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Table S1 ! H NMR of L*® in CDCl.

lor3 2 23 8 and 10 3orl 15 and 17 20 6,12,21,22 7and 11
o/ppm  8.38 7.93 7.86 7.73 7.71 7.54 7.46 7.45 7.45 7.28 —17.38 7.25 7.22
dd IH tI1H ddIH s IH s1H dd 1H d IH d IH dd 1H m 4H dd IH dd IH
J/Hz 8.1;1.2 7.9 6.8;2.2 7.8;1.1 2.4 2.4 6.5;1.3 8.3;1.8 8.3;1.8
4,13,18 9 24 or 26 28 26 or 24 5 14 and 19 25 or 27 29 27 or 25
o/ ppm 4.68 —4.79 4.30 3.61 3.54 3.36 1.45 1.34 1.32 1.29 1.26 1.08
m 6H s2H q2H q4H q2H t 3H t 3H t 3H t 3H t 6H t 3H
J/Hz 7.1 7.1 7.1 7.2 7.1 7.1 7.0 7.2 7.1
Table S2 'H NMR of L** in CDCl,.
15and 17 lor3 2 23 8 and 10 Jorl 20 6,12,21, 22 7orll
o/ppm 839 8.38 8.38 7.93 7.87 7.74 7.70 7.54 7.49 7.33-7.41 7.27
dIH dIH ddIH tI1H dd1H d1H dI1H dd 1H dd 1H m 4H dd 1H
J/Hz 1.9 1.9 8.2; 1.1 7.9 7.3;2.0 1.3 1.3 77,11 74;18 8.6; 1.5
11or7 18 13 4 9 24 and 26 5 19 14 25 and 27
o/ppm 7.25 4.81 4.77 4.75 4.31 3.61 3.36 1.45 1.38 1.29 1.29 1.08
dd IH q2H q2H q2H s2H q2H q2H t 3H t 3H t 3H t 3H t 3H
J/Hz 8.0;1.5 72 7.2 7.1 7.1 7.1 7.1 7.2 7.2 7.1 7.1
Table S3 Definition of least squares planes.
L' L? L’
bpb moiety
terminal 1: Cl1-7, 2: C48-54; 3:C95-101;
benzimidazole NI1-2 NI11-12 N21-22
imidazole 1i: C1,6-7;  2i: C48,53-54; 3i: C95,100-
only N1-2 N11-12 101; N21-22
o 4: C8-12; 5: C55-59; 6: C102-106;
pyridine
N3 N13 N23
bridging 7: C13-19; 8: C60-66; 9:C107-113;
benzimidazole N4-5 N14-15 N24-25
imidazole  7i: C13-14,19; &8i: C60-61,66; 9i: C107-108,
only N4-5 N14-15 113; N24-25
bpa moiety
bridging 10: C21-27;  11: C68-74; 12:Cl115-121;
benzimidazole No6-7 N16-17 N26-27
o 13: C28-32; 14: C75-79; 15: C122-126;
pyridine
N8 N18 N28




Table S4 Angles and distances between least squares planes.

[Pra(L B*5](Cl04)s  [Ndo(L*®):](Cl04)s  [Sma(L BH5](Cl04)s

Planes Angle d Angle d Angle d
1-6 19.4° 3474 A 20.3° 3492 A 20.8° 3479 A
2-4 434° 4247 A 43.0° 4269 A 44.0° 4231 A
3-5 32.6° 3.969 A 31.7° 3.953 A 32.0° 3.887 A
1i-9i 21.2° 4290 A 22.6° 4295 A 20.3° 4291 A

2i-7i 10.9° 3.510 A 10.9° 3.505 A 129° 3.489 A
3i-8i 41.1° 4.141 A 42.1° 4.123 A 43.0° 4.087 A
4-9 38.5° 3.909 A 39.0° 3.905 A 36.8° 3.785 A
5-7 40.4° 4.169 A 39.5° 4172 A 40.9° 4.145 A
6-8 80.1° 4962 A 79.8 ° 4939 A 79.5° 4.896 A
7-12 25.7° 4.191 A 26.1° 4225 A 26.6° 4.240 A
8-10 19.3° 4204 A 19.9° 4259 A 20.2° 4277 A
9-11 279° 4416 A 28.7° 4.449 A 27.2° 4476 A

10-15 279° 3.945 A 29.8° 3.938 A 28.8° 3.867 A

11-13 73.3° 4.836 A 72.0° 4.832 A 74.8 ° 4797 A

12-14 879° 5.182 A 87.7° 5202 A 88.3° 5.159 A

Table S5 Pitch and Ln'-Ln’ distances in L*®* complexes.

Pitch (A)

PI'Z
13.4(2)
d(Ln'-Ln®) (A) 9.093(2) 9.148(3) 9.156(2)

Nd,
13.4(2)

sz

13.3(3)




Table S6 Angles (°) and distances (A) in the coordination polyhedra of LA complexes.

benzimidazole- o (P1-P3) o B ) Distances
Distances
pyridine- (0] 0(P1) interstrand ~ P1-P2 P1 . Ln-P1
carboxamide 0(P3) ®(P1-P2) P1-P3 P2 Py P3 Ln-P2
moiety intrastrand ~ P2-P3 P3 Ln-P3
6.3 12.2 1.605
49(2) 15(3) 1.402
Pr, 175.2 3.1 6.1 0.210
54(4) 56(2) 1.783
6.6 11.6 1.561
4.7 11.5 1.622
48(1) 15(3) 1.434
Nd, 175.7 3.9 6.8 0.194
53(4) 56(2) 1.790
53 10.6 1.586
5.5 11.6 1.619
47(2) 14(3) 1.446
Sm, 175.4 3.8 6.4 0.180
53(5) 56(3) 1.754
6.4 11.0 1.560
Regular tri 1 0(P1) 0 0 0 d(P1-P2)
egular trigona = -P2)=
) s g. 180 0 0
tricapped prism 0(P3) 60 0 0 d(P2-P3)
benzimidazole- o (P4-P6) o B Distances
0(P4) Distances
pyridine- 0] interstrand ~ P4-P5 P4 Ln-P4
- 6(P6) P4 PS5
benzimidazole ®(P4-P5) P4-P6 P5 P56 Ln-P5
moiety intrastrand ~ P5-P6  P6 Ln-P6
4.4 4.6 1.681
51(3) 14(2) 1.655
Pr, 178.2 7.5 8.9 0.036
50(2) 53(2) 1.738
3.5 11.6 1.695
4.1 4.9 1.674
51(3) 13(2) 1.651
Nd, 178.4 7.1 8.9 0.030
51(3) 53(2) 1.722
3.0 11.7 1.686
4.7 3.5 1.658
50(3) 12(1) 1.646
Sm, 178.1 8.2 7.9 0.022
50(3) 55(2) 1.693
3.5 11.4 1.663
Regular tri 1 0(P4) 0 0 0 d(P4-P5)
egular trigona = -P5) =
& s 180 0 0
tricapped prism 0(P6) 60 0 0 d(P5-P6)




Table S7 Assignment of '"H NMR spectra of homobimetallic HHH-[Ln,(L***);]** complexes in CD;CN.

LAB4 LABS

La, Ce, Pr, Nd, Sm, Eu, Lu, La, Ce, Pr, Nd, Sm, Eu, Y, Lu,
H1 7.67 877 953 9.05 781 557 173 7.71 897 979 9.19 788 539 775 775
H2 824 9776 1056 9.58 842 657 823 828 999 1088 975 850 636 827 8.26
H3 824 1020 11.65 1048 8.52 493 8.33 828 10.61 1225 1082 865 453 836 837
H4 446 482 507 471 456 417 4.60 447 499 532 488 470 4.08 461 467
H4' 4.64 5.34 5.91 5.17 4.81 425 473 4.68 5.63 6.28 5.38 4.93 396 476 4.78
H5 149 246 3.05 218 167 071 151 1.51 266 334 233 1.72 047 152 151
H6 7.14  7.01 7.04 739 7.03 642 721 7.16 720 730 757 7.2 624 722 17.25
H7 6.830 6.21 575 621 6.66 752 6.81 6.93 638 593 639 6.81 757 691 6.92
H8 6.02 -3.16 -995 -191 394 14.17 5.52 597 -154 775 -0.74 413 1234 551 5.41
H9 3.41 2.75 2.10 274 3.29 426 3.39 3.47 2.85 2.33 2.83 3.39 436 349 349
HY' 369 286 227 278 349 485 3.63 372 317 257 301 360 451 3.67 3.66
H10 6.12 -526 -14.68 -539 338 18.65 5.60 591 -1.85 -881 -238 4.17 13.57 552 541
Hl11 726 697 668 695 719 765 721 738 713 688 7.14 735 7773 738 17.35
H12 7.54 8.01 8.64 8.61 7.63 593 7.55 7.67 7.88 8.39 8.58 7.72 633 7.71 7.70
H13 4.26 5.93 7.56 6.48 4.26 1.43 436 4.26 4.94 6.18 5.73 4.70 3.05 449 451
H13' 3.66 559 756  6.04 4.68 1.02 3.96 394 468 5381 533 448 295 424 429
H14 1.64 261 3.51 275 186 034 1.58 1.31 202 286 238 1.55 054 144 144
HI15 6.22 857 1125 997 6.65 084 6.21 7.56 8.21 9.81 9.66 7.62 461 752 751
H17 6.44 8.63 11.12 9.97 6.80 1.14 6.33 7.54 8.32 9.95 9.76 7.61 432 748 747
HIS8 388 6.02 7779 639 452 1.12  4.08 428 494 6.12 535 431 295 435 437
H18' 438 6.05 808 6.68 481 1.51 447 452 512 624 587 458 324 457 458
H19 1.53 227 293 237 170 0.64 152 1.49 1.83 230 202 1.57 1.02 148 147
H20 7.65 840 923 895 774 570 7.61 7.69 8.02 8.6l 870 7.72 615 772 7.0
H21 7.29 7.25 7.23 7.25 7.28 7.42 7.26 7.38 7.17 7.03 7.20 7.35 7.63 734 735
H22 6.82 593 507 587 658 797 6.76 6.88 6.15 541 6.02 668 766 682 6.80
H23 698 0.12 -6.03 -052 511 1544 6.48 6.61 260 -224 132 547 1146 631 6.19
H24 3.35 353 395 3,66 346 2.83 333 337 377 428 382 345 260 333 3.35
H24' 3.25 2.86 2.81 3.17 3.22 324 333 3.27 3.08 3.11 333 3.28 3.04 333 3.35
H25 0.92 1.04 1.26 .11 0.99 0.77 1.05 0.87 1.20 1.51 1.23  1.01 0.57 1.02 1.06
H26 2.81 133 047 1.72 249 403 259 2.77 1.58  0.87 193 253 372 263 260
H26' 2.88 233 205 244 264 326 272 2.84 260 245 265 269 295 270 272
H27 071 233 457 -191 006 3.64 0.62 072 -2.15 -431 -1.75 0.10 349 0.64 0.63

H28 3.51 4.12 4.79 4.15 3.56 275 340

H28' 342 412 479 4.15 3.63 253 3.40

H29 1.18 1.73 234 1.87 128 027 1.10




Table S8 Percentages of HHH isomer in [Lny(LAP%)5]% complexes in CD;CN solution at room
temperature. Table S3 Percentages of HHH isomer in [Lny(L*?*);]*" complexes in CD;CN solution at
room temperature.

Ln [ABI [ AB2 [AB3 [ AB4 [ ABS
La 73 20 79 96 60
Ce 69 13 79 95 53
Pr 67 12 87 93 53
Nd 69 15 87 95 55
Sm 65 11 85 95 56
Eu 69 8 85 96 54
Y 63 8 82 61

Lu 68 6 86 94 60




Table S9 Assignment of "H NMR spectra of heterobimetallic HHH-[Ln'Ln*(L*3%),]* complexes in
CD;CN solution.

LaCe LaPr LaNd LaEu LalLu CeLu PrLu NdLu EuLu
H1 920 1033 9.51 501 773 731 694 728  8.26
H2 10.13 1125 999 6.07 824 7.87 755 784 8.1
H3 10.80 12.74 11.12 416 836 7.78 727 773  9.08

H4 559 606 528 349 452 398 350 396 527
H4' 5.80 690 577 349 472 416 3.66 412 545
H5 260 375 258 015 146 1.09 0.76 1.07 1.96
Hé 746 794 788 568 7.05 654 6.08 6.53 7.83
H7 647 631 652 7.05 672 639 608 636 7.23
H8 -0.15 -395 145 1061 564 272 016 247 9.22
H9 287 254 299 391 338 319 3.01 3.11 3.79
HY' 353 344 353 391 3.67 296 234 288 458

H10 3199 125 380 869 6.03 -2.56 -10.41 -3.17 16.17
HI11 7.04  6.81 706 753 727 718 7.2 715 741
HI12 719 692 726 797 7.60 839 927 890 558
H13 385 360 395 468 431 621 818  6.76 1.07
H13' 319 288 328 408 367 6.04 818 636 0.62
H14 1.39 1.23 1.46 192 1.69 284 386 294 0.12
H15 5.71 539 582 6.67 621 9.01 1196 1029 0.39
H17 6.06 583 615 678 644 895 11.62 10.17 0.84
H18 350 330 359 425 389 636 826 6.63 0.74
H18' 408 387 415 473 430 636 8.61 6.90 1.18
HI19 1.30 1.14 1.35 .77 154 252 331 255 041
H20 740 724 746 789 7.66 865 965 914 545
H21 707 693 7.2 749 729 749 7.62 744 721
H22 6.54 637 6.61 7.06 682 625 567 612 772
H23 6.53 624 6.61 737 699 076 -491 0.02 15.03
H24 393 470 408 234 333 296 262 294 382
H24' 324 353 352 277 333 296 264 294 382
H25 1.35 1.87 145 034 106 076 049 0.73 1.44
H26 1.70 120 216 357 257 211 1.71 2.08 3.18
H26' 277 290 294 277 271 233 200 230 3.18
H27 -198 -387 -1.53 325 061 024 -0.08 0.22 1.10
H28 325 330 332 367 349 427 505 427 258
H28' 325 315 323 358 342 427 505 427 237
H29 1.02  0.92 1.05 132 118 1.89 257 198  0.12




Table S10 Assignment of 'H NMR spectra of heterobimetallic HHH-[Ln'Ln*(L*%%),]* complexes in

CD;CN solution.

LaCe LaPr LaNd LaEu LalLu CeLu PrLu NdLu SmLu EuLu

H1 9.19 1026 949 513 7.76 7.54 7.27 7.46 7.70 8.03
H2 1021 11.35 10.05 6.09 827 810 7.85 8.00 8.22 8.50
H3 11.00 13.04 11.29 4.08 838 810 7.74 8.01 8.31 8.75
H4 5.25 5.87 521 358 451 423 389 417 4.51 4.98
H4' 594 689 576 358 476 447 412 438 4.70 5.16
H5 290 3.80 261 0.17 147 1.27 1.04 1.22 1.44 1.75
Ho6 742  7.83 7.85 574  7.06 6.79 6.45 6.74 7.09 7.60
H7 6.53 6.31 6.60 724 684 6.62 6.35 6.57 6.83 7.21
H8 -0.33 431 130 1044 555 4.02 225 3.58 5.15 7.34
H9 292 257 3.03 397 345 331 3.14 3.21 3.46 3.87
H9' 356 342 354 397 370 3.3l 2.84 3.14 3.59 4.20
H10 2.70 1.01 3.57 8.62 591 136 -4.05 -0.12 4.64 1091
H11 7.15 6.93 718 7.65 740 736 7.33 7.34 7.39 7.47
HI12 7.31 7.03 7.38 8.07 7.70 825 9.02 8.87 7.77 5.97
H13 3.85 3.55 394 467 429 532 6.78 6.02 4.64 2.63
H13' 349 317 354 430 388 506 6.50 5.61 4.37 2.68
H14 1.03  0.86 1.13 1.65 1.43 231 3.25 2.57 1.64 0.36
H15 7.00 6.66 7.11 799 7.50 8.66 10.55 997 7.68 4.16
H17 7.14 690 7.23 7.88 7.53 8.65 1046 997 7.67 4.06
H18 396 372 399 460 425 526 @ 6.66 5.71 4.52 2.65
H18&' 423  4.03 430 482 453 544 6.71 6.08 4.64 2.90
H19 1.24 1.09 1.30 1.73 1.51  2.09 271 2.21 1.60 0.80
H20 7.47  7.31 7.53 794 772 830 9.06 8.90 7.77 5.92
H21 717  7.02  7.21 7.58 739 742 745 7.39 7.39 7.42
H22 6.61 642 666 7.13 688 648 595 6.28 6.74 7.42
H23 6.16 587 627 7.04 6.68 322 -121 187 5.60 11.00
H24 402 482 415 231 333 311 2.89 3.06 3.29 3.58
H24° 328 359 360 277 338 316 292 3.09 3.32 3.62
H25 1.38 1.96 147 026 1.05 090 070 0.84 1.02 1.26
H26 1.83 140 220 342 255 230 204 226 2.52 2.85
H26' 287 306 295 263 270 251 2.28 2.44 2.67 2.95
H27 -195 -386 -1.52 324 0.62 043 020 0.36 0.58 0.86




Table S11 Composition in % of L*®* complexes in solution. For hetero pairs, the first mentioned Ln is in
the bpb cavity.

Ln'Ln® Ln’Ln' Lnlz Ln22
Ln' Ln? "r(f’]’;l;fnz) HHH HHT HHT HHH hTe ‘t);?i HHH HHT HHH HHT
La Ce 2 34 14 48 10 41
La Pr 37 41 13 54 24 23
La Nd 53 54 7 6l 16 23
Fu Lu 88 62 62 14 24
La Eu 96 75 75 14 12
Nd Lu 131 68 68 16 16
Pr Lu 147 82 82 13 5
Ce Lu 164 76 76 14 1
La Lu 184 79 79 1 9

Table S12 Composition in % of L*®* complexes in solution. For hetero pairs, the first mentioned Ln is in
the bpb cavity.

Ln'Ln? Ln’Ln' Lnlz Ln22
Lo' Ln? "”(f’;;”’z) HHH HHT HHT HHH hTe (t’:r‘i) HHH HHT HHH HHT
La Ce 2 U 12 9 45 5 12 16 12
La Pr 37 29 9 7 45 17 13 1312
La Nd 53 39 9 4 52 14 10 13 12
La Sm 84 47 9 56 14 11 9 10
Eu Lu 88 39 13 52 15 11 11 11
La Eu 96 48 9 57 0 9 10 15
Sm Lu 10 57 9 66 0o 8 7 9
Nd Lu 131 71 9 80 6 6 5 4
Pr Lu 147 63 7 70 9 9 8§ 5
Ce Lu 164 79 13 92 4 1 2 1
La Lu 184 77 15 92 3 1 1 1




Table S13 Total percentages of heterobimetallic [Ln'Ln*(L***);]*" helicates in CD;CN.

o'l A4 r(Ln'-Ln’) [ ABI [AB2 [ AB3 [ AB4 [ ABS
/ pm
LaCe 2 42 49 48 45
LaPr 3.7 41 48 54 45
LaNd 5.3 51 57 61 52
LaSm 8.4 56
EuLu 8.8 73 21 75 62 52
LaEu 9.6 64 63 75 57
SmLu 10 84 65 66
NdLu 13.1 90 27 70 68 80
PrLu 14.7 95 51 88 82 70
CeLu 16.4 92 60 80 76 92

LalLu 18.4 96 65 87 79 92




Chart S1 Numbering of ligating atoms in L*%*,

N1 N4
N2t N3 N3
N N23 N
A
P
N

RI1-RZ

ve(3)

Proj[v1(2)]

: v1(2)

Figure S1 Definition of angles in the coordination polyhedron. The vectors vu(n), ve(r) and vi(n) are
defined by the Ln atom and the coordinating atoms of ligand # (=1, 2 or 3) in the upper, capping and lower
positions of the tricapped trigonal prism. The angles between them are denoted 6;. The vectors R' and R* go
through the midpoints of the triangles defined by the upper and lower coordinating atoms, respectively. @ is the
angle between them. The projection vectors Proj[vm(n)] are the projections of vectors vm(n) onto a plane
perpendicular to R'-R?. The angles between these vectors are denoted w;. Planes in the coordination polydra are
defined as follows: P1: O1, 02, O3; P2: N8, N18, N28; P3: N6, N16, N26; P4: N4, N14, N24; P5: N3, N13,
N23; P6: N1, N11, N21. The angles o and B are the angles between planes and the angles between a plane and a
plane normal to the molecular (Ln-Ln) axis, respectively.
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