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Pb,l4n+,%" Ribbons (n= 3, 5) as Dimensional Reduction of 2D Perovskite Layer in Cystamine
Cations Based Hybrids also Incorporating Iodine Molecules or Reversible Guest Water

Molecules
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Supporting information

1- Tables of atomic coordinates, bond lengths, atomic displacement

parameters and hydrogen bonds for 1, 2, 3, 4

A- (NH3(CH2)2SS(CH2)2NH3)4Pbsl 14,12 (1)

Table 1A a. Crystal data and structure refinement for
(NH3(CH;)2SS(CH;),NH3)4Pbsl 14,1,

Empirical formula Clée H56 I16 N8 Pb3 S8

Formula weight 3269.14

Temperature 293(2) K

Wavelength 0.71073 A

Crystal system, space group Monoclinic, P 1 21/n 1

Unit cell dimensions a = 17.607(2) A alpha = 90 deg.

b = 8.8354(10) A beta = 102.810(10) deg.
c = 22.375(3) A gamma = 90 deg.

Volume 3394.0(7) A"3

7, Calculated density 2, 3.199 Mg/m"3

Absorption coefficient 14.968 mm™-1

F(000) 2860

Crystal size 0.4 x 0.3 x 0.2 mm

Theta range for data collection 2.67 to 25.02 deg.

Limiting indices -20<=h<=20, -10<=k<=9, -26<=1<=24
Reflections collected / unique 26874 / 5836 [R(int) = 0.0687]
Completeness to theta = 25.02 97.2 %

Absorption correction None

Refinement method Full-matrix least-squares on F*2
Data / restraints / parameters 5836 / 0 / 237

Goodness-of-fit on F"2 1.012

Final R indices [I>2sigma(I)] Rl = 0.0462, wR2 = 0.0696

R indices (all data) Rl = 0.0991, wR2 = 0.0795
Extinction coefficient 0.000026(12)

Largest diff. peak and hole 1.588 and -1.681 e.A™-3

Table 1A b. Atomic coordinates ( x 10%4) and equivalent isotropic
displacement parameters (A"2 x 1073) for (NH3(CH;),SS(CH,),NH3)4Pbsl4,1»

U(eq) is defined as one third of the trace of the orthogonalized
Uij tensor.
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Symmetry transformations used to generate equivalent atoms:
#1 -x+1,-y+2,-z+1 #2 -x+1,-y+1,-z+1
#3 -x+1,-y+1,-z+2

Table 1A d. Anisotropic displacement parameters (A"2 x 107°3) for
(NH3(CH2)QSS(CHz)zNH3)4Pb3114,Iz

The anisotropic displacement factor exponent takes the form:

-2 pi®2 [ h"2 a*"2 Ull + ... + 2 h k a* b*x Ul2 ]
Ull u22 U33 U23 Ul3 Ul2

c(8) 56 (9) 84 (11) 48(9) -7(8) 15(7) -10(8)
Cc(6) 56 (8) 62(9) 50(9) 12(7) -15(7) -8(8)
C(4) 134 (16) 75(11) 60(13) -5(10) 1(11) 26 (11)
Cc(5) 59 (8) 45 (8) 38(8) -9(6) -7(7) -11(7)
S(2) 145 (4) 62 (3) 87 (4) 12(2) -42(3) -6(3)
Cc(7) 46 (7) 36(7) 54 (9) 3(7) 2(7) 11(6)
N(4) 48 (6) 76(8) 53(7) 13(6) -4 (5) -6(6)
N (3) 65 (8) 99(10) 97 (11) 26 (8) 24 (8) -20(7)
N(2) 57 (8) 149 (13) 63(9) -6(9) 14 (7) 5(8)
S(4) 42 (2) 85 (3) 46 (2) 4(2) 10(2) -5(2)
S(3) 70(2) 47(2) 56 (2) 6(2) -13(2) -15(2)
I(7) 33 (1) 67 (1) 53 (1) -8(1) 0(1) 5(1)
I(4) 32(1) 67 (1) 68 (1) -5(1) -1(1) 1(1)
I(3) 55 (1) 48 (1) 48 (1) -23(1) 6(1) 12 (1)
I(5) 53 (1) 59 (1) 60 (1) -30(1) 8 (1) 3(1)
I(1) 85 (1) 44 (1) 49 (1) 17 (1) 13 (1) -16 (1)
I(6) 63 (1) 59 (1) 62 (1) 29 (1) 15(1) 0(1)
I(2) 72 (1) 68 (1) 59 (1) 2(1) 19(1) 2(1)
Pb (1) 50 (1) 23 (1) 28 (1) -1(1) 11 (1) 0(1)
Pb (2) 34 (1) 30(1) 31(1) -2(1) 7(1) 0(1)
I(8) 92 (1) 79 (1) 67 (1) -24 (1) 18(1) -9(1)
S (1B) 58 (11) 104 (15) 52 (9) -9(10) 22 (8) -23(11)
C(3) 48(8) 137(15) 65(11) -4 (11) 11(8) 4(9)
S (1A) 42 (4) 131(12) 82 (7) 0(9) 7(4) 1(8)

Table 1A e. Hydrogen bonds for (NH3(CH,),SS(CH,),NH3)4Pbsli4,l; [A and deg.].

D-H...A d(D-H) d(H...A) d(D...A) < (DHA)
N(4)-H(01A) LI(1)#4 0.89 2.86 3.671(10) 151.5
N(4)-H(01C) .S (4) 0.89 2.73 3.183(11) 113.1
N(4)-H(01C)...I(6)#5 0.89 3.01 3.824(10) 153.3
N(3)-H(01H)...I(4) 0.89 2.90 3.726(13) 155.1
N(3)-H(01I)...I(3) 0.89 3.04 3.757(11) 139.0
N(2)-H(1L)...I(6) 0.89 2.80 3.570(12) 145.3
N(2)-H(IN)...I(7)#6 0.89 2.74 3.598(12) 163.4
N(2)-H(1IM)...I(5)#6 0.89 2.94 3.722(11) 147.3
N(1A)-H(1C)...I(6)#7 0.89 2.94 3.42(2) 115.7
N(1A)-H(1A)...I(5)#7 0.89 2.99 3.75(2) 143.4
N(1B)-H(2A) ...S(3)#1 0.89 2.67 3.47(3) 149.6
N (1B) -H(2C) LI(6)#7 0.89 3.07 3.91(3) 158.6

Symmetry transformations used to generate equivalent atoms:
#1 -x+1,-y+2,-z+1 #2 -x+1,-y+1,-z+1 #3 -x+1,-y+1,-z+2
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#4 x+1/2,-y+3/2,2z+1/2 #5 -x+3/2,y+1/2,-z+3/2
#6 -x+1/2,y-1/2,-z+3/2 #7 x-1/2,-y+3/2,z-1/2
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B- (NH3(CH2)2SS(CH2)2NH3)ePbsl22,4H20  (2)

Table 1B a.Crystal data and structure refinement for

(NH3(CH2)2SS(CH2)2NH3)sPbsl22,4H20

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system, space group
Unit cell dimensions
b

Volume

Z, Calculated density
Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Limiting indices
Reflections collected / unique

Completeness to theta = 30.03
Absorption correction
Max. and min. transmission

Refinement method
Data / restraints / parameters

8

C24 HS2 I22 N12 04 Pb5 S12

4825.50

293 (2) K

0.71073 A

Monoclinic, P 21/c

a = 23.23250(10) A alpha = 90 deg.
.77140(10) A beta = 100.9840(10) deg.
c = 25.81180(10) A gamma = 90 deg.
5163.61(7) A™3

2, 3.098 Mg/m"3

14.975 mm™-1

4224

0.27 x 0.11 x 0.04 mm

2.82 to 30.03 deg.

-32<=h<=32, -12<=k<=12, -36<=1<=36
83432 / 15029 [R(int) = 0.1123]

99.5 %

Gaussian

0.5534 and 0.0307

Full-matrix least-squares on F*2
15029 / 0 / 353

Goodness-of-fit on F*2 0.965

Final R indices [I>2sigma(I)] Rl = 0.0516, wR2 = 0.0737

R indices (all data) Rl1 = 0.1715, wR2 = 0.0933

Extinction coefficient 0.000014 (5)

Largest diff. peak and hole 1.825 and -2.135 e.A™-3

Table 1B b. Atomic coordinates ( x 10%4) and equivalent isotropic
displacement parameters (A™2 x 1073) for (NH;(CH,),SS (CH,),NH;) ¢PbsIs,, 4H,0
U(eq) is defined as one third of the trace of the orthogonalized
Uij tensor.
X vy z U(eq)

Pb (1) 0 0 0 29(1)
Pb (3) -3304 (1) -75(1) -2721(1) 34 (1)
Pb(2) -1613 (1) 5047 (1) -1450(1) 31(1)
I(10) -4088(1) 141 (1) -1808 (1) 66 (1)
I(7) -2451(1) 2694 (1) -2108(1) 56 (1)
I(3) -614 (1) 2642 (1) -776 (1) 41 (1)
I(4) -1045(1) 5634 (1) -2494 (1) 51(1)
I(9) -4053 (1) 2358 (1) -3442(1) 51(1)
I(1) -828 (1) -2452 (1) -672(1) 58 (1)
I(5) -2448 (1) 7673 (1) -1883(1) 57(1)
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#4 -x,y-1/2,-z+1/2
#7 -x,-y+1,-z

#10 x,y+1,z+1

#3 x,y+1,z

#6 x,vy,2z+1
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B’- (NH3(CH2)2SS(CH2)2NH3)ePbsl22,4H20 (2) obtained from the 3 — 2

transformation.

Interestingly, the 2 — 3 transformation is a reversible single-crystal-to-single-crystal transformation.
Thus, 3 is able to become 2 by catching the water in the air after a few hours at room temperature. A
summary of the data collection conditions together with the main results of the crystallographic data of
the crystal of 2, resulting from the 3 — 2 transformation, are given:

Empirical formula C24 H84 I22 N12 04 Pb5 S12

Formula weight 4817.50

Temperature 293(2) K

Wavelength 0.71073 A

Crystal system, space group Monoclinic, P 1 21/c 1

Unit cell dimensions a = 23.2430(2) A alpha = 90 deg.

b = 8.7718(10) A beta = 100.93(2) deg.
c = 25.776(5) A gamma = 90 deg.

Volume 5160.0(12) A™3

Z, Calculated density 2, 3.098 Mg/m"3

Absorption coefficient 14.975 mm™-1

F(000) 4224

Crystal size 0.27 x 0.11 x 0.04 mm

Theta range for data collection 1.98 to 30.02 deg.

Limiting indices -32<=h<=32, -12<=k<=12, -36<=1<=36

Reflections collected / unique 86263 / 14554 [R(int) = 0.0768]

Completeness to theta = 30.02 96.4 %

Absorption correction Gaussian

Max. and min. transmission 0.5562 and 0.2566

Refinement method Full-matrix least-squares on F*2

Data / restraints / parameters 14554 / 0 / 353

Goodness-of-fit on F"2 1.051

Final R indices [I>2sigma(I)] Rl = 0.0538, wR2 = 0.1198

R indices (all data) Rl = 0.1273, wR2 = 0.1530

Extinction coefficient 0.000119(17)

Largest diff. peak and hole 2.052 and -1.671 e.A"-3

Table Atomic coordinates ( x 1074) and equivalent isotropic
displacement parameters (A"2 x 1073) for sad.
U(eq) is defined as one third of the trace of the orthogonalized
Uij tensor.

X vy z U(eq)
Pb (1) 0 0 0 29 (1)
Pb (3) -3311(1) -65(1) -2716 (1) 35(1)
Pb (2) -1615(1) 5050 (1) -1449(1) 31 (1)
I(10) -4096 (1) 150 (1) -1803 (1) 66 (1)
I(7) -2452 (1) 2694 (1) -2105(1) 56 (1)
I(3) -612(1) 2648 (1) -774 (1) 41 (1)
I(4) -1045(1) 5640 (1) -2493 (1) 51 (1)
I(9) -4053 (1) 2372 (1) -3442(1) 52 (1)
I(1) -827(1) -2449 (1) -673 (1) 59 (1)
I(5) -2453 (1) 7671 (1) -1881 (1) 58 (1)
I(8) -2520(1) -612(1) -3556 (1) 49 (1)
I(2) 907 (1) -786 (1) -756 (1) 45 (1)
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C- (NH3(CHz2)2SS(CH2)sNH3)sPbslz2,2H.0  (3)

Table 1C a. Crystal data and structure refinement
for (NH3 (CHQ) QSS (CHQ) 2NH3) 6Pb5I22 ’ 2H20

Empirical formula

Formula weight

Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume
Z, Calculated density

Absorption coefficient
F(000)
Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 30.04
Absorption correction

Refinement method

Data / restraints / parameters
Goodness-of-fit on F*2

Final R indices [I>2sigma(I)]
R indices (all data)
Extinction coefficient

Largest diff. peak and hole

b =

C24 H88 I22 N12 02 Pb5 S12
4789.58

293 (2) K

0.71073 A

monoclinic, P21/c

a = 23.25610(10) A alpha = 90 deg.
8.77790(10) A beta = 100.3660(10)

c = 25.57040(10) A gamma = 90 deg.

5134.74(7) A"3

2, 3.102 Mg/m"3

15.057 mm™-1
4212
0.27 x 0.11 x 0.04 mm

2.83 to 30.04 deg.

-32<=h<=32, -12<=k<=12, -35<=1<=35
101625 / 14785 [R(int) = 0.0888]
98.3 %

None

Full-matrix least-squares on F*2
14785 / 0 / 326

1.001

R1 = 0.0558, wR2 0.0855

R1 = 0.1535, wR2 = 0.1049
0.000017(5)

1.491 and -1.269 e.A

Table 1C b. Atomic coordinates ( x 10%4) and equivalent isotropic

displacement parameters (A"2 x 1073)

for

(NH; (CHz) 2SS (CH;) 2NH3) ¢PbsIz,, 2H,0

U(eq) is defined as one third of the trace of the orthogonalized

Uij tensor.

b'e y Z U(eq)
Pb (1) 10000 0 10000 35(1)
Pb(2) 8369 (1) 5059 (1) 8563 (1) 38(1)
Pb (3) 6650 (1) -28(1) 7312 (1) 45 (1)
I(1) 10911 (1) -755 (1) 9239(1) 54 (1)
I(2) 9379 (1) 2642 (1) 9224 (1) 52 (1)
I(3) 9170(1) 7544 (1) 9333 (1) 68 (1)
I(4) 8944 (1) 5641 (1) 7522 (1) 65(1)
I(5) 7509 (1) 7630 (1) 8134 (1) 73 (1)
I(6) 7702 (1) 4406 (1) 9522 (1) 65(1)
I(7) 7546 (1) 2675 (1) 7915(1) 71(1)
I(8) 7486 (1) -592 (1) 6478 (1) 64 (1)
I(9) 5950 (1) 2431 (1) 6573 (1) 66 (1)
I(10) 5860 (1) 224 (1) 8214 (1) 80 (1)

deg.
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Symmetry transformations used to generate equivalent atoms:

#1 -x+2,-y+1,-z+2

#4 x,y+1,z

#3 -x+2,-y,-2z+2

#2 x,y-1,z

for

(A%2 x 1073)

(NH; (CH;) 2SS (CHz) ;NH;) ¢Pbs Iz, , 2H,0

Table 1C d Anisotropic displacement parameters

The anisotropic displacement factor exponent takes the form:
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Symmetry transformations used to generate equivalent atoms:

#3 -x+2,-y,-2z+2

#2 x,y-1,z
#5 -x+1,y-1/2,-2z+3/2

#1 -x+2,-y+1,-z+2

#4 x,y+1,2
#7 x-1,v,2

#6 -x+1,y+1/2,-z+3/2

#9 -x+1,-y+1,-z+2

#8 x-1,y+1,z
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#10 x,-y+1/2,z-1/2 #11 x,-y+3/2,2z-1/2 #12 x,-y+1/2,z+1/2

Figure 1C: Water molecules in 3

Two water molecules O1A and O1B have been located. Their occupation rate x(O1A) and x(O1B)
have been refined in such a way that x(O1A)+ x(O1B)= 1, the isotropic thermal motion of O1A and
O1B being constrained to be equal. Finally, x(O1A)=0.61, x(O1B)= 0.39, Ueq(O1A, O1B)= 0.200.

O1B 3,057

1.77 O1A
1
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D- (NH;(CH,),SS(CH,),NH;)PbBr, (4)

Table 1D A Crystal data and structure refinement for (NH;(CH,),SS(CH,).NH;)PbBr,

Empirical formula

Formula weight 681.12
Temperature 293(2) K
Wavelength 0.71073 A
Crystal system, space group Monoclinic, C 2/c
Unit cell dimensions a = 11.4941(5) A alpha = 90 deg.
b = 11.6541(5) A beta = 91.45 deg.
)

Volume

Z, Calculated density
Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Limiting indices

C4 H14 Br4 N2 Pb S2

(
(
c = 23.092(1) A gamma = 90 deg.

3092.2(3) A™3

8, 2.926 Mg/m"3
21.488 mm™-1

2448

0.181 x 0.14 x 0.04 mm

2.49 to 30.02 deg.
-16<=h<=16, -16<=k<=16, -26<=1<=32

Reflections collected / unique 23307 / 4503 [R(int) = 0.0794]
Completeness to theta = 30.02 99.4 %
Absorption correction Sadabs

Refinement method

Full-matrix least-squares on F*2

Data / restraints / parameters 4503 / 0 / 122

Goodness-of-fit on F*2 1.069
Final R indices [I>2sigma(I)] R1 = 0.0450, wR2 = 0.0708
R indices (all data) Rl = 0.0860, wR2 = 0.0792

0.00028(2)
1.653 and -1.798 e.A"-3

Extinction coefficient
Largest diff. peak and hole

Table 1D b. Atomic coordinates ( x 10%4) and equivalent isotropic
displacement parameters (A"2 x 10%3) for (NH,;(CH,),SS(CH,),NH,)PbBr,
U(eq) is defined as one third of the trace of the orthogonalized
Uij tensor.

X y Z U(eq)
Pb 2431 (1) 942 (1) 2538 (1) 25 (1)
Br (4) 2535(1) 888 (1) 1269(1) 40(1)
Br (1) 5000 1488(1) 2500 35(1)
Br(2) 2493 (1) 701 (1) 3876 (1) 39(1)
Br(3) 0 153 (1) 2500 41 (1)
Br (5) 3162 (1) -1518 (1) 2540 (1) 37 (1)
S(2) 5228 (2) 1479 (2) 4949 (1) 46 (1)
S(1) 5867 (2) 3101 (2) 4927 (1) 52 (1)
N(1) 5887 (5) 3335(5) 3577 (3) 39(2)
C(4) 4439 (8) 1815 (7) 6062 (4) 48 (2)
C(1) 4747 (6) 3359(7) 3854 (4) 40(2)
c(2) 4830 (8) 3826 (7) 4452 (4) 51(2)
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C(3) 4049(7) 1608 (7) 5447 (4) 46
N(2) 4979 (6) 751 (6) 6323 (3) 46

NN

Table 1D c¢ Bond lengths [A] and angles [deg] for (NH;(CH,),SS(CH,),NH;)PbBr,

Pb-Br (4) 2.9363(8)
Pb-Br (3) 2.9405(4)
Pb-Br (5) 2.9877(7)
Pb-Br (1) 3.0244 (3)
Pb-Br (5) #1 3.0417(7)
Pb-Br(2) 3.1010(9)
Br (1) -Pb#2 3.0244 (3)
Br (3) -Pb#3 2.9405(4)
Br (5) -Pb#4 3.0417(7)
S(2)-C(3) 1.806(8)
S(2)-sS(1) 2.029(3)
S(1)-C(2) 1.809(9)
N(1)-C(1) 1.472(9)
C(4)-C(3) 1.497(11)
C(4)-N(2) 1.507(10)
C(1)-C(2) 1.485(11)
Br(4) -Pb-Br (3) 91.493(16)
Br (4) -Pb-Br (5) 87.81(2)
Br(3) -Pb-Br (5) 88.11(3)
Br(4)-Pb-Br (1) 84.897(16)
Br(3) -Pb-Br (1) 173.04 (3)
Br (5) -Pb-Br (1) 85.81(2)
Br (4) -Pb-Br (5) #1 88.68(2)
Br (3) -Pb-Br (5) #1 95.24 (3)
Br(5) -Pb-Br (5) #1 175.209(10)
Br (1) -Pb-Br (5) #1 90.63(3)
Br(4) -Pb-Br(2) 172.60(2)
Br (3) -Pb-Br(2) 89.964 (15)
Br(5) -Pb-Br (2) 84.99(2)
Br (1) -Pb-Br(2) 92.875(15)
Br (5) #1-Pb-Br (2) 98.41(2)
Pb-Br (1) -Pb#2 155.71 (4)
Pb-Br (3) -Pb#3 143.55 (4)
Pb-Br (5) -Pb#4 150.60(3)
C(3)-5(2)-S(1) 102.4(3)
Cc(2)-5(1)-S(2) 102.5(3)
C(3)-C(4)-N(2) 110.9(7)
N(1)-C(1)-C(2) 112.0(6)
C(1)-Cc(2)-s(1) 114.8(6)
C(4)-C(3)-S(2) 114.0(6)

Symmetry transformations used to generate equivalent atoms:
#1 -x+1/2,y+1/2,-z+1/2 #2 -x+1,y,-z+1/2
#3 -x,y,-z+1/2 #4 -x+1/2,y-1/2,-z+1/2
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Table 1D d. Anisotropic displacement parameters

-2 pi®2 [ h"2 a*"2 U1l + ...

+ 2 h k a* b* U12 ]

(A*2 x 1073) for
(NH3 (CHz) sz (CHz) 2NH3) PbBr4
The anisotropic displacement factor exponent takes the form:

Ull u22 U33 U23 Ul3 Uiz
Pb 23 (1) 22 (1) 29 (1) 1(1) 0(1) 0(1)
Br (4) 44 (1) 43 (1) 31(1) 0(1) -4 (1) -7(1)
Br(1) 23 (1) 37 (1) 44 (1) 0 -6(1) 0
Br(2) 41 (1) 36 (1) 39(1) -5(1) -1(1) 1(1)
Br(3) 20(1) 50 (1) 51 (1) 0 -2(1) 0
Br (5) 45 (1) 21(1) 44 (1) -1(1) 7(1) -1(1)
S(2) 63 (1) 41 (1) 34 (1) 4 (1) 10 (1) 8 (1)
S (1) 58 (1) 63(2) 34 (1) -4 (1) -2(1) -15(1)
N(1) 46 (4) 35(4) 36 (4) -1(3) 3(3) 1(3)
C(4) 62(6) 42 (5) 41 (5) 2(4) 15(5) 13(4)
Cc(1) 30(4) 46 (5) 46 (5) 14 (4) -2(4) 0(4)
C(2) 65 (5) 42 (5) 46 (5) 13 (4) 21 (5) 16 (4)
C(3) 51(5) 49 (5) 38(5) 13 (4) 0(4) 8(4)
N(2) 49 (4) 52 (5) 36 (4) 5(3) -1(3) 5(3)
Table 1D_e. Hydrogen bonds for (NH;3(CH,),SS(CH;),NH;3;)PbBrs [A and deg.].
D-H...A d (D-H) d(H...R7) d(D...RA) < (DHA)
N(1)-H(1An)...Br(2)#5 0.89 2.49 3.381(6) 175.2
N(1)-H(1B)...Br(1) 0.89 2.76 3.424(6) 132.6
N(1)-H(1B)...Br(3)#5 0.89 2.85 3.403(6) 121.4
N(1)-H(1C)...Br(4)#2 0.89 2.54 3.394(6) 160.5
N(2)-H(2C)...Br(4)#6 0.89 2.54 3.397(7) 162.6
N(2)-H(2D)...Br(5)#7 0.89 2.64 3.460(7) 154.6
N(2)-H(2E)...Br(2)#7 0.89 2.65 3.404(6) 143.5

Symmetry transformations used to generate equivalent atoms:
#2 -x+1,y,-z+1/2
#5 x+1/2,y+1/2,z

#1 -x+1/2,y+1/2,-z+1/2
#4 -x+1/2,y-1/2,-z+1/2

#3 -x,y,-z+1/2
#6 x,-y,z+1/2
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3- Powder X-ray patterns

A- Powder X-Ray pattern of a crystallized powder of (NH3(CH;),SS(CH,),NHj3)sPbsl;,,4H,0 (2) (blue
line), together with the theoretical one calculated from the crystal X-ray data (red line)
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B- Powder X-Ray pattern of crushed selected crystals of (NH3(CH;),SS(CH;),NH3)4Pb3l;4,1; (1) (blue
line) together with the theoretical one calculated from the crystal X-ray data (red line)
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Intensity (a.u.)

C- Powder X-Ray pattern of crystals of (NH;3(CH,),SS(CH;);NH3)PbBr,4 (4) (blue line) together with

the theoretical one calculated from the crystal X-ray data (red line)
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4- Thermal analysis
A)- DSC and ATG analysis of (NH3(CH,),SS(CH,),NH3)¢Pbsl,,,4H,0 (2)

05 120
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DSC and ATG il 0.7173% 0.7901%
experiments in the RT- (0.1775mg) (0.1955mg)
300°C and RT-800°C 107 P 245.18°C - 100
ranges respectively : 135.20°C
44.60%
15 (11.04mg) ~80
) 220.21°C
S g
8 201 . ~60 g
o 179.96°C SIS 2
>
I
254 129.13°C 40
51.80%
(12.82mg)
-3.07 20
267.84°C
568.39°C :
-35 T T T T T T T O
0 200 400 500 800
Exo Up Temperature (DC) Universal W3.0G TA Instruments
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B- DSC and ATG analysis of (NH3(CH,),SS(CH,),NH; )4PbsI 4.1
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5- Solid state NMR

Figure 5A displays the CPMAS solid state "H-'"N NMR spectrum of 2. This spectrum is
tentatively reconstructed with five contributions (Table 5A) with isotropic chemical shift
values ranging between -338 and -327 ppm. Despite the poor signal to noise ratio, the line
relative intensities are compatible with six nitrogen sites with the same multiplicities,

assigning the most intense line to two nitrogen sites.

VAWS

I I I I
-320 -330 -340 -350
aiso (ppm)

Figure 5A. Experimental (in blue) CPMAS solid state 'H-""N NMR spectrum of (2). The
reconstructed spectrum (in red) corresponds to the summation of the five contributions.

Oiso Line width Relative intensity (%)
-338.4 1.9 11
-335.9 23 24
-334.2 297 18
-330.7 3.51 35
-326.7 3.59 12

Table 5A. Isotropic chemical shifts, dis, (ppm), line widths (ppm) and relative intensities (%)

as deduced from spectrum reconstruction of (2).
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6- Complex Impedance Spectroscopy

After grinding crystals of 2, the compaction into pellets was achieved by using a die placed in
a uniaxial hydraulic press (5 mm diameter and 3-5 mm thickness, 500 MPa load). Thin
platinum films electrodes were deposited by magnetron sputtering on both flat faces of the
pellet. Two probes electrical conductivity measurements were carried out using a
Schlumberger Solartron 1260 frequency response analyser connected to a Schlumberger
Solartron 1296 dielectric interface over the frequency range 10 MHz to 0.05 Hz (ac voltage of
0.5V, 40 points/decade). Complex impedance spectra were recorded under dry nitrogen flow
every 10K from 300 to 360K (temperature equilibration for 35min). Z-view 2.8d software
was used to fit the whole impedance diagrams. The electronic conductivity was measured by
the Wagner polarization method on a Schlumberger Solartron 1287/1260 electrochemical
response analyser, in which platinum films were used as ion-blocking electrodes. Impedance
diagrams plotted in the Nyquist complex plane present two semicircles and a spike at low
frequencies characteristic of the electrode polarization. The high and lower frequency
semicircles were least squares fitted with a series combination of (R//C) and (R//CPE)
elements respectively. Based on the value of capacitance 107?F, the former arc was assigned
to the bulk response while the later (107'°F) is associated to the grain boundaries contribution.

. 3.0
i o <125 .
.g 330K - 20 %
C : 340K =
o 350K 1'° o
x i 1kHz |, X
N 1kHz N

' 0.0

50 00 05 10 15 20 25 30
Z' x107 (ohm) Z' x107 (ohm)

Figure 6A : Nyquist repesentation of impedance spectra at different temperatures.
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