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Crystallography

Crystallographic details for 1a

Table S1: Crystallographic data for 1a.

1a
Empirical formula C10HgBiCl3N,
Formula weight /g-mol? 471.51
Crystal colour and shape colourless block
Crystal size 0.2x0.15x0.1
Crystal system monoclinic
Space group C2/c
al/A 10.0218(9)
b /A 24.140(2)
c/A 11.8811(10)
a/° 90
B/° 113.7320(10)
v/° 90
v /A3 2631.3(4)
4 8
Pealc /g:cm™3 2.380
#(Moke) /mm~t 13.983
measurement temp. /K 100
Absorption correction type multi-scan
Min/max transmission 0.4146/0.7460
2@range /° 3.374-60.234
No. of measured reflections 30068
No. of independent reflections 3869
R(int) 0.1574
No. of indep. reflections (/ > 2o(/)) 3497
No. of parameters 146
R1(I>20(l)) 0.0395
WR> (all data) 0.1020
S (all data) 1.060
DPmax, DPmin /e- A3 5.85/-3.68

Ci2 cn

cI3 Cl4

Figure S1: Asymmetric unit of 1a, ellipsoids at 50% probability.
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Table S2: Selected interatomic distances (in A) and angles (in °) in 1a.

Symmetry operations: |

Bil CI3
Bil CI2
Bi1 Cl1
Bil Cl4
Bil N1
Bi1 N2'

Cl2 Bi1 CI3

2.9050(13)
2.8885(12)
2.5184(13)
2.5429(13)
2.539(4)
2.514(5)

86.12(4)

1+x,+y,-1+z

Cl1Bi1CI3
Cl1 Bi1 CI2
Cl1Bi1Cl4
CI1 Bi1 N1
Cl4 Bi1 CI3
Cl4 Bi1 CI2
N1 BilCl3
N1 Bil CI2

S3

170.75(4)
84.63(4)
95.45(5)
89.95(10)
93.80(5)
177.10(3)
89.56(10)
88.88(10)

N1BilcCl4
N2'Bi1 CI3
N2'Bi1 CI2
N2'Bi1 Cl1
N2'Bi1 Cl4
N2'Bi1 N1

94.02(11)
88.98(12)
86.85(11)
90.82(11)
90.25(11)
175.57(14)



Crystallographic details for 1b

Table S3: Crystallographic data for 1b.

1b
Empirical formula C10HgBiCl3N,
Formula weight /g-mol-! 471.51

Crystal colour and shape
Crystal size

Crystal system

Space group

a/A

b /A

c/A

a/°

BI°

v/l°

v /A3

V4

Pealc /g-cm™3

Moka) /mm1
measurement temp. /K
Absorption correction type
Min/max transmission
2@range /°

No. of measured reflections
No. of independent reflections
R(int)

No. of indep. reflections (/ > 2o(/))
No. of parameters
Ri(1>20ll))

WR; (all data)

S (all data)

DPrmax, Apmin /- A3

colourless block
0.218 x 0.144 x 0.133
triclinic

P1

8.1976(16)

8.6395(17)
9.7726(19)

66.75(3)
88.28(3)
87.94(3)

635.4(3)

2

2.465

14.477

100
multi-scan
0.4906/0.7457
4.538-56.686
9078

3159

0.0497

2797

145

0.0319
0.0684

1.003
2.24/-1.86

Figure S2: Asymmetric unit of 1b, ellipsoids at 50% probability.
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Table S4: Selected interatomic distances (in A) and angles (in °) in 1b.

Symmetry operations: |

Bi1 CI2 2.5032(15)
Bi1 CI1 2.5260(18)
Bi1 CI3 2.921(2)
Bi1 CI3' 2.9413(16)
Bi1 N1 2.467(5)
Bi1 N2' 2.575(5)

Cl2 Bi1 Cl1 94.26(5)

2-x,1-y,1-z;

Cl2 Bi1 CI3'
CI2 Bi1 CI3
Cl2 Bi1 N2"
Cl1Bi1CI3
Cl1 Bi1 CI3'
Cl1 Bi1 N2"
CI3 Bi1 CI3'
N1 Bil CI2

S5

1+x,1+y, z

175.24(4)
87.41(5)
88.93(12)
171.98(4)
90.36(5)
93.22(12)
87.85(5)
89.94(12)

N1 BilCl1
N1 Bi1 CI3'
N1 Bil CI3
N1 Bil N2"
N2 Bi1 CI3'
N2" Bi1 CI3'

88.66(12)
89.02(12)
83.50(12)
177.87(15)
94.65(12)
91.96(12)



Crystallographic details for 2

Table S5: Crystallographic data for 2.

2
Empirical formula C10HsgBiBrsN;
Formula weight /g-mol-! 604.89

Crystal colour and shape
Crystal size

Crystal system

Space group

a/A

b /A

c/A

a/°

BI°

v/l°

v /A3

V4

Pealc /g-cm™3

Moka) /mm1
measurement temp. /K
Absorption correction type
Min/max transmission
2@range /°

No. of measured reflections
No. of independent reflections
R(int)

No. of indep. reflections (/ > 2o(/))
No. of parameters
Ri(1>20ll))

WR; (all data)

S (all data)

DPrmax, Apmin /- A3

colourless block
0.205 x 0.091 x 0.067

triclinic

P1
8.0006(16)
9.1231(18)
10.094(2)

114.97(3)
92.83(3)
90.59(3)

666.7(3)

2

3.013
22.186

100
multi-scan
0.4472/0.7457
4.458-56.97
10278

3379
0.0235
3162

145

0.0189
0.0415
1.066
1.26/-0.96

Figure S3: Asymmetric unit of 2, ellipsoids at 50% probability.
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Table S6: Selected interatomic distances (in A) and angles (in °) in 2.

Symmetry operations: |

Bil Br3
Bil Br3'
Bil Br2
Bil Brl
Bil N2"
Bil N1

Br3 Bil'

3.0325(14)
3.0779(9)
2.6437(8)
2.6667(12)
2.592(3)
2.454(3)
3.0780(9)

-X,1-y,1-z

Br3 Bil Br3'
Br2 Bil Br3
Br2 Bil Br3'
Br2 Bil Brl
Brl Bil Br3'
Brl Bil Br3
N2" Bil Br3
N2" Bil Br3

S7

-14x,-1+y,z

88.54(3)
88.23(3)
176.767(11)
93.82(3)
89.36(3)
169.588(13)
93.86(7)
90.29(7)

N2" Bil Br2
N2"Bil Brl
N1 Bil Br3'
N1 Bil Br3
N1 Bil Br2
N1 Bil Brl
N1 Bil N2"

89.97(7)
96.35(7)
88.99(7)
82.02(7)
90.52(7)
87.75(7)
175.83(9)



Crystallographic details for 3

Table S7: Crystallographic data for 3.

3
Empirical formula C1oHsBilsN2
Formula weight /g-mol-! 745.86
Crystal colour and shape yellow block
Crystal size 0.28 x 0.161 x 0.153
Crystal system triclinic
Space group P1
al/A 7.6526(15)
b /A 10.094(2)
c/A 10.841(2)
a/° 117.34(3)
prl° 91.13(3)
y/° 94.78(3)
v /A3 739.7(3)
V4 2
Pralc /g-cm~3 3.349
Moka) /mm1 18.157
measurement temp. /K 100
Absorption correction type multi-scan
Min/max transmission 0.3589/0.7457
2@range /° 5.354-56.646
No. of measured reflections 10057
No. of independent reflections 3675
R(int) 0.0309
No. of indep. reflections (/ > 2o(/)) 3385
No. of parameters 145
Ri(I>24(1) 0.0240
WR; (all data) 0.0499
S (all data) 1.051
DPmax, Dpmin /e A3 1.10/-1.37

Figure S4: Asymmetric unit of 3, ellipsoids at 50% probability.
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Table S8: Selected interatomic distances (in A) and angles (in °) in 3.

Symmetry operations: |

Bi1 13!
Bil1 I3
Bil 12
Bill1
Bil N1
Bi1 N2"

13 Bi1 13!

3.3339(10)
3.2137(14)
2.8706(9)
2.9178(13)
2.525(4)
2.585(4)

89.21(3)

1-x,1-y,1-z

12 Bil1l3
12 Bi1 13!
12 Billl
11Bil1l3
11 Bi113'
N1Bill3
N1 Bil 13!

S9

-1+x,-1+y,+z

89.12(3)
177.846(11)
92.85(3)
174.215(11)
88.69(3)
84.21(10)
88.50(10)

N1 Bill2

N1Billl

N1 Bil N2"
N2"Bi1 13'
N2'"Bi1 13
N2"Bil I2
N2"BilI1

89.98(10)
90.34(10)
173.19(13)
90.60(9)
89.03(10)
90.73(9)
96.38(10)



Crystallographic details for 4

Table S9: Crystallographic data for 4.

a4
Empirical formula C0H19BiCl4N4
Formula weight /g-mol-! 666.17
Crystal colour and shape colourless block
Crystal size 0.301 x 0.214 x 0.205
Crystal system monoclinic
Space group C2/m
al/A 13.062(3)
b /A 12.287(2)
c/A 8.1125(15)
a/° 90
prl° 121.421(5)
v/° 90
v /A3 1111.1(4)
V4 2
Pealc /g-cm™3 1.991
Moka) /mm1 8.430
measurement temp. /K 100
Absorption correction type multi-scan
Min/max transmission 0.5223/0.7457
2@range /° 4.934-56.692
No. of measured reflections 8185
No. of independent reflections 1446
R(int) 0.0394
No. of indep. reflections (/ > 2o(/)) 1439
No. of parameters 73
Ri(I>24(1) 0.0223
WR; (all data) 0.0554
S (all data) 1.173
DPmax, Dpmin /e A3 1.79/-1.71

Details of crystal structure refinement: The hydrogen atom attached to N2 has half occupancy to
correctly model the pyridine-pyridinium homodimer.

C4 C5
N2 C6

cn <2

C1 C2

N1
Bi1 c3

Figure S5: Asymmetric unit of 4, ellipsoids at 50% probability.
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Table S10: Selected interatomic distances (in A) and angles (in °) in 4.

Symmetry operations: |

Bi1 CI2'
Bil CI2
Bi1 CI3'
Bil CI3
Bil N4
Bil N4'

Cl2'Bi1 CI2

2.6818(12)
2.6818(12)
2.6778(11)
2.6778(11)
2.575(5)
2.575(5)

180.0

1-x,-Y,1-z

CI3 Bi1 CI2
CI3'Bi1 CI2'
CI3'Bi1 CI2
CI3 Bil1 CI2'
CI3'Bi1 CI3
N4 Bi1 CI2'
N4'Bil CI2
N4'Bi1 CI2'

86.01(4)
86.01(4)
93.99(4)
93.99(4)
180.0
90.0
90.0
90.0

S11

N4 Bil CI2
N4 Bil CI3
N4 Bi1 CI3'
N4l Bil CI3!
N4'Bi1 CI3
N4' Bil N4

90.0
90.0
90.0
90.0
90.0
180.0



Crystallographic details for 5

Table S11: Crystallographic data for 5.

5
Empirical formula Cas5H21BiCl4Ns
Formula weight /g-mol-! 742.25

Crystal colour and shape

colourless block

Crystal size 0.15x0.12 x 0.09
Crystal system triclinic
Space group P1

al/A 8.7574(7)

b /A 11.1147(9)
c/A 14.6158(12)
a/° 82.7440(10)
£/° 78.5740(10)
v/° 70.6280(10)
v /A3 1312.67(18)
V4 2

Pealc /g-cm™3 1.878
Moka) /mm1 7.147
measurement temp. /K 100
Absorption correction type multi-scan
Min/max transmission 0.5810/0.7460
2@range /° 2.848-60.24
No. of measured reflections 19881

No. of independent reflections 7664

R(int) 0.0747

No. of indep. reflections (/ > 2o(/)) 6915

No. of parameters 352
Ri(I>24(1) 0.0345

WR; (all data) 0.1057

S (all data) 0.768
DPmax, Dpmin /e A3 2.86/-1.37

Details of crystal structure refinement: A minor disorder in the bridging bipy unit was modeled with
four half occupied positions in the pyridyl moiety. The hydrogen atoms attached to N3 and N4 have
half occupancy to correctly model the N-H---N-hydrogen bridges between bipy units.

Figure S6: Asymmetric unit of 5, ellipsoids at 50% probability.
S12



Table S12: Selected interatomic distances (in A) and angles (in °) in 5.

Bil Cl4
Bil CI2
Bil CI3
Bi1 Cl1
Bil N2
Bil N1

Cl4 Bi1 CI2

2.6665(13)
2.6709(12)
2.6860(14)
2.6619(13)
2.523(3)
2.545(3)

175.52(4)

Cl4 Bi1 CI3
Cl4 Bi1 Cl1
CI3 Bi1 CI2
Cl1 Bi1 CI2
Cl1Bi1 CI3
N2 Bil Cl4
N2 Bil CI2
N2 Bil CI3

90.96(5)
90.68(4)
92.45(4)
86.05(4)
175.53(4)
91.52(10)
85.81(10)
86.25(10)

513

N2 Bil Cl1
N2 Bil N1
N1 Bil Cl4
N1 Bil CI2
N1 Bil CI3
N1 BilCl1

96.23(10)
169.40(13)
93.46(10)
89.78(10)
84.31(10)
93.08(10)



Crystallographic details for 6

Table S13: Crystallographic data for 6.

6
Empirical formula CaoH3sClgNgSm;
Formula weight /g-mol-! 1215.08
Crystal colour and shape colourless block
Crystal size 0.23 x 0.15 x 0.05
Crystal system monoclinic
Space group C2/m
al/A 13.205(4)
b /A 12.340(4)
c/A 8.1926(16)
a/° 90
prl° 121.97(3)
v/° 90
v /A3 1132.5(6)
V4 1
Pealc /g-cm™3 1.782
Moka) /mm1 3.079
measurement temp. /K 100
Absorption correction type multi-scan
Min/max transmission 0.5679/0.7455
2@range /° 4.912-54.072
No. of measured reflections 6951
No. of independent reflections 1312
R(int) 0.0207
No. of indep. reflections (/ > 2o(/)) 1310
No. of parameters 73
Ri(I>24(1) 0.0157
WR; (all data) 0.0406
S (all data) 1.120
DPmax, Dpmin /e A3 1.17/-0.23

Details of crystal structure refinement: The hydrogen atom attached to N2 has half occupancy to
correctly model the pyridine-pyridinium homodimer.

C6

C4 C5

Figure S7: Asymmetric unit of 6, ellipsoids at 50% probability.
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Table S14: Selected interatomic distances (in A) and angles (in °) in 6.

Symmetry operations: |

Sm1 Cl1
Sm1cl1'
Sm1 Cl2
Sm1CI2'
Sm1 N1'
Sm1 N1

Cl1 Sm1cCl1!

2.6616(10)
2.6616(10)
2.6631(13)
2.6631(13)
2.592(2)
2.592(2)

180.00(2)

1-x, 1-y, -z

Cl1 Sm1 CI2'
Cl1'Sm1 CI2'
Cl1 Sm1 CI2

Cl1'Sm1 CI2
Cl2 Sm1 CI2!
N1SmlcCl1

N1'Sm1 Cl1!
N1Sm1cl1'

515

86.49(4)
93.51(4)
93.51(3)
86.49(4)
180.0
90.0
90.0
90.0

N1'Sm1Cl1
N1 Sm1 Cl2
N1'Sm1CI2
N1'Sm1 CI2'
N1Sm1 CI2'
N1'Sm1 N1

90.0
90.0
90.0
90.0
90.0
180.0



Crystallographic details for 7

Table S15: Crystallographic data for 7.

7
Empirical formula C20H19CI4N4Th
Formula weight /g-mol-! 616.11
Crystal colour and shape colourless block
Crystal size 0.339 x 0.321 x 0.200
Crystal system monoclinic
Space group C2/c
al/A 14.5387(4)
b /A 12.2326(3)
c/A 13.1136(4)
a/° 90
£/° 107.7010(10)
v/° 90
v /A3 2221.79(11)
V4 4
Pralc /g-cm~3 1.842
Moka) /mm1 3.679
measurement temp. /K 173.15
Absorption correction type multi-scan
Min/max transmission 0.6508/0.7460
2@range /° 4.442-60.148
No. of measured reflections 17699
No. of independent reflections 3180
R(int) 0.0278
No. of indep. reflections (/ > 2o(/)) 2998
No. of parameters 134
Ri(I>24(1) 0.0169
WR; (all data) 0.0425
S (all data) 1.094
DPmax, Dpmin /e A3 0.56/-0.91

Details of crystal structure refinement: The hydrogen atom attached to N3 has half occupancy to
correctly model the pyridine-pyridinium homodimer.

C5 C6
, N1 C1 CZC3C4
Th1 N2
CH1 CI2
C10 C11
C9 N3
C8 (7

Figure S8: Asymmetric unit of 7, ellipsoids at 50% probability.
S16



Table S16: Selected interatomic distances (in A) and angles (in °) in 7.

Symmetry operations: |

TblcCll
Tb1 CI1'
Tb1 CI2'
Tb1 CI2
Tb1 N1
Th1 N2"

Cl1'Th1cCll

2.6268(4)
2.6267(4)
2.6224(4)
2.6225(4)
2.537(2)
2.542(2)

179.936(18)

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

Cl2'Th1Cll
CI2' Th1 CI1'!
Cl2 Tb1 CI1'
Cl2Th1lCl1
Cl2' Tb1 CI2
N1 Tb1 Cl1'
N1Tb1Cl1
N1 Tb1 CI2

2+x,1+4y,+2z

86.786(14)
93.213(14)
86.786(14)
93.213(14)
177.394(19)
89.967(9)
89.968(9)
88.697(9)

S17

N1 Th1 ClI2'
N1Thl N2"
N2"Tb1 CI1'
N2"Th1 Cl1
N2"Tb1 CI2'
N2"Tb1 CI2

88.698(9)
180.0

90.033(9)
90.032(9)
91.302(9)
91.303(9)



Crystallographic details for 8

Table S17: Crystallographic data for 8.

8
Empirical formula C0H19Cl4LUN,4
Formula weight /g-mol-! 632.16
Crystal colour and shape colourless block
Crystal size 0.16 x 0.11 x 0.10
Crystal system monoclinic
Space group C2/c
al/A 14.516(3)
b /A 12.071(2)
c/A 13.240(3)
a/° 90
£/° 105.64(3)
v/° 90
v /A3 2234.1(8)
V4 4
Pealc /g-cm™3 1.880
Moka) /mm~1 4912
measurement temp. /K 100
Absorption correction type multi-scan
Min/max transmission 0.4478/0.7455
2@range /° 4.458-54.078
No. of measured reflections 13338
No. of independent reflections 2454
R(int) 0.0253
No. of indep. reflections (/ > 2o(/)) 2395
No. of parameters 134
Ri(I>24(1) 0.0177
WR; (all data) 0.0424
S (all data) 1.158
DPmax, Dpmin /e A3 1.54/-0.33

Details of crystal structure refinement: The hydrogen atom attached to N3 has half occupancy to
correctly model the pyridine-pyridinium homodimer.

Lu1

Cl2

cg C7

c9 N3

c10 C11

Figure S9: Asymmetric unit of 8, ellipsoids at 50% probability.
S18



Table S18: Selected interatomic distances (in A) and angles (in °) in 8.

Symmetry operations: |

Lul Cl1'
Lul Cl1
Lul CI2'
Lul CI2
Lul N1
Lul N2"

Cl1 Lul Cl1'

2.5675(8)
2.5675(8)
2.5576(9)
2.5577(9)
2.453(3)
2.468(3)

179.55(2)

X,+Y,1/2-Z

CI2'Lu1 cI1'
Cl2'Lu1 Cil
Cl2LulcCil
Cl2 Lu1 Cl1'
Cl2'Lul CI2
N1 LulCl1
N1 Lul Cl1!
N1 Lul CI2

519

+X,-1+Y,+Z

87.91(4)
92.09(4)
87.91(4)
92.09(4)
178.33(3)
90.227(13)
90.226(12)
90.836(14)

N1 LulCI2'
N1 Lul N2"
N2"LulCl1
N2'"Lu1 Cl1'
N2"Lul CI2'
N2"Lul CI2

90.835(14)
180.0

89.773(13)
89.774(13)
89.165(14)
89.164(14)



Crystallographic details for 9

Table S19: Crystallographic data for 9.

9
Empirical formula CeoHs2ClgN12Sm;
Formula weight /g-mol-! 1525.43
Crystal colour and shape colourless block
Crystal size 0.433 x 0.276 x 0.189
Crystal system monoclinic
Space group P21/c
al/A 8.7594(4)
b /A 20.0090(9)
c/A 17.2945(8)
a/° 90
prl° 92.8550(10)
v/° 90
v /A3 3027.4(2)
V4 2
Pealc /g-cm™3 1.673
Moka) /mm1 2.324
measurement temp. /K 100
Absorption correction type multi-scan
Min/max transmission 0.6174/0.7460
2@range /° 3.114-60.172
No. of measured reflections 48005
No. of independent reflections 8676
R(int) 0.0653
No. of indep. reflections (/ > 2o(/)) 6477
No. of parameters 478
Ri(I>24(1) 0.0334
WR; (all data) 0.0601
S (all data) 1.009
DPmax, Dpmin /e A3 0.76/-1.75

Details of crystal structure refinement: The hydrogen atom attached to N4 was refined to have a half
occupancy to correctly model the pyridinium-bipy heterodimer. A disorder in the bipy unit within this
dimer was modeled by half occupied positions for all C/N-atoms.

C23A C24A C30A C29A

025 CSA C28A C27A co
_.C8
ciz €10

c7
Smi1 ce C17 C18
C14C15 4 76Cl4
- AN T O
c13 i .
c12 C11 N2 Cy 20

clo
ce ©1 C2

Figure $10: Asymmetric unit of 9, ellipsoids at 50% probability.
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Table S20: Selected interatomic distances (in A) and angles (in °) in 9.

Sm1CI3
Sm1Cl4
Sm1 ClI2
SmlcCl1
Sm1 N2
Sm1 N3
Sm1 N1

CI3Sm1cCl2
Cl4Sm1cCl3

2.7031(7)
2.6792(7)
2.7311(7)
2.6882(7)
2.587(2)
2.675(2)
2.592(2)

153.36(2)
97.45(2)

Cl4 Sm1 CI2
Cl4 Sm1 Cl1
Cl1Sm1CI3
Cl1 Sm1 CI2
N2 Sm1 ClI3
N2 Sm1 Cl4
N2 Sm1 Cl2
N2 Sm1 Cl1
N2 Sm1 N3
N2 Sm1 N1

84.52(2)
168.40(2)
83.88(2)
89.18(2)
126.96(5)
109.62(5)
76.06(5)
78.10(5)
66.24(8)
147.73(8)

S21

N3 Sm1Cl3
N3 Sm1 Cl4
N3 Sm1 Cl2
N3 Sm1Cl1
N1Sm1Cl3
N1Sm1 Cl4
N1 Sm1 Cl2
N1Sm1Cl1
N1Sm1 N3

75.66(6)
79.36(5)
130.44(6)
112.04(5)
76.62(5)
85.15(5)
77.09(5)
83.96(5)
146.01(7)



Crystallographic details for 10

Table S21: Crystallographic data for 10.

10
Empirical formula C3oH26Cl4NgPT
Formula weight /g-mol-! 753.28

Crystal colour and shape
Crystal size

Crystal system

Space group

a/A

b /A

c/A

a/°

BI°

v/l°

v /A3

V4

Pealc /g-cm™3

Moka) /mm1
measurement temp. /K
Absorption correction type
Min/max transmission
2@range /°

No. of measured reflections
No. of independent reflections
R(int)

No. of indep. reflections (/ > 2o(/))

No. of parameters
Ri(1>20ll))

WR; (all data)

S (all data)

APmax, Apmin /e- A3

colourless plate

0.06 x 0.01 x 0.01

monoclinic
P24/c
8.8374(18)
20.136(4)
17.364(4)

90
92.75(3)
90

3086.4(11)
4

1.621
1.956
173(2)
multi-scan
0.6119/0.7455
3.1-54.32
37589
6808
0.0988
4813

554
0.0443
0.0823
1.010
0.94/-0.49

Details of crystal structure refinement: The hydrogen atom attached to N4 was refined to have a half
occupancy to correctly model the pyridinium-bipy heterodimer. The disorder in the bipy molecules was
modelled with half occupied positions for the C-atoms C21, 22, 24, 25, 26, 27, 29, 30 in the pyridyl
moieties.

C25A C24A
e 3 C27A C26A

ClA c12a

C13

S22



Figure S11: Asymmetric unit of 10, ellipsoids at 50% probability.

Table $22: Selected interatomic distances (in A) and angles (in °) in 10.

Pr1 N3
Pr1 N2
Pr1cClI2
Pr1 N1
Pr1cCl4
PricCl1
Pr1ClI3

N3 Prl N2
N3 Pr1 Cl2

2.638(3)
2.645(4)
2.7227(13)
2.727(4)
2.7287(12)
2.7428(13)
2.7718(12)

147.65(11)
85.13(8)

N2 Prl CI2
N3 Pr1 N1
N2 Pr1 N1
CI2 Pr1 N1
N3 Prl Cl4
N2 Prl1 Cl4
Cl2pr1Cl4
N1 PrlCl4
N3 Prl Cl1
N2 Prl Cl1

109.79(8)
146.19(11)
66.14(11)
79.32(9)
84.24(8)
77.66(8)
168.61(4)
111.92(9)
76.93(8)
126.41(8)

S23

Cl2PricCil
N1 PrlCl1
Cl4pPricil
N3 Prl CI3
N2 Pr1 CI3
Cl2pr1CI3
N1 PrlCI3
Cl4 pPr1CI3
Cl1Pr1CI3

98.01(4)
75.78(9)
83.54(4)
77.08(8)
76.13(8)
84.34(4)
130.14(9)
89.32(4)
153.60(4)



Table S23: Comparison of selected interatomic distances of compounds 1-10 with those of
literature-known reference compounds.

(10)

M-X-bond M-N-bond M-X-bond M-N bond
Compound length length Reference compound length range | length range
range / A range / A /A /A
L[Bi,Cls(bipy)s] (1a) 2.514-2.905 | 2.515-2.539 2[BiCle(pyz)a]™ 2.563-3.054 | 2.491-2.751
L[BiCls(bipy)2] (1b) 2.503-2.941 | 2.467-2.576 See 1a
L[BiBrs(bipy)a] (2) 2.644-3.078 | 2.454-2.592 Bi2Bre(2,2'-bipy), 2.681-3.032 | 2.423-2.506
o Biale(3-
L[Bizls(bipy)2] (3) 2.871-3.334 | 2.525-2.585 = 2.923-3.237 | 2.5182.578
methylpyridine),3!
[Hpy-pylL[BiCla(bipy)] (4) 2.677-2.682 2.576 Seela
Hbipy-bipy][(Hbipy)BiCla(1-
[ Py p’,'”( ,py) | 6612685 | 2.523-2.548 See 1a
bipy)BiCla(bipy)] (5)
[Hpy-pylL[SmCla(bipy)] (6) | 2.662-2.663 2.592 2.[SmCl(bipy)s]-2bipy!™ | 2.631-2.780 | 2.576-2.628
[Hpy-py]L[TbCla(bipy)] (7) 2.622-2.627 | 2.537-2.542 [Tb:Cl(bipy)(py)s]s] | 2.614-2.664 | 2.540-2.593
L[LuxCls(bi
[Hpy-py]&[LuCla(bipy)] (8) 2.557-2.568 | 2.453-2.468 [LuzCls(bip Y)Z(p Yl | 5 54925500 | 2.391-2.400°
Loo[LuCla(bipy)]®!
Hpy-bipy]:2-[(SmCla)2(bi
(Hpy bipyl: [((9) hlbipyl |5 292731 | 2.586-2.675 See 6
Hpy-bipyl:2[(PrCla)(bi
(Hpy bipyla=((PrCla)a(bipy)s] | ) 1) 5 793 | 2.637.2.728 2[Pr Cle(bipy)s]-2bipy | 2.660-2.821 | 2.618-2.677

@ within the anionic structure motif
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Secondary Interactions in 1a

Figure $12: Offset-face-to-face r---m-interactions!” in 1a, with centroid-centroid distances of
3.934 A

S25



Secondary Interactions in 1b-3

Figure $13: Hydrogen bonding in compounds 1b (top), 2 (middle) and 3 (bottom). Hydrogen
bonds are displayed as orange-dotted lines.
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Figure S14: Additional Hydrogen bonding in compounds 1b (top) and 2 (bottom). Hydrogen
bonds are displayed as orange-dotted lines.
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Figure S15. Fragment of the crystal structure of 1a, view along [101] (top). Fragment of the

crystal structure of 1b, view along [110] (bottom).
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Thermal analysis
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Figure $16. DTA- (red) and TG-curve (black) of a-%[Bi>Cls(bipy).] (1a).
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Figure S17. DTA- (red) and TG-curve (black) of B-%[Bi,Cle(bipy)] (1b).
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Figure S18. DTA- (red) and TG-curve (black) of [Bi:Brs(bipy)2] (2).
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Figure $19. DTA- (red) and TG-curve (black) of [Bixle(bipy).] (3).
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Figure $20. DTA- (red) and TG-curve (black) of [Hbipy-bipy][(Hbipy)BiCli(-bipy)BiCls(bipy)] (5).
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Powder diffraction

a- '[Bi,Cl (bipy),]

relative intensities [a.u.]

oc-;[BizCls(bipy)Z] simulated from SCXRD data

L

5 10 15 20 25 30 35 40 45 50 55 60
26 [°]

Figure S21. Comparison of the obtained powder pattern of a-L[Bi,Cls(bipy).] (1a) with a simulated
diffractogram from SCXRD data illustrating the purity of the synthesized compound.
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B-:[BiQCIS(bipy)z]/ 15Hz, 2min (mechanochemical)

%MMW

B—;[BizCls(bipy)z]/ 100°C (solvothermal; MeCN)

B-; [Bi,Cl (bipy),] / MeCN solution 25°C

o b M e sors

B-'[Bi,Cl (bipy),] / 240°C (BiCl, melt)

B-J[BizCIG(bipy)Q] / 140°C (bipy melt)

B-;[BiZCIs(bipy)z] simulated from SCXRD data

relative intensities [a.u.]
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Figure S22. Comparison of the obtained powder patterns of 3-%[Bi»Cls(bipy).] (1b) according to
different synthesis methods with a simulated diffractogram from SCXRD data illustrating the purity of
the synthesized compounds.
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relative intensities [a.u.]

[BiBr(bipy),] / 25°C, MeCN-solution

1
e

'[Bi,Br(bipy),] / 250°C, BiBr, melt

WM«WW

_j[BizBrﬁ(bipy)z] / 140°C, bipy melt

RN

;[BizBrG(bipy)z] simulated from SCXRD data

5 10 15 20 25 30

35 40 45 50 55 60

26 [*]

Figure $23. Comparison of the obtained powder patterns of L[Bi,Brs(bipy).] (2) according to different

synthesis methods with a simulated diffractogram from SCXRD data illustrating the purity of the

synthesized compounds.
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'[Bi )l (bipy),] / 25°C MeCN-solution

e M At A A

"[Bi, | (bipy),] / 250°C, bipy melt

'[Bi,),(bipy),] / 140°C, bipy melt
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Figure $24. Comparison of the obtained powder patterns of L[Bizls(bipy).] (3) according to different
synthesis methods with a simulated diffractogram from SCXRD data illustrating the purity of the
synthesized compounds.
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[Hpy-py1, [BICl,(bipy)]

I

[pr-py];[BiCI4(bipy)] simulated from SCXRD data

relative intensities [a.u.]

)

5 10 15 20 25 30 35 40 45 50 55 60
26 [°]

Figure $25. Comparison of the obtained powder pattern of [Hpy-py]%[BiCla(bipy)] (4) with a simulated
diffractogram from SCXRD data illustrating the purity of the synthesized compound.
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[Hbipy-bipy][(Hbipy)BICI,(u-bipy)BICl,(bipy)]

relative intensities [a.u.]

[Hbipy-bipyl[(Hbipy)BICl,(u-bipy)BICl,(bipy)]
simulated from SCXRD data

QJWLUJJ

5 10 15 20 25 30 35 40 45 50 55 60
26 []
Figure $26. Comparison of the obtained powder pattern of

[Hbipy-bipy][(Hbipy)BiCls(u-bipy)BiCls(bipy)]Bi.Cls(bipy)2] (5) with a simulated diffractogram from
SCXRD data illustrating the purity of the synthesized compound.
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IR spectroscopy

a-L[Bi,Cls(bipy)2] (1a): ¥= 3087 (w), 3051 (w), 1601 (s), 1530 (w), 1487 (w), 1415 (m), 1218 (m),
1067 (m), 1002 (m), 810 (s), 626 (s) cm™.

B-L[Bi,Cls(bipy).] (1b): 7= 3090 (w), 3048 (w), 1602 (s), 1533 (m), 1489 (w), 1415 (s), 1331 (w), 1219 (s),
1067 (s), 1002 (s), 810 (s), 723 (m) cm™.

L[Bi,Bre(bipy).] (2): 7= 3089 (w), 3049 (w), 1600 (s), 1530 (m), 1486 (w), 1411 (s), 1326 (w), 1215 (s),
1065 (s), 1000 (s), 800 (s), 718 (m) cm™.

L[Bixls(bipy)2] (3): V= 1598 (m), 1521 (w), 1483 (w), 1407 (m), 1316 (w), 1212 (s), 1065 (s), 1001 (s),
800 (s), 719 (w) cm™.

[Hpy:pylL[BiCla(bipy)] (4): V= 3083 (w), 3051 (w), 1598 (s), 1527 (w), 1488 (w), 1411 (m), 1220 (m),
1070 (m), 1000 (m), 806 (s), 625 (m) cm™.

[Hbipy-bipy][(Hbipy)BiCls(u-bipy) BiCls(bipy)] (5): V= 3031 (w), 1596 (s), 1530 (w), 1489 (w), 1220 (m),
1067 (m), 995 (m), 823 (s), 759 (s), 695 (s), 622 (s) cm™.
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Optical properties

[Hbipy -bipy][(Hbipy)BICl (u-bipy)BICl,(bipy)] (5)

kexc= 365 nm
kem= 550 nm

El

S,

Py

‘»

-

2

=

o)

2

© [Hpy py1[BiCl,(bipy)] (4)

o %, =375 nm
A= 440 nm

J

300 350 400 450 500 550 600 650 700
wavelength [nm]

Figure S27. Excitation (black) and emission spectra (red) of [Hpy-py]%[BiCla(bipy)] (4) and
[Hbipy-bipy][(Hbipy)BiCla(u-bipy)BiCla(bipy)]Bi.Cle(bipy).] (5) recorded at 77 K.
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a-'[Bi,Cl(bipy),] (1a)
A= 360 nm

[oyHpy],[BiCl,(bipy)] (4)
A= 375 nm

bipy / iPrOH
A= 300 nm

relative intensity [a.u.]

[Y,Cl(u-bipy)(py)]
Aere= 300 nm

[G,Cl,(H-bipy)(Py),]
)= 300 nm

| | | | | |
400 420 440 460 480 500 520
wavelength [nm]

Figure S28. Comparison of the emission spectra of [Gd,Cls(p-bipy(py)s (black), [Y2Cls(u-bipy(py)s
(blue), a bipy/iPrOH mixture (teal), [Hpy-py]%[BiCla(bipy)] (4, violet) and a-L[Bi,Cls(bipy).] (1a, red)
showing the T:—>So transition of the organic ligand. All spectra were recorded at 77 K.
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S,—S, MLCT LMCT
MLCT

B-.[BiCly(bipy)] (1b)
LMCT Aem = 940 Nm

Aexe = 360 Nnm

relative intensity [a.u.]

o, [BiCly(bipy)] (1a)

Irllrll'll'llGIlrllll'lIl'lllllllllTll'lIl'lll'Ill'lll
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wavelength [nm]

Figure S29. Excitation (black) and emission spectra (red) of a-%[Bi,Cls(bipy).] (1a) and
B-%[Bi>Cls(bipy).] (1b) recorded at room temperature.
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Optical absorption spectra were recorded on a Varian Cary 5000 UV/Vis/NIR spectrometer
in the range of 800-200 nm in diffuse reflectance mode employing a Praying Mantis accessory

(Harrick).

—— - [Bi,Cl.(bipy),] (1b)
—— '[Bi,Br (bipy),] (2)
— '[Bi | (bipy),] (3)

absorbance / a.u.

200 250 300 350 400 450 500 550 600 650 700 750 800
wavelength / nm

Figure $30. Comparison of the UV-Vis-spectra of 1b, 2 and 3.
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Figure S31. Decay curves (black), exponential fit curves (blue) and difference plot (teal) of emission at
430 nm (left) and 550 nm (right) of a-%[Bi»Cls(bipy).] (1a) at room temperature.
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Figure S32. Decay curves (black), exponential fit curves (blue) and difference plot (teal) of emission at
430 nm (left) and 550 nm (right) of B-%[Bi»Cls(bipy).] (1b) at room temperature.

Table S24: Details of decay time and quantum yield determinations on compounds 1a and

1b at room temperature.

Standard
Compound Aem/ NM | Aexe/ NM T . x2 QY /%
deviation
430 376.6 635.49 ns 6.44 ns 1.076
a-L[Bi,Clg(bipy).] (1a) 1184.05 s (49.4 %) 91.46 ps <1
550 365 1.081
3750.65 ps (50.6 %) 146.37 ps
568.50 ns (84.3 %) 114.87 ns
430 376.6 1.144
B-L%[BixCls(bipy).] (1b) 934.28 ns (15.7 %) 118.59 ns <1
550 365 3016.12 ps 39.85 us 1.151
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Figure S33. Decay curves (black), exponential fit curves (blue) and difference plot (teal) of emission at
411 nm (left) and 550 nm (right) of a-%[Bi.Cls(bipy).] (1a) at 77K.
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Figure S34. Decay curves (black), exponential fit curves (blue) and difference plot (teal) of emission at
411 nm (left) and 550 nm (right) of B-%[BiCls(bipy).] (1b) at 77K.
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Figure S35. Decay curves (black), exponential fit curves (blue) and difference plot (teal) of emission at
540 nm (right) of &[Bi,Brs(bipy).] (2) at 77K.
Table S25: Details of decay time determinations on compounds 1a, 1b and 2 at 77 K.
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Standard

Compound Aem/ nM | Aexc/ nm T L. x?
deviation
54.14 ps (12.7 %) 2.77 us
411 365 0.978
160.26 ps (87.3 %) 0.33 us
a-L[Bi,Cls(bipy).] (1a)
175.25 ps (88.4 %) 3.22 us
550 365 1.098
841.63 us (11.6 %) 41.76 ps
27.50 ps (94.5 %) 0.07 us
411 365 1.021
75.88 us (5.6 %) 0.74 ps
B-L[Bi,Cl(bipy).] (1b)
329.96 ps (86.1 %) 7.10 s
550 365 0.992
1577.97 ps (13.9 %) 42.56 ps
103.60 ps (6.2 %) 4.10 ps
L[Bi,Bre(bipy)a] (2) 540 400 1.039
654.88 s (1.5 %) 17.89 us
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Additional Graphics
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Figure S36. Depictions of the orbitals involved in the vertical transitions of the excitations B, E, and F
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Figure S37. Overview of the seven cut-outs of compound 1a that were used for theoretical calculations.
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