form of x:(1-

x)

TMA1-xPb1-xCoxI1-x(x = 0-0.10)

Sample 0 0.03 0.07 0.10

Pb / 0.99 0.95 0.90Feed 

ratio Co / 0.01 0.05 0.10

Pb / 0.97 0.93 0.90ICP 

result

s
Co / 0.03 0.07 0.10

Table S2. Detailed vibrational assignments in IR spectrum for TMA1-xPb1-xCoxI3-x (x = 

00.10)1-3

  Observed frequencies (cm-1) Approx. mode descriptions

3024 (s) CH asymmetric stretching

2975 (bm) CH symmetric stretching

1475 (vs) CH asymmetric deformation vibration

1435 (vs) CH symmetric deformation vibration

1407 (m) CH symmetric deformation vibration

1283 (w) C-N stretching

945 (vs) CH3 rocking

Intensities: s – strong; bm – broad weak; vs – very strong; m –medium; w – weak; sh – 

shoulder.
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Table S3. Detailed vibrational assignments in Raman spectrum for TMA1-xPb1-xCoxI3-

x (x = 00.10)4,5

Observed wavenumber 

(cm-1)
Approx. mode descriptions

98 (w) A1g stretching vibration of Pb–I

87 (sh) Lattice vibration

60 (m)
Inorganic moiety

39 (s)
IPbI bending vibration

Intensities: vs – very strong; m –medium; s – strong; w – weak; sh – shoulder.

Table S4. The X-ray photoelectron binding energy values of N 1s, Pb 4f 5/2 and Pb 4f 

7/2, Co 2p 1/2 and Co 2p 3/2, I 3d3/2 and I 3d5/2 from TMA1-xPb1-xCoxI3-x (x = 00.10)

Eb / eV
Element

x = 0 x = 0.03 x = 0.07 x = 0.1
Ref. 

N 1s / 401.27 401.82 402.47 401.95 6

4f5/2 142.03 142.63 143.43 142.71 6
Pb 4f

4f7/2 137.13 137.73 138.53 137.81

2p1/2 / 795.26 797.10 795.81 7
Co 2p

2p3/2 / 780.26 782.10 780.81

3d3/2 629.36 629.92 630.74 630.06 8
I 3d

3d5/2 617.86 618.42 619.24 618.56
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Table S5. Parameters obtained by fit of MH plots at different temperatures for TMA1-

xPb1-xCoxI3-x (x = 0.030.10)

x 0.03 0.07 0.1

Temperature / K 2 5 2 5 2 5

Ms / emu g-1 0.057 0.046 0.079 0.073 1.218 0.671

 ×10-6 / B 1.701 4.027 1.807 4.505 0.843 1.462

χ×10-6 / emu g-1 0.945 1.083 0.751 0.808 1.485 9.020
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