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Supplementary Figures

Supplementary Figure 1. Ortep drawing of the crystal structure of Cd,L", (CIO, salt) at 50% probability
leval.

Supplementary Figure 2. ORTEP drawing of the individual metal centres and ligands in the asymmetrical
unit of Cd,L", at 30% ellipsoids level.



Supplementary Figure 4. Ortep drawing of the crystal structure of LasL"s (CIO, salt) at 50% probability
leval.



Supplementary Figure 5. ORTEP drawing of the individual metal centres and ligands in the asymmetrical
unit of LayL%, at 30% ellipsoids level.

Supplementary Figure 6. ORTEP drawing of the La,L", tetrahedral complex at 30% ellipsoids level.

Supplementary Figure 7. Different crystal packing diagrams for the Cd.(L"), (left) and Las(L) (right)
tetrahedral cages viewing along the ¢ axes.
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Supplementary Figure 8. 'H NMR spectrum of L™ (DMSO, 400 MHz, 298K).
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Supplementary Figure 9. "H NMR spectrum of L*® (DMSO, 400 MHz, 298 K).
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Supplementary Figure 10. *H NMR spectrum of L** (DMSO, 400 MHz, 298 K).
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Supplementary Figure 11. "H NMR spectrum of 4 (CDCls, 400 MHz, 298 K).
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Supplementary Figure 12. *H-"H COSY NMR spectrum of 4 (CDCls, 400 MHz, 298 K).
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Supplementary Figure 13. **C NMR spectrum of 4 (CDCls, 101 MHz, 298 K).
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Supplementary Figure 14. '*H NMR spectrum of 5 (CDCl;, 400 MHz, 298 K).
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Supplementary Figure 15. '"H-"H COSY NMR spectrum of 5 (CDClg, 400 MHz, 298 K).

1 (ppm)



e85 E55 o8 e Mo ® o~
=K-) oo M~ Sncor-lusogars
Wi e EXE- @ @ OO OMNM NGO 0
=R g¥H NN graogolgggmas
- - - MM NANNNNANNN ™~
N Fe S~ e L e
]
1
200 180 160 140 120 100 80 60 40 20
ppm

Supplementary Figure 16. **C NMR spectrum of 5 (CDCls, 101 MHz, 298 K).
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Supplementary Figure 17. '*H NMR spectrum of 6 (CDCls, 400 MHz, 298 K).
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Supplementary Figure 18. "H-"H COSY NMR spectrum of 6 (CDCl;, 400 MHz, 298 K).
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Supplementary Figure 19. **C NMR spectrum of 6 (CDCls, 101 MHz, 298 K).

10



NAME 1i-292-3

5—

b
h
c kK7
d g a i J
[y
; o | : :
rs\: 8 %s‘ ;’s.j [s\z( fzﬁ
o) @ |o3)| © o | [z
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm

Supplementary Figure 20. *H NMR spectrum of L* (CDCls, 400 MHz, 298 K).

A

’ a

g . -

’”
.""
— . .
% " . ‘.

9.0 7.0 5.0 3.0 1.0

ppm
Supplementary Figure 21. "H-"H COSY NMR spectrum of L* (CDCl;, 400 MHz, 298 K).
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Supplementary Figure 23. *H NMR spectrum of L° (CDCls, 400 MHz, 298 K).
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Supplementary Figure 24. '"H-"H COSY NMR spectrum of L° (CDCls, 400 MHz,
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Supplementary Figure 25. **C NMR spectrum of L° (CDCls, 101 MHz, 298 K).
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Supplementary Figure 26. *H NMR spectrum of L® (CDCls, 400 MHz, 298 K).
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Supplementary Figure 27. 'H-"H COSY NMR spectrum of L°® (CDCls, 400 MHz, 298 K).
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Supplementary Figure 28. **C NMR spectrum of L°® (CDCls, 101 MHz, 298 K).
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Supplementary Figure 29. *H NMR spectrum of [Ca,(L"®),](CF5S05)s (CD5CN, 400 MHz, 298 K).
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Supplementary Figure 30. *H-"H COSY NMR spectrum of [Cas(L"®),](CF5SO3)s (CDsCN, 400 MHz, 298

K).
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Supplementary Figure 31. **C NMR spectrum of [Cas(L"°),](CF3SOs)s (CDsCN, 101 MHz, 298 K).
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Supplementary Figure 32. *H NMR spectrum of [Cd4(L"®)s](C1O4)s (CDsCN, 400 MHz, 298 K).

5 . g

1 (ppm)

IER L

' 9:0 o 7:5 o 6:0 o 4:5 o 3:0 o 1:5 '
ppm
Supplementary Figure 33. 'H-"H COSY NMR spectrum of [Cd(L"®)4](ClO.)s (CD5CN, 400 MHz, 298 K).
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Supplementary Figure 34. **C NMR spectrum of [Cd4(L"%)4](ClO.)s (CDsCN, 101 MHz, 298 K).

Supplementary Figure 35. *H NMR spectrum of [Las(L**)4](C1O4)1> (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 36. "H-"H COSY NMR spectrum of [Las(L"")4](ClO4)1, (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 37. **C NMR spectrum of [Las(L"®),](ClO.)1, (CD:CN, 101 MHz, 298 K).
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Supplementary Figure 38. *H NMR spectrum of [Ces(L*®),](CF3SOs):> (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 39. *H-"H COSY NMR spectrum of [Ces(L"®),](CF3SO3)12(CDsCN, 400 MHz, 298
K).
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Supplementary Figure 41. *H NMR spectrum of [Pr4(L"),](CIO4)1> (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 42. 'H-"H COSY NMR spectrum of [Pr4(L"'®),](ClO.)1, (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 43. **C NMR spectrum of [Prs(L"°),](ClO4)1, (CD5CN, 101 MHz, 298 K).
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Supplementary Figure 44. 'H NMR spectrum of [Nds(L*®)4](C1O4):, (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 45. *H-"H COSY NMR spectrum of [Nd4(L"*),](CIO,)1» (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 46. **C NMR spectrum of [Nd4(L"®)4](CIO.)1, (CD5CN, 101 MHz, 298 K).
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Supplementary Figure 47. *H NMR spectrum of [Sm4(L"®),](CIO4)1, (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 48. "H-"H COSY NMR spectrum of [Sm4(L™)4](ClO4)12 (CD3CN, 400 MHz, 298 K).
28 2ERBSIcSRcFSREZ o ® o
=S SeNSNsuNrNalMS 2 5 2
g2 gIITIBERENSUERE g 2 =
N e e e = | I

180 160 140 120 100 80 60 40 20

ppm
Supplementary Figure 49. **C NMR spectrum of [Sma(L"®)4](C1O4):, (CD5CN, 101 MHz, 298 K).
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Supplementary Figure 50. *H NMR spectrum of [Eus(L"®),](C1O4.)1, (CD3CN, 400 MHz, 298 K).
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Supplementary Figure 51. *H-"H COSY NMR spectrum of [Eus(L"®),](ClO4)1, (CD5CN, 400 MHz, 298 K).
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Supplementary Figure 52. **C NMR spectrum of [Eus(L"**),](ClO4):> (CDsCN, 101 MHz, 298 K).
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Supplementary Figure 53. *H NMR spectrum of [Yb4(L"®),J(CF3SO3)1, (CD3sCN, 400 MHz, 298 K).
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Supplementary Figure 54. '"H-"H COSY NMR spectrum of [Yb4(L'®)s](CF3SO3):12(CD5CN, 400 MHz, 298)
K).
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Supplementary Figure 55. **C NMR spectrum of [Yh,(L"®),](CF5S05):, (CD5CN, 101 MHz, 298 K).
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Supplementary Figure 56. *H NMR spectrum of [Lua(L"%)s]J(CF3SO3):, (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 57. *H-"H COSY NMR spectrum of [Lus(L"®),](CF5505):, (CD5CN, 400 MHz, 298

K).
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Supplementary Figure 58. **C NMR spectrum of [Lus(L"),](CF3S0s3)1, (CDsCN, 101 MHz, 298 K).

Supplementary Figure 59. *H NMR spectrum of [Y 4(L")4](ClO.)1, (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 60. "H-"H COSY NMR spectrum of [Y 4(L™")4](ClO4)12 (CD3CN, 400 MHz, 298 K).
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Supplementary Figure 61. **C NMR spectrum of [Y4(L'°),](ClO4)1, (CD5CN, 101 MHz, 298 K).
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Supplementary Figure 62. 'H NMR spectra of L* and [M4(LY),]*%* (M = ca", cd", Y", La", Lu", sm™, ce",

Pr'" Nd", Eu", Yb™) (400 MHz, CD5CN, 298K).
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DOSY spectra
Stokes-Einstein equation
KgT
~6mnr
was applied to estimate the dynamic radius of [M,L%,]** (M = Ca" or Cd") [Ln,L'4]*** complexes. D is
diffusion coefficient obtained from DOSY spectrum, Kz is Boltzmann constant, T is the absolute temperature,
viscosity tested to be 0.343 mPa S, and r is the estimated dynamic radius.
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Supplementary Figure 63. *H DOSY spectrum of [Cau(L"%),](CF5S05)s (CD5CN, 400 MHz, 298 K).
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Supplementary Figure 64. *H DOSY spectrum of [Cd4(L"®),](CIO4)s (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 65. *H DOSY spectrum of [Las(L"%),](C1O4)1» (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 66. *H DOSY spectrum of [Ces(L*%)4](CF3SOs):, (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 67. *H DOSY spectrum of [Pr4(L"%),](CIO.):, (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 68. *H DOSY spectrum of [Nd4(L"*)4](CIO,)1» (CD3CN, 400 MHz, 298 K).
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Supplementary Figure 69. *H DOSY spectrum of [Smu(L*%),](C1O4)» (CD3CN, 400 MHz, 298 K).

35



NAME 1i-335-3-dosy

Frio 5

_L N log(malsfro 1
Date_ 20160525

Time 21.30

INSTRUM spect

PROBHD 5 mm PABBO BB/

PULPROG stebpgpls

=105 1 16384

oL cp3cn

2
4795.396 Hz
0.292688 Ez
1.7083551 sec
70.24

SWH
=100 7

oW 104,267 usee

DE 6.50 usee
TE 2986

L 9501 1.00000000 sec

bl6 000020000 sec

f 1 ] !1 020 0.06000000 sec
— CRAMNEL 1 —

400.1324008 MHz
r A U 18

2 13.00 usec

} 26.00 usec
H

16
400.1324 MHz
125.000000 Hz
4.998 ppm

oF

8192
400.1300000 MHz

EM

[
0.30 Bz

0

1.00

16

oF
400.1300000 Mz
no

o
0.00 Bz
0

Diffusion Constant = 4.198E-10m%S d =2.9 nm

Supplementary Figure 70. *H DOSY spectrum of [Y4(L"%)4](CIO4)1> (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 74. 'H NMR spectrum of [La,(L*)3](Cl10,)s (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 75. *H-"H COSY NMR spectrum of [Lay(L>*)s](ClO.)s (CDsCN, 400 MHz, 298 K).

38



65536
400.1300114

W
pn 8 0.30 Hz
G 0

=
o .
o
[ =]
3
%

d
L
| |\ \ ) P
4 & g8 EeEe
T 4 T T T T T T T T T T
12 1 10 9 8 7 6 5 4 3 2 ppm

Supplementary Figure 76. *H NMR spectrum of [Ce,(L*)s](CF3SOs)s (CD3CN, 400 MHz, 298 K).
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Supplementary Figure 77. *H-"H COSY NMR spectrum of [Ce,(L>*)s](CF3SO3)s (CDCN, 400 MHz, 298

K).
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Supplementary Figure 78. *"H NMR spectrum of [Pr,(L*)3](C10,)s (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 79. 'H-"H COSY NMR spectrum of [Pr,(L**)3](C1O,)s (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 80. *H NMR spectrum of [Nd,(L**)5](C1O4)s (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 81. *H-"H COSY NMR spectrum of [Nd,(L>*)s](ClO.)s (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 82. *H NMR spectrum of [Sm,(L**)5](C104)s (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 83. *H-"H COSY NMR spectrum of [Sma(L>*)5](CIO,)s (CD3CN, 400 MHz, 298 K).

42



@-é 0:--+-Eu
HN—(/
/N\ Io = d e f
=/ HN NH =
)/_Qi
Q. N " mon
N N
Eu----0 i)J_@p
g
I[;’] uo.d(.mé{(; MHzZ
R ;5 U.}E Hz
1 GB - -0
d BC 1.00
n 8
b H
i J
WY | )\
g (2Es [8 8 |8 g
q[ BIGIEIE - o |
T

T T T T T T T T

T T T T T T T T
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 ppm

Supplementary Figure 84. *H NMR spectrum of [Eu,(L**)3](ClO.)s (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 85. *H-"H COSY NMR spectrum of [Eu,(L*)3](Cl04)s (CDsCN, 400 MHz, 298 K).
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Supplementary Figure 86. **C NMR spectrum of [Eu,(L**)3](ClO4)s (CDsCN, 101 MHz, 298 K).
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Supplementary Figure 87. *H DOSY spectrum of [Eu,(L>%)s](C104)s (CD5CN, 400 MHz, 298 K).
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Supplementary Figure 89. *H-"H COSY NMR spectrum of [Y5(L)3](CF3SO3)s (CDSCN, 400 MHz, 298 K).
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Supplementary Figure 90. *H NMR spectrum of [Las(L®)4](CF3SO3):, (CDsCN/CDCls, 400 MHz, 298 K).
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Supplementary Figure 91. 'H-"H COSY NMR spectrum of [Lau(L°),](CFsSO3)1» (CDsCN/CDCl3, 400 MHz,

298 K).
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Supplementary Figure 92. **C NMR spectrum of [Las(L°),](CF3S0s)1, (CD;CN/CDCls, 101 MHz, 298 K).
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Supplementary Figure 93.'H NMR spectrum of [Ce,(L°)4](CF3SOs3)1» (CDsCN/CDCls, 400 MHz, 298 K).
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Supplementary Figure 94. *H-'H COSY NMR spectrum of [Ces(L°),](CF5SO3)1, (CDsCN/CDCls, 400 MHz,
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Supplementary Figure 95.'H NMR spectrum of [Pra(L°)](CF3SO3):, (CDsCN/CDCl3, 400 MHz, 298 K).
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Supplementary Figure 96. *H-"H COSY NMR spectrum of [Pra(L°®),](CF5S03)1, (CDsCN/CDCls, 400 MHz,

298 K).
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Supplementary Figure 97. *H NMR spectrum of [Eus(L°),](CF5S05)1, (CD;CN/CDClg, 400 MHz, 298 K).
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Supplementary Figure 98. *H-"H COSY NMR spectrum of [Eus(L°),](CF3SOs):» (CD;CN/CDCls, 400 MHz,

298 K).
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Supplementary Figure 99. *C NMR spectrum of [Eu4(L°)4](CF3SOs3)1, (CDsCN/CDCls, 101 MHz, 298 K).
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Supplementary Figure 102.*H NMR spectrum of [Eus(L*)4](CF3SO3):> (CDsCN/CDCls, 400 MHz, 298 K).
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Supplementary Figure 103. 'H-'H COSY NMR spectrum of [Eus(L*)](CFsSO3)1, (CDsCN/CDCls, 400
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Supplementary Figure 106. 'H NMR spectra for the titration of L' (0.002M) with Eu(ClO,4); (400 MHz,
CDsCN, 298 K).
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Supplementary Figure 107. 'H NMR spectra for the titration of L' (0.002M) with Ca(ClO,4), (400 MHz,

CDsCN/CDCl; for Ca'/LL'=0-1.2 and CD4CN for Ca'/L'=2.0-5.0, 298 K).
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Supplementary Figure 108. ‘H NMR spectra for the titration of L' (0.002M) with Cd(ClO,), (400 MHz,

CDsCN/CDCl; for Cd"/L'=0-1.0 and CD5CN for Cd"/L'=2.0-5.0, 298 K).

These titration experiments of L* with metal ions (M = Eu", Ca", Cd") confirmed the exclusive formation of

M,L%,; metal-organic complexes when Ry1= 0 — 1 and the high structrual stability of these tetrahedral
complexes in the presence of excess metal ions.
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Supplementary Figure 109.'H NMR spectra for the titration of L? (0.005M) with Eu(ClO4); (CD5CN, 400
MHz, 298 K).
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Supplementary Figure 110. 'H NMR spectra for the titration of L? (0.005M) with Ca(ClO,), (CDsCN, 400

MHz, 298 K).
= 14 . ]
A A &
067eq J’\
A_A lJ\ A A LIt
050eq
033eq
N A .
027¢eq
Al J\ A L
017eq
NN~ J\\ A JULL
0.07 eq
T " MJ.
Oeq
A i Jh _A JL _J 1 J_
10 9 8 7 6 5 4 3 2
Ppm

Supplementary Figure 111. 'H NMR spectra for the titration of L* (0.005M) with Cd(ClO,), (CDsCN, 400
MHz, 298 K).

The titration experiments of L? with metal ions (M = Eu", Ca", Cd") indicated the formation of more than one
kind of metal-organic assembly species with the ratio Ry ; ranging from 0 to 1.0, suggesting a rather low
stability of the monometallic complexes, which hindered its application of in metal ion separation.
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Supplementary Figure 112.*H NMR spectra for the titration of L® (0.005M) with Eu(ClO4); (CD5CN, 400
MHz, 298 K).
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Supplementary Figure 113. '"H NMR spectra for the titration of L® (0.0015M) with Ca(ClOy),

(CD3sCN/CDClg, (v:v=1:3) 400 MHz, 298 K).
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Supplementary Figure 114. 'H NMR spectra for the titration of L°® (0.0015M) with Cd(ClO,),
(CD3CN/CDClg, (v:v=1:3)400 MHz, 298 K).
No successful self-assembly complexes were obtained in the titration experiments of L* with Cd(ClO,),. And it
is worth noting that, both Ca" and Cd" cannot assemble with L® in CD5CN as no clear reaction solution can be
obtained and no *H NMR signals can be acquired. The titration experiments can only be taken in mixture
solution of CD3;CN/CDCl; (v:v=1:3) at a rather low concentration of the ligands, because of the low solubility
of the coordination complexes.
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Supplementary Figure 115.*H NMR spectra for the titration of L° ( 0.002M )with Eu(CF;SO3); (400 MHz,
CD3;CN/CDCl3, 298 K)

58



§‘ | Inversion-Recovery (T1) - o
¥ [H=100] (-2kkexp(-t/TY)) o 2
- Region 9 from 7.927 to-7.812 pm
T1=933. 6ms %
f Integral Region from 11.560 to 11.214 ppm Integral Region from 8.621 to 8.406 ppm
,e“o I[0] = 1.357e-001 A = 8.976e-001 I[0] = 8.275¢-002 A = 1.039¢+000
1 / T1 = 494.5ms TI = 126.0ms
il RSS = 1.534e-003 SD = 1.011e-002 RSS = 2.840e-003 SD = 1.376e-002
n / Integral Region from 10.751 to 10.669 ppm Integral Region from 8.274 to 7.977 ppm
= ““ 1[0] = 4.844e-002 A = 9.388¢-001 1[0] = 7.397¢-002 A = 1.314e+000
= f‘ T1 = 310.5ms TI = 2.188s
1 “YD SS = 1.587e-004 SD = 3.252¢-003 RSS = 6.924¢-003 SD = 2.148e-002
d“ Integral Region from 10.190 to 9.859 ppm Integral Region from 7.927 to 7.812 ppm
| I[0] = 1.576e-001 A = 9.456e-001 I[0] = 7.091e-002 A = 9.876e-001
7 “‘ T1 = 493.6ms T1 = 933.6ms
g -] “ RSS = 3.841e-003 SD = 1.600e-002 RSS = 6.932¢-005 SD = 2.150e-003
| Integral Region from 9.116 to 8.951 ppm Integral Region from 7.531 to 7.333 ppm
(‘3 I[0] = 1.573e-001 A = 9.309¢-001 I[0] = 3.989¢-001 A = 1.028e+000
7 | T1 = 264.1ms Tl = 539.6ms
[ RSS = 1.042¢-003 SD = 8.333e-003 RSS = 1.568¢-002 SD = 3.233e-002
‘ Integral Region from 8.951 to 8.786 ppm Integral Region from 7.316 to 7.085 ppm
o i g‘t I[0] = 9.016e-002 A = 8.842¢-001 I[0] = -9.920e-001 A = 9.391e-001
o T1 = 2879ms T1 = 747.7ms
' ‘ RSS = 1.634e-003 SD = 1.044e-002 RSS = 9.978¢-003 SD = 2.579¢-002
? Integral Region from 8.786 to 8.703 ppm Integral Region from 6.044 to 5.747 ppm
1 | 1[0] = 4.750e-002 A = 8.318e-001 I[0] = 1.188e-002 A = -3.557e+000
ﬁJ) T1 = 530.8ms Tl = 2.800s
] RSS = 5.107¢-004 SD = 5.835¢-003 RSS = 2.624e-002 SD = 4.183e-002
21
o é
f o
T T T

Supplementary Figure 116. Fitting curve of T1 relaxation time of La"'/Ce" mixed-metal self-assembled

5

I
10

T
15

20 [s]

complexes with L* with insets showing the T1 values corresponding to different peaks.

gu—y
R | Inversion-Recovery(T1) o o o
:- - I h] =] [0] (1,2*/\ ‘X/D/(i'D/Tl)) o Integral Region from 6.526 to 6.426 ppm
e 10) = 5463¢:002 A = 9.955¢-001
-{Region 2 f'romé?iﬂl to 11.104 ppm 1 o 1345 ems
0 _[T1=1. 101S O/integral Region from 12395 t0 12039 ppm  Integral Region from 9,166 109.021 ppm  RSS = 1.230e-004 SD = 2.863¢-003
i / 10] = 1573001 A = 9.893¢-001 0] = 1.114e001 A = 9.923¢-001 Integral Region from 6.181 to 6.081 ppm
B T 934.7ms T 819.7ms 100] = 1.471e001 A = 9.603¢-001
ﬂ RSS = 5260-003 SD = 1873¢-002  RSS = 1.844¢-004 SD = 3507¢-003 Tl = 342.4ms
/ Integral Region from 1137110 11.104 ppm  Integral Region from 857610 8.386 ppm ~ RSS = 2.962e-004 SD = 4.444¢-003
= / 10] = 1.009e-001 A = 1.196¢+000 10] = 1.456e-001 A = 9.935¢-001 Integral Region from 6.047 to 5.947 ppm
9 T = Llols TI = 6402ms 10] = 1.797e001 A = 9.546e-001
7 [ RSS = 2733¢-003 SD = 1350e-002  RSS = 9719¢-004 SD = 8.049¢-003 TI = 348.8ms
S _| / Integral Region from 10.513 10 10.424 ppm  Integral Region from 7.584 0 7.362 ppm ~ RSS = 6.575¢-004 SD = 6.621-003
o g 10] = 1.070e-001 A = 9.470e-001 10) = 3.889-003 A = -1642¢+001 Integral Region from 5.925 to 5.780 ppm
& / TI = 456.6ms TI = 2821Is 1[0] = -8423¢-002 A = 1.179¢+000
4 “' RSS = 1500-004 SD = 3256e-003  RSS = 2318¢-002 SD = 3931e-002 Tl = 8233ms
| Integral Region from 1030210 10.113 ppm  Integral Region from 727210 7.128 ppm ~ RSS = 9.799¢-003 SD = 2.556¢-002
1 I 0] = 1.977¢-001 A = 9.498¢-001 10] = -2.103¢-001 A = 9.830e-001 Integral Region from 5.747 to 5.457 ppm
| | TI = 620Ims T 538.6ms 10] = -3.951e-001 A = 8.788¢-001
0 o RSS = 0.107¢-004 SD = 7.792¢-003  RSS = 4.075¢-003 SD = 1648¢-002 TI = 189.5ms
o ( Integral Region from 10.101 109956 ppm  Integral Region from 7.117107.028 ppm ~ RSS = 6.391¢-003 SD = 2.064¢-002
' 0] = -2170e-002 A = -3.074e-002  I[0] = -2.037¢-001 A = 9.168¢-001 Integral Region from 5.134 to 4.989 ppm
1 | TI = 9122ms TI = 5813ms 1[0] = 2.660e-002 A = 1.708¢+000
J [ RSS = 6719¢-003 SD = 2116e-002  RSS = 3.062¢-003 SD = 1420002 TI = 1.090s
| Integral Region from 9.945 10 9.767 ppm Integral Region from 6.771 106682 ppm ~ RSS = 2.038¢-003 SD = 1.166e-002
4 o° 1[0] = -1.888¢-001 A = 9.541¢-001 10] = 5.350¢-000 A = -9.579¢+005 Integral Region from 3.876 to 3.497 ppm
B | TI = 153.8ms TI = 3723 1[0] = 9.466e-001 A = 1.019¢+000
P RSS = 4022¢-003 SD = 1.637¢-002  RSS = 8.070¢-004 SD = 7.335¢-003 Tl = 635.0ms
— ? RSS = 3.117¢-002 SD = 4.558¢-002
T I T T T I T T T T T T
0 5 10 15 [s]

Supplementary Figure 117. Fitting curve of T1 relaxation time of La"'/Pr"' mixed-metal self-assembled

complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 118. Fitting curve of T1 relaxation time of Ce"'/Nd"" mixed-metal self-assembled

complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 119. Fitting curve of T1 relaxation time of Ce"'/Sm"' mixed-metal self-assembled

complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 120. Fitting curve of T1 relaxation time of Ce"'/Yb"' mixed-metal self-assembled
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complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 121. Fitting curve of T1 relaxation time of Pr'"/Sm"' mixed-metal self-assembled

complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 122. Fitting curve of T1 relaxation time of Pr"'/Eu"" mixed-metal self-assembled
complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 123. Fitting curve of T1 relaxation time of Pr'"'/Yb"" mixed-metal self-assembled
complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 124. Fitting curve of T1 relaxation time of Nd"'/Sm"" mixed-metal self-assembled
complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 125. Fitting curve of T1 relaxation time of Nd"/Eu"" mixed-metal self-assembled
complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 126. Fitting curve of T1 relaxation time of Nd"'/Y"' mixed-metal self-assembled
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complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 127. Fitting curve of T1 relaxation time of Nd""/7Yb"' mixed-metal self-assembled
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complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 128. Fitting curve of T1 relaxation time of Sm"/Y"" mixed-metal self-assembled
complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 129. Fitting curve of T1 relaxation time of Sm"'/Yb"' mixed-metal self-assembled

complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 130. Fitting curve of T1 relaxation time of Eu"'/Y"' mixed-metal self-assembled
complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 131. Fitting curve of T1 relaxation time of Eu"'/Yb" mixed-metal self-assembled
complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 132. Fitting curve of T1 relaxation time of La"'/Ce"' mixed-metal self-assembled
complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 133. Fitting curve of T1 relaxation time of La"'/Pr'"" mixed-metal self-assembled
complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 134. Fitting curve of T1 relaxation time of Ce"'/Nd"' mixed-metal self-assembled

complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 135. Fitting curve of T1 relaxation time of Ce"'/Sm"' mixed-metal self-assembled

complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 136. Fitting curve of T1 relaxation time of Pr'"'/Sm"' mixed-metal self-assembled

—
"g — Inversion-Recovery (T1) o o
T A 10t]=1[0] (1-2#A%exp (-t/T1)) T S
Region 7 from 7.397 to 7.334-PPMC  1cprat Region from 10367 to 10270 ppm Integral Region from 7.397 to 7.334 ppm
o |Ti=1.349s /o I0] = -1.192-001 A = 9229e-001  I[0] = 2953e-001 A = 9.268e-001
s = / TI = 3419ms TI = 1349
RSS = 9.001e-003 SD = 2450c-002 RSS = 1.580e-002 SD = 3246e-002
f Integral Region from 10.249 t0 10.186 ppm  Integral Region from 7.272 to 7.153 ppm
/ ° 1[0] = 2.488¢-002 A = 1.728¢+000 I[0] = -4.791e-001 A = 1.046e+000
8 | L T = 1212ms T = 2759
N / RSS = 2230e-003 SD = 1219¢-002 RSS = 7.886e-002 SD = 7.251e-002
/ Integral Region from 9.175 0 9.049 ppm  Integral Region from 7.153 to 7.042 ppm
/ 0] = 7.991e-002 A = 9.831e-001 1[0] = -1.022¢+000 A = 9.819¢-001
o T = 2292 TI = 1510s
© 1) RSS = 1.302e-002 SD = 2946002 RSS = 5.376e-002 SD = 59§7¢-002
Integral Region from 8.547 0 8359 ppm  Integral Region from 6.679 0 6.560 ppm
ov/‘ 1[0] = -5.728¢-001 A = 8.759-001 1[0] = -6.005¢-001 A = 9.753¢-001
& / TI = §755ms T = 13108
o | o/ RSS = 1308¢-001 SD = 9339¢:002 RSS = 1246¢-001 SD = 9.114¢-002
‘:‘ le) ‘,‘ Integral Region from 7.788 to 7.648 ppm Integral Region from 6.393 t0 6.323 ppm
/ 10) = -3.050e-001 A = 9.090e-001  I[0] = -7.043¢-002 A = 1369¢+000
/ TI = 4549ms TI = 2420
= 9 RSS = 4.995¢-002 SD = 5770e-002 RSS = 3.512¢-002 SD = 4.839-002
3 =] "j Integral Region from 7.606 0 7.544 ppm  Integral Region from 5.257 to 5.124 ppm
P [ 10) = 9.523¢:002 A = 8421e-001  I[0] = 2897¢-001 A = 1.033¢+000
TL = 2708 TI = 4394ms
1 5 RSS = 7.940e-003 SD = 2.301e-002 RSS = 1.044¢-001 SD = 8.342¢-002
1 o
E T T T T T T T T T T T T
0 2 4 6 8 [s]

complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 137. Fitting curve of T1 relaxation time of Pr'"'/Eu'"" mixed-metal self-assembled
complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 138. Fitting curve of T1 relaxation time of Nd"'/Sm"" mixed-metal self-assembled
complexes with L* with insets showing the T1 values corresponding to different peaks.
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Supplementary Figure 139. Fitting curve of T1 relaxation time of Nd"/Eu"" mixed-metal self-assembled

complexes with L* with insets showing the T1 values corresponding to different peaks.
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(C) La/Ca™ mixed-metal self-assembly
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Supplementary Figure 140. *H NMR spectra (400 MHz, CD3CN, 298K) for [CasL%]*" (A), [La,L'4]*** (B)
and La""/Ca" mixed-metal self-assembled complexes (CIO4  salt) (C).

Absolute metal ion self-recognition assembly (at 40<C for 1h) of L' (0.01 M) with La"' was obtained according
to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 141. "H NMR spectra (400 MHz, CDsCN, 298K) for [Cd,L',]*" (A), [LasL'4]*** (B)
and La"'/Cd" mixed-metal self-assembled complexes with L* (CIO, salt) (C).

Absolute metal ion self-recognition assembly (at 40<C for 1h) of L' (0.01 M) with La"" was obtained according
to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 142. *H NMR spectra (400 MHz, CD3CN, 298K) for [La,L%]%" (A), [Ce L 4]*** (B)
and La"'/Ce"" mixed-metal self-assembled complexes with L* (CIO, salt) (C) with spectra zoomed in over
some of the peak ranges selected for the integrals.
Non-absolute metal ion self-recognition assembly (at 40<C for 1h) of L' (0.01 M) with La"'/Ce"" mixtures
(0.01 M of each), with 89.3 percent Ce' and 10.7 percent La"" in the assembled complexes, was observed
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.

(B) La™/Ce'™" mixed-metal self-assembly after reacting at 65° C for 2 days
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Supplementary Figure 143. '"H NMR spectra (400 MHz, CDsCN, 298K) of La"'/Ce"' mixed-metal self-
assembled complexes with L' (ClO, salt)
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Supplementary Figure 144. *H DOSY spectra (CDsCN, 400 MHz, 298 K) of La"'/Ce"" mixed-metal self-
assembled complexes with L (ClO, salt).
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Supplementary Figure 145.'H NMR spectra (400 MHz, CD;CN, 298K) for [LasL'4]%" (A), [PrsL']"*" (B)
and La"'/Pr'"" mixed-metal self-assembled complexes with L* (CIO,” salt) (C) with spectra zoomed in over
some of the peak ranges selected for the integrals.

Non-absolute metal ion self-recognition assembly (at 40<C for 1h) of L* (0.01 M) with La"'/Pr'"" mixtures (0.01
M of each), with 88.50 percent Pr'' and 11.50 percent La"' in the assembled complexes, was observed
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 146.'H NMR spectra (400 MHz, CD5CN, 298K) for [La,L4]®" (A), [Nd,L'4]*** (B)
and La"'/Nd"" mixed-metal self-assembled complexes with L* (CIO, salt) (C).
No spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 147.'"H NMR spectra (400 MHz, CD3CN, 298K) for [LasL'.]*** (A), [SmaL']*" (B)
and La"/Sm""' mixed-metal self-assembled complexes with L* (ClO, salt) (C).

Complete metal ion self-recognition assembly (at 40<C for 1h) of L' (0.01 M) with Sm"' was obtained
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 148."H NMR spectra (400 MHz, CD3CN, 298K) for [LasL']** (A), [EusL*a]**" (B)
and La""/Eu"" mixed-metal self-assembled complexes with L* (ClO, salt) (C).

Complete metal ion self-recognition assembly (at 40°C for 1h) of L' (0.01 M) with Eu"' was obtained
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 149.'H NMR spectra (400 MHz, CD5CN, 298K) for [La,L"s]"*" (A), [Y.L%]** (B)
and La"'7Y"" mixed-metal self-assembled complexes with L* (CIO, salt) (C).

Complete metal ion self-recognition assembly (at 40<C for 1h) of L* (0.01 M) with Y"' was obtained according
to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 150.'H NMR spectra (400 MHz, CD4sCN, 298K) for [LasL’]**" (A), [YbsL'a]"*" (B)
and La"'7Yb"' mixed-metal self-assembled complexes with L* (CF;SO5  salt) (C).

Complete metal ion self-recognition assembly (at 40<C for 1h) of L' (0.01 M) with Yb"' was obtained
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 151."H NMR spectra (400 MHz, CD3CN, 298K) for [LasL']** (A), [LusL*]"*" (B)
and La"/Lu"" mixed-metal self-assembled complexes with L' (ClO,  salt) (C).

Complete metal ion self-recognition assembly (at 40<C for 1h) of L' (0.01 M) with Lu"' was obtained
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.

76



JLWJLJ\,W/\M_

T T T T T \ T

11.2 11.0 ppm 10.0 9.8 ppm 8.3 8.2 ppm. 6.0 59 ppm

034

(C) Ce™Nd™ mixed-metal self-assembly

L
(B) [Nd,L!,]*>*
-

(A) [Ce L)'

L

T T T T T T T T T 1

13 12 1 10 9 8 7 6 5 ppm

Supplementary Figure 152.'H NMR spectra (400 MHz, CD5CN, 298K) for [Ce,L'4]*** (A), [Nd4L]** (B)
and Ce"'/Nd"" mixed-metal self-assembled complexes with L' (CIO, salt) (C) with spectra zoomed in over
some of the peak ranges selected for the integrals.

Non-absolute metal ion self-recognition assembly (at 40<C for 1h) of L' (0.01 M) with Ce"'/Nd"" mixtures
(0.01 M of each), with 85.47 percent Nd"' and 14.53 percent Ce'"" in the assembled complexes, was observed
according to the 'H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 153.*H NMR spectra (400 MHz, CD5CN, 298K) for [CesL']*" (A), [SmaL]** (B)
and Ce"'/Sm"" mixed-metal self-assembled complexes with L' (ClO, salt) (C) with spectra zoomed in over
some of the peak ranges selected for the integrals.

Non-absolute metal ion self-recognition assembly (at 40C for 1h) of L' (0.01 M) with Ce"'/Sm"" mixtures
(0.01 M of each) with 93.46 percent Sm"" and 6.54 percent Ce"" in the assembled complexes, was observed
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 154. *H NMR spectra (400 MHz, CD5CN, 298K) for [Ce,L'4]*** (A), [EusL’4]**" (B)
and Ce""/Eu"" mixed-metal self-assembled complexes with L* (ClO,” salt) (C).

Complete metal ion self-recognition assembly (at 40<C for 1h) of L' (0.01 M) with Eu"' was obtained
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 155. *H NMR spectra (400 MHz, CD5CN, 298K) for [Ce,L"]"*" (A), [Y.L']*" (B)
and Ce"'/Y"" mixed-metal self-assembled complexes with L* (ClO, salt) (C).

Complete metal ion self-recognition assembly (at 40<C for 1h) of L* (0.01 M) with Y

" was obtained according

to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 156. *H NMR spectra (400 MHz, CDsCN, 298K) for [Ce,L14]*** (A), [YbaL'4]** (B)
and Ce"'/Yb"" mixed-metal self-assembled complexes with L' (CF;SO; salt) (C).

ESI-TOF-MS measurement indicates non-absolute metal ion self-recognition assembly of L* with Ce"'/Yb"
mixtures. However, the severe line-broadening of the '"H NMR spectrum caused by paramagnetism of Yb'"

hinders precise quantitation of different lanthanide ions in the assembled complexes through integration of the
NMR spectra.
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Supplementary Figure 157. "H NMR spectra (400 MHz, CD5CN, 298K) for [CesL4]**" (A), [LusL"4]"** (B)
and Ce"'/Lu"" mixed-metal self-assembled complexes with L* (CF;SO;™ salt) (C).
Complete metal ion self-recognition assembly (at 40<C for 1h) of L' (0.01 M) with Lu"' was obtained
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 158. *H NMR spectra (400 MHz, CD5CN, 298K) for [Pr,L*]**" (A), [SmsL%]™" (B)
and Pr'"'/Sm"" mixed-metal self-assembled complexes with L* (CF;SO; salt) (C) with spectra zoomed in over
some of the peak ranges selected for the integrals.
Non-absolute metal ion self-recognition assembly (at 40<C for 1h) of L' (0.01 M) with Pr"'/Sm"" mixtures
(0.01 M of each), with 93.46 percent Sm"" and 6.54 percent Pr'" in the assembled complexes, was observed
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 159. "H NMR spectra (400 MHz, CD5CN, 298K) for [PrsL*]"*" (A), [EusL'4]** (B)
and Pr'"/Eu"" mixed-metal self-assembled complexes with L! (CF;SO;™ salt) (C) with spectra zoomed in over
some of the peak ranges selected for the integrals.

Non-absolute metal ion self-recognition assembly (at 40<C for 1h) of L' (0.01 M) with Pr'""/Eu"" mixtures
(0.01 M of each), with 95.24 percent Eu'"' and 4.76 percent Pr'"" in the assembled complexes, was observed
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 160. *H NMR spectra (400 MHz, CD5CN, 298K) for [PriL%]** (A), [Y.L']*" (B)
and Pr'"'/Y"" mixed-metal self-assembled complexes with L* (ClO, salt) (C).

Complete metal ion self-recognition assembly (at 40<C for 1h) of L' (0.01 M) with Y" was obtained according
to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 161. *H NMR spectra (400 MHz, CD3CN, 298K) for [PrsL']"*" (A), [YbsL'4]** (B)
and Pr'"'7Yb"" mixed-metal self-assembled complexes with L* (CF;SO;  salt) (C).

ESI-TOF-MS measurement indicates non-absolute metal ion self-recognition assembly of L* with Ce"'/vb"
mixtures. However, the severe line-broadening of the *H NMR spectrum caused by paramagnetism of Yb"'
hinders precise quantitation of different lanthanide ions in the assembled complexes through integration of the
NMR spectra.
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Supplementary Figure 162. 'H NMR spectra (400 MHz, CD4CN, 298K) for [Pr,L%]*** (A), [LusL " (B)
and Pr'"'/Lu"" mixed-metal self-assembled complexes with L* (CIO,” salt) (C).
Complete metal ion self-recognition assembly (at 40<C for 1h) of L' (0.01 M) with Lu" was obtained
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 163. "H NMR spectra (400 MHz, CD,CN, 298K) for [Nd,L'4]** (A), [Sm4L%]*** (B)
and Nd"'/Sm"" mixed-metal self-assembled complexes with L* (CF;SO; salt) (C) with spectra zoomed in over
some of the peak ranges selected for the integrals.

Non-absolute metal ion self-recognition assembly (at 40<C for 1h) of L' (0.01 M) with Nd"//Sm"" mixtures
(0.01 M of each), with 85.47 percent Sm"" and 14.35 percent Nd"" in the assembled complexes, was observed
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 164. *H NMR spectra (400 MHz, CD5CN, 298K) for [Nd,L',]**" (A), [EusL']*** (B)
and Nd""/Eu"" mixed-metal self-assembled complexes with L* (CF;SO; " salt) (C) with spectra zoomed in over
some of the peak ranges selected for the integrals.

Non-absolute metal ion self-recognition assembly (at 40<C for 1h) of L' (0.01 M) with Nd""/Eu"" mixtures
(0.01 M of each), with 92.59 percent Eu"" and 7.40 percent Nd"' in the assembled complexes, was observed
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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SupPIementary Figure 165. '"H NMR spectra (400 MHz, CD3CN, 298K) [Nd4L LI (A), [Y4L]™ (B) and
Nd"'/Y" mixed-metal self-assembled complexes with L' (CF;SO;™ salt) (C) with spectra zoomed in over some
of the peak ranges selected for the integrals.

Non-absolute metal ion self-recognition assembly (at 40<C for 1h) of L* (0.01 M) with Nd"'//Y"" mixtures (0.01
M of each), with 83.33 percent Y"' and 16.67 percent Nd"' in the assembled complexes, was observed
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 166. *H NMR spectra (400 MHz, CD5CN, 298K) for [NdsL]*** (A), [YbsL]** (B)
and Nd"'/7Yb"" mixed-metal self-assembled complexes with L* (CF;SO3 ™ salt) (C).

ESI-TOF-MS measurement indicates non-absolute metal ion self-recognition assembly of L* with Ce"'/Yb"'
mixtures. However, the severe line-broadening of the *H NMR spectrum caused by paramagnetism of Yb"'
hinders precise quantitation of different lanthanide ions in the assembled complexes through integration of the
NMR spectra.
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Supplementary Figure 167. *H NMR spectra (400 MHz, CD5CN, 298K) for [NdsL'4]** (A), [LusL 4]** (B)
and Nd"/Lu"' mixed-metal self-assembled complexes with L* (CIO,” salt) (C).

Complete metal ion self-recognition assembly (at 40<C for 1h) of L' (0.01 M) with Lu" was obtained
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.



46

g
T )

5.0 ppm

0.

T T T
10.5 10.4 10.3 ppm

o
o

(C) Sm"/Y" mixed-metal self-assembly

o4

2 _ sl8

(B[ ™2 =i = i
1 | J_LL 1

(A) [SlmLH]“‘
A A /J\ I JU[ A

T T T T T T T T T T T T 1
15 110 105 100 95 90 85 80 75 70 65 60 55 50 ppm

Supplementary Figure 168. "H NMR spectra (400 MHz, CD5CN, 298K) for [Sm,L"]**" (A), [Y.L"]"*" (B)
and Sm"/Y"" mixed-metal self-assembled complexes with L* (CF;SO5 salt) (C) with spectra zoomed in over
some of the peak ranges selected for the integrals.

Non-absolute metal ion self-recognition assembly (at 40<C for 1h) of L' (0.01 M) with Sm"'/Y"" mixtures
(0.01 M of each), with 68.49 percent Y"' and 31.51 percent Sm"" in the assembled complexes, was observed
according to the 'H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 169. *H NMR spectra (400 MHz, CD5CN, 298K) for [SmaL]**" (A), [YhsL'4]*" (B)
and Sm"'7Yb"" mixed-metal self- assembled complexes with L* (CF;SO; salt) (C).

ESI-TOF-MS measurement indicates non-absolute metal ion self-recognition assembly of L* with Ce"'/Yb"'
mixtures. However, the severe line-broadening of the *H NMR spectrum caused by paramagnetism of Yb"'

hinders precise quantitation of different lanthanide ions in the assembled complexes through integration of the
NMR spectra.
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Supplementary Figure 170. *H NMR spectra (400 MHz, CD5CN, 298K) for [SmaL%]"** (A), [LusL'4]*** (B)
and Sm""/Lu"" mixed-metal self- assembled complexes with L* (CIO, salt) (C).

Complete metal ion self-recognition assembly (at 40<C for 1h) of L' (0.01 M) with Lu"' was obtained
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 171. "H NMR spectra (400 MHz, CD5CN, 298K) for [Eu,L%]"*" (A), [Y.L%]** (B)
and Eu"'/Y"" mixed-metal self-assembled complexes with L' (CF;SO;~ salt) (C) with spectra zoomed in over
some of the peak ranges selected for the integrals.

Non-absolute metal ion self-recognition assembly (at 40<C for 1h) of L' (0.01 M) with Eu""/Y"" mixtures (0.01
M of each), with 60.61 percent Y"' and 39.39 percent Eu" in the assembled complexes, was observed
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.

86



(C) Eu"™Yb" mixed-metal self-assembly
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Supplementary Figure 172. "H NMR spectra (400 MHz, CD5CN, 298K) for [EusL",]"*" (A), [YhsL's]*** (B)
and Eu"'/Yb" mixed-metal self-assembled complexes with L* (CF;SO;™ salt) (C).

ESI-TOF-MS measurement indicates non-absolute metal ion self-recognition assembly of L* with Ce"'/Yb"'
mixtures. However, the severe line-broadening of the '"H NMR spectrum caused by paramagnetism of Yb'"
hinders precise quantitation of different lanthanide ions in the assembled complexes through integration of the
NMR spectra.
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Supplementary Figure 173. '"H NMR spectra (400 MHz, CD5CN, 298K) for [EusL4]**" (A), [LusL"4]"** (B)
and Eu"'/Lu"" mixed-metal self-assembled complexes with L* (CIO,” salt) (C).

Complete metal ion self-recognition assembly (at 40<C for 1h) of L' (0.01 M) with Lu" was obtained
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 174. *H NMR spectra (400 MHz, CD5CN, 298K) of La""'/Nd"" mixed-metal self-

assembled complexes with L* (ClO, salt) with stoichiometric ratio as La" : Nd"' : L' =0.5: 0.5 :1.
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Supplementary Figure 175. *H NMR spectra (400 MHz, CD5CN, 298K) of La"'/Eu""' mixed-metal self-
assembled complexes with L* (CFsSO; salt) with the metal and ligand ratio as La" : Eu" : L' = 0.5: 0.5 :1.
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Supplementary Figure 176. *H NMR spectra (400 MHz, CD5CN, 298K) of La"'/Lu"" mixed-metal self-
assembled complexes with L* (CF;SO5 salt) with the metal and ligand ratio as La"' : Lu™ : L*=0.5: 0.5 :1.
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Supplementary Figure 177. "H NMR spectra (400 MHz, CD3CN, 298K) for [La,L%]%" (A), [Ce,L%]°" (B)
and La"'/Ce"' mixed-metal self-assembled complexes with L* (ClO, salt) (C).

The unattributable peaks in the range of 12-13.5ppm in the above spectrum (C) make it difficult to determine
the proportion of two kinds of metal ions through integration of the *H NMR spectrum.
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Supplementary Figure 178. 'H NMR spectra (400 MHz, CD5CN, 298K) for [La,L5]°" (A), [Pr.L%]%" (B)
and La"'/Pr'"" mixed-metal self-assembled complexes with L* (CIO, salt) (C) with spectra zoomed in over
some of the peak ranges selected for the integrals.

Non-absolute metal ion self-recognition assembly (at 40<C for 1h) of L* (0.0075 M) with La"'/Pr"" mixtures
(0.005 M of each), with 71.43 percent Pr'"' and 28.57 percent La"" in the assembled complexes, was observed
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 179. "H NMR spectra (400 MHz, CDCN, 298K) for [La,L%]%" (A), [Nd,L%]** (B)
and La"'/Nd"" mixed-metal self-assembled complexes with L* (ClO, salt) (C) with spectra zoomed in over
some of the peak ranges selected for the integrals.

No spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 180. *H NMR spectra (400 MHz, CD5CN, 298K) for [Ce,L%]" (A), [Nd,L3]®" (B)
and Ce"'/Nd"" mixed-metal self-assembled complexes with L® (ClO,” salt) (C) with spectra zoomed in over
some of the peak ranges selected for the integrals.

Non-absolute metal ion self-recognition assembly (at 40<C for 1h) of L® (0.0075 M) with Ce"'/Nd"" mixtures
(0.005 M of each), with 78.74 percent Nd"' and 21.26 percent Ce'" in the assembled complexes, was observed
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 181. *H NMR spectra (400 MHz, CDsCN, 298K) for [Ce,L%]%" (A), [Sm,L%5]%* (B)
and Ce"'/Sm'"" mixed-metal self-assembled complexes with L* (CF;SO5  salt) (C) with spectra zoomed in over
some of the peak ranges selected for the integrals.

Non-absolute metal ion self-recognition assembly (at 40C for 1h) of L® (0.0075 M) with Ce"'/Sm"" mixtures
(0.005 M of each) with 89.29 percent Sm"' and 10.71 percent Ce'" in the assembled complexes, was observed
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 182. '"H NMR spectra (400 MHz, CD5CN, 298K) for [PrL%5]%" (A), [SmyL%]% (B)
and Pr'"'/Sm"" mixed-metal self-assembled complexes with L3 (CF;SO; salt) (C) with spectra zoomed in over
some of the peak ranges selected for the integrals.

Non-absolute metal ion self-recognition assembly (at 40<C for lh? of L* (0.0075 M) with Pr'"/Sm"" mixtures
(0.005 M of each), with 88.50 percent Sm'" and 11.50 percent Pr'"" in the assembled complexes, was observed
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 183. *H NMR spectra (400 MHz, CD3CN, 298K) for [ProL%]%" (A), [Eu,L%]%" (B)
and Pr'"'"/Eu"" mixed-metal self-assembled complexes with L* (CF;SO5  salt) (C) with spectra zoomed in over
some of the peak ranges selected for the integrals.

Non-absolute metal ion self-recognition assembly (at 40<C for 1h) of L® (0.0075 M) with Pr'"/Eu"" mixtures
(0.005 M of each), with 92.59 percent Eu"" and 7.41 percent Pr'" in the assembled complexes, was observed
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 184. *H NMR spectra (400 MHz, CD;CN, 298K) for [Nd,L5]** (A), [Sm,L3:]*" (B)
and Nd"/Sm" mixed-metal self-assembled complexes with L* (CIO, salt) (C) with spectra zoomed in over

some of the peak ranges selected for the integrals.

Non-absolute metal ion self-recognition assembly (at 40<C for 1h) of L* (0.0075 M) with Nd"'/Sm"" mixtures
(0.005 M of each), with 78.74 percent Sm'"" and 21.26 percent Nd"" in the assembled complexes, was observed
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 185. "H NMR spectra (400 MHz, CD5CN, 298K) for [Nd,L%]%* (A), [Eu,L%]%* (B)
and Nd"/Eu"' mixed-metal self-assembled complexes with L* (CIO,” salt) (C) with spectra zoomed in over
some of the peak ranges selected for the integrals.

Non-absolute metal ion self-recognition assembly (at 40<C for 1h) of L (0.0075 M) with Nd"'/Eu"" mixtures
(0.005 M of each), with 87.72 percent Eu"" and 12.28 percent Nd"" in the assembled complexes, was observed
according to the "H NMR characterization and no spectra change in (C) was observed even after 2 weeks.
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Supplementary Figure 186. *H NMR spectra (400 MHz, CD5CN, 298K) for [La,L*5]** (A), [Sm,L%]%" (B)
and La"/Sm"" mixed-metal self-assembled complexes with L (CF;SO; salt) (C).
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Supplementary Figure 187. 'H NMR spectra (400 MHz, CD4CN, 298K) for [La,L%]% (A), [Y,L%]* (B) and
La"'/Y" mixed-metal self-assembled complexes with L (CF5SO; salt) (C).
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SuPpIementary Figure 188. '"H NMR spectra (400 MHz, CD4CN, 298K) for [Pr,L%]%" (A), [Y.L%]* (B) and
Pr''/Y" mixed-metal self-assembled complexes with L® (CF;SO; salt) (C).
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Supplementary Fugure 189. 'H NMR spectra (400 MHz, CDsCN/CDCls, 298K) for [La,L%]"** (A),
[CesL’,]** (B), La""/Ce" mixed-metal self-assembled (C) and La"'/Ce"" mixed-metal self-assembled
complexes after extraction with water (D)(CF3SO; salt).
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Supplementary Figure 190. *H NMR spectra (400 MHz, CD3CN/CDCl,, 298K) for [LasL%]"* (A),
[Pr,L%]"" (B), La""/Pr"" mixed-metal self-assembled (C) and La"'/Pr'"" mixed-metal self-assembled complexes
after extraction with water (D)(CFsSO;  salt).
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Supplementary Figure 191. 'H NMR spectra (400 MHz, CD;CN/CDCls, 298K) for [LasL%]"" (A),
[EusL®]** (B), La"/Eu™" mixed-metal self-assembled (C) and La"'/Eu""" mixed-metal self-assembled
complexes after extraction with water (D)(CF3SO; salt).
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Supplementary F| ure 192. 'H NMR spectra (400 MHz, CD;CN/CDCls, 298K) for [La,L%]"* (A),
[LusL%]™ (B), La""/Lu"" mixed-metal self-assembled (C) and La""/Lu"" mixed-metal self-assembled
complexes after extraction with water (D)(CF3SO; salt).
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Supplementary FlgI;ure 193. 'H NMR spectra (400 MHz, CDsCN/CDCls, 298K) for [Pr,L°]"* (A),
[EusL®]** (B), Pr'"/Eu"" mixed-metal self-assembled (C) and Pr'"'/Eu"" mixed-metal self-assembled
complexes after extraction with water (D) (CF;SO;  salt).
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Supplementary Figure 194. *H NMR spectra (400 MHz, CD;CN/CDCls, 298K) for [Eu,L%]*** (A),
[LusL%]™" (B), Eu/Lu™ mixed-metal self-assembled (C)and Eu"'/Lu"" mixed-metal self-assembled
complexes after extraction with water (D) (CF;SO; salt).
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(D) La"/Ca"/Cd" mixed-metal self-assembly
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Supplementary Figure 195. *H NMR spectra (400 MHz, CD5CN, 298K) for [CdsL'4]%" (A), [CasL"4]** (B),

[LasL*]"*" (C) and Cd"/Ca'"/La"" mixed-metal self-assembled complexes with L* (ClO, salt) (D).
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Supplementary Figure 196. "H NMR spectra (400 MHz, CDsCN, 298K) for [LasL'4]*** (A), [Pr.L%]*" (B),
[EusL™s]™ (C) and La"'/Pr'"'/Eu"" mixed-metal self-assembled complexes with L* (CIO, salt) (D).
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Supplementary Figure 197. *H NMR spectra (CD5sCN, 400 MHz, 298 K) for the post-synthetic metal-ion
metathesis experiments of Ce" toward [LasL",]*** (CIOgsal).
The post-synthetic metal-ion metathesis experiments of Ce'" toward [LasL's]**" was performed in the similar
method as above and the reaction system reached equilibrium in just 12 min.
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Supplementary Figure 198. *H NMR spectra (CD;CN, 400 MHz, 298 K) for the post-synthetic metal-ion
metathesis experiments of Pr'"' toward [La,L"s]*** (ClO,salt).

After addition of Pr(Cl0,)3*6H,0 (6.0 umol) to a solution of preformed LayL'; (1.5 pmol) in CD5CN, with the
total volume of CD3CN as 0.6mL, the substitution process was monitored by "H NMR spectroscopy at room
temperature, and progressively substitution of La(lIl) by Pr(111) was clearly observed, as new *H NMR signals
corresponding to Pr(lll) coordination environment appeared. During the time of 6min to 14h, the highly
complicated "H NMR spectra suggested a mixture of [(La,Prs.)L"]"*" (n = 1 to 4) and at the equilibrium state,
exactly the same *H NMR spectrum was observed as that seen in the one-pot self-assembly process. It is worth
mentioning that the substitution rate for each metal combination depends on the difference in the ionic radii,
and a larger difference results in faster substitution and vice versa. For example, it takes only 30 minutes for
Y(I11) to fully substitute all four La(lll) vertices in the LasL's cage, whereas it takes more than 20 hours for
substitution with Pr(l11).

100



240 min

P S

150 min

A A

54 min

i

30 min M-_A
A A ~ _AMANA_ A
A A A _NAMAAAA A
6 min J
. A MM A

- L ik IJJ[ e

7 6 5 4

14 13 12 11 10 9
ppm
Supplementary Figure 199. *H NMR spectra (CDsCN, 400 MHz, 298 K) for the post-synthetic metal-ion

metathesis experiments of Nd"' toward [LasL'4]*** (ClO,salt).
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Supplementary Figure 200. *H NMR spectra gCD3CN, 400 MHz, 298 K) for the post-synthetic metal-ion

metathesis experiments of Sm'" toward [Ce,L',]*** (ClO,salt).
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Supplementary Figure 201. *H NMR spectra (CD5CN, 400 MHz, 298 K) for the post-synthetic metal-ion
metathesis experiments of Sm"" toward [Pr,L%,]*** (ClO, counter-anion).

After addition of Sm(CI04)3*6H,0 (6.0 umol) to a solution of preformed Pr,L*; (1.5 pmol) in CD3CN at room
temperature, progressively substitution of Pr(111) by Sm(lll) was clearly observed according to the *H NMR
spectroscopy. During the substitution process, a mixture of [(Pr,Sma.,)L"4]"** (n = 1 to 4) was speculated to
come into formation and at the final equilibrium state (in 90 min), exactly the same *H NMR spectrum was

1

observed as that seen in the one-pot self-assembly process.
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Supplementary Figure 202. *H NMR spectra gCD3CN, 400 MHz, 298 K) for the post-synthetic metal-ion
metathesis experiments of Eu'"' toward [Pr,L',]*** (ClO, counter-anion).
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Supplementary Figure 203. *H NMR spectra (ZCD3CN, 400 MHz, 298 K) for the post-synthetic metal-ion
metathesis experiments of Y"' toward [LasL',]"** (ClO,salt).

After addition of Y(CIO,)s*6H,0 (6.0 pmol) to a solution of preformed La,L"; (1.5 pmol) in CDsCN at room
temperature, substitution of Pr(l11) by Sm(Ill) was observed according to the *H NMR spectroscopy. The
substitution process reached equilibrium in 30 min, resulting in exactly the same 'H NMR spectrum was
observed as that seen in the one-pot mix-metal self-assembly process.
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Supplementary Figure 204. *H NMR spectra gCD3CN, 400 MHz, 298 K) for the post-synthetic metal-ion
metathesis experiments of Pr'"' toward [La,L3]%" (ClIO4salt).
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Supplementary Figure 205. "H NMR spectra (CDsCN, 400 MHz, 298 K) for the post-synthetic metal-ion
metathesis experiments of Sm'" toward [Ce,L>5]** (ClO,salt).
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Supplementary Figure 206. *H NMR spectra (CDsCN, 400 MHz, 298 K) for the post-synthetic metal-ion
metathesis experiments of Sm'" toward [Pr,L>5]** (CIOsalt).
The post-synthetic metal-ion metathesis experiments of Sm'" toward [Pr,L3]°* was performed in the similar
method as above and the reaction system reached equilibrium in just 6 min.
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Supplementary Figure 207. "H NMR spectra (CD5sCN, 400 MHz, 298 K) for the post-synthetic metal-ion
metathesis experiments of Sm'" toward [Nd,L35]°* (ClO4salt).
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Supplementary Figure 208. *H NMR spectra (CDsCN, 400 MHz, 298 K) for the post-synthetic metal-ion
metathesis experiments of Eu"" toward [Nd,L>5]®* (CIOsalt).

6" +51007.9010 Observed Simulated Molecular formular
v hserved 677.3736 6773686 [Ca,L'(CF,S0,),]""
815.0914 815.0887 [Ca,L'(CF,SO,),]*
> u R 1007.9010 1007.8970 [Ca,L',(CF,SO,),]*"
V' Simulated [Ca,L',(CF,80,),]"1229.5915 1229.5861 [Ca,L'(CF,SO,),]""
h A A 1297.3668 1297.1093 [Ca,L',(CF,SO,),]*

A Lo, 573.9556 573.9531 [Ca,L']*

1007 1008 1009 1010

7+
v
]+
4+
L4 \Y
.h . ] La l‘lljl..‘. aiid .l.lL__L.L_l‘_*‘JJ__hl_—_
600 800 1000 1200

Supplementary Figure 209. ESI-TOF-MS spectrum for [CasL'%,](CF3SOs)s with insets showing the
observed and simulated isotope patterns of the +5 peaks.
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v
8+
v
7+
v
. l el
600 800

Simulated
610.2990
711.7629

870.1123
846.8814

[Cd4L|4]s+

[Cd,L'(CIO), T
[Cd,L'.(ClO),]™
[Cd,L'(CIO,),]*

1031.6258 1031.6224 [Cd,L'(CIO,),I*
1036.2516 1036.2475 [Cd,L',(ClO),]**
1320.3012 1320.0464 [Cd,L'(ClO),]*"

+5  1036.2516 Observed
610.6775
Observed 711.6234
l l 870.1173
Ll T 846.8852
Simulated [Cd,L'(ClO,),F*
5+
v
ald l A l‘ l Aaa
1034 1035 1036 1037 1038 1039
4+
v
1000 1200

Supplementary Figure 210. ESI-TOF-MS spectrum for [Cd4L"%,](C1O4)s with insets showing the observed
and simulated isotope patterns of the +5 peaks.

Observed

+5  1056.4447

7+
v U JU .
Simulated [La,L!(ClO,),-4H]**
6" L
v
UL MA »
1056 1057 1058
8*
5.
5+
v
4
9° [ \
v & Llu.ln JLlL .II ll PO U D O e
600 800 1000 1200 1400

Observed
553.9323
623.0479
711.9106
726.1896
830.3948
847.0533
863.8795
880.5388
1016.2624
1036.4537
1056.4447
1076.6361
1096.8274
1320.3030
1345.5422
1370.5309

Simulated

Molecular formular
[La,L',-3H]*

[La,L',-4H]J*

[La,L',-SH]™

[La,L',(ClO,),-4H]™
[La,L',-6H]*

[La,L'(ClO,),-5H]*
863.8781 [La,L'(ClO,),-4H]*"
880.5373 [La,L'(ClO,),-3H]*
1016.2610 [La,L',(C1O,) -6H]*
1036.4523 [La,L',(C1O,),-5H]*
1056.4434 [La,L',(ClO,),-4H]*
1076.6346 [La,L',(ClO,),-3H]*"
1096.6257 [La,L'(CIO,).-2H]*"
1320.3024 [La,L’',(ClO,),-SH]*
1345.5414 [La,L',(ClO,),-4H]"
1370.5303 [La,L’,(ClO,),-3H]"

553.9310
623.0465
711.9092
726.1885
830.3929
847.0520

Supplementary Figure 211. ESI-TOF-MS spectrum for [LasL**,](C10,)1, with insets showing the observed
and simulated isotope patterns of the +5 peaks.
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6r

8+
v

L

AL

+5

Observed I
A

1087.2450

UUMMA.

Simulated

Ce,L! (CF,SO,),-4H]**

1086

n

1087 1088 1089

4+
v

L]

600 800

. 1
1000 1200

i
1400

Observed
623.5462

712.4802
734.0465
831.2261
856.2190
881.2125
997.2694
1027.2611
1057.2529
1087.2450
1246.0836
1283.8243
1321.3137
1358.8039
1396.2933

Simulated
623.5460

712.4800
734.0461
831.0588
856.2192
881.2125
997.0692

Molecular formular
[Ce,L',-4H]*
[Ce,L',-SH]™
[Ce,L',(CF,SO,),-4H]"*
[Ce,L',-6H]*
[Ce,L',(CF,SO,),-5H]*"
[Ce,L',(CF,SO,),-4H]*"
[Ce,L',-TH]*

1207.2616 [Ce,L',(CF,SO,),-6H]*"

1057.2535 [Ce,L',(CF,S0,),-5H]**
1087.2450 [Ce,L',(CF,S0,),-4H]**
1246.0846 [Ce,L',-8H]"

1283.8252 [Ce,L',(CF,SO,),-TH]*
1321.3150 [Ce,L',(CF,S0,),-6H]*
1358.8049 [Ce,L',(CF,S0,),-5H]*
1396.2948 [Ce,L' (CF,SO,),-4H]*

Supplementary Figure 212. ESI-TOF-MS spectrum for [CesL'%,](CF3SOs);, with insets showing the
observed and simulated isotope patterns of the +5 peaks.
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8F
v
| |

+5  1058.0442

Observed

L,

Simulated [Pr,L!(CIO,),- H]**

AAAA

1059

1058 1060

L

[

4+
v

|

600 800

1000

1200

1400

Observed
624.0475

713.0533
727.3324
831.7277
848.3859
865.2125
997.8714
1017.8618
1038.0532
1058.0442
1247.0863
1272.0751
1297.3142
1322.3031
1347.5416

Simulated
624.0471

713.0528
727.3321
831.7271
848.3862
865.2123
997.8710

Molecular formular
[Pr,L',-4H]*
[Pr,L',-5H]™
[Pr,L' (CIO,),-4H]"
[Pr,L',-6H]*
[Pr,L',(CIO,),-5H]*"
[Pr,L',(ClO,),-4H]*"
[Pr4L‘4-7H] 5+

1017.8620 [Pr,L',(C1O,),-6H]*"
1038.0534 [Pr,L',(CIO,),-SH]**
1058.0444 [Pr,L',(C1O,),-4H]**
1247.0870 [Pr,L',-8H]*

1272.0757 [Pr,L'(C1O,),-TH]*
1297.3149 [Pr,L',(CIO,),-6H]*
1322.3037 [Pr,L',(C1O,),-5H]**
1347.5427 [Pr,L!(CIO,),-4H]*

Supplementary Figure 213. ESI-TOF-MS spectrum for [PrsL"%,](ClO4):, with insets showing the observed
and simulated isotope patterns of the +5 peaks.

108



+5  1141.0123 Observed Simulated Molecular formular
7iid 6" 556.1555 556.1551 [Nd,L'-3H]*

3 ¥ Cheeyed 625.5495 625.5486 [Nd,L'-4H]*
729.1922  729.1912 [Nd,L',(CIO,),-4H]"
Sma-te‘:ll 11T 743.4713 743.4704 [Nd,L',(ClO,),-3H]"
NQ.L1(C10) J* 867.2156 867.2143 [Nd,L',(ClO,),-4H]*
883.8743 884.0404 [Nd,L',(ClO,),-3H]*

o ll I T 900.7002 900.6995 [Nd,L'(ClO,),-2H]*
1139 1140 1141 1142 1143 1444 1060.6482 1060.6470 [Nd,L',(ClO,),-4H]**

8* 1080.8392 1080.6380 [Nd,L',(CIO,),-3H]*"
— 1101.0303 1100.8293 [Nd,L',(CIO,),-2H]*"
5 1121.0210 1121.0205 [Nd,L',(C1O,),-1H]**
o 1141.0123 1141.0116 [Nd,L'(CIO,) J**

41 1375.7841 1375.7848 I_-I\IdJ.l14((:104)5-3:[']:]4+
F
i LL lll LL l l !

“ v 14007736 1401.0238 [Nd,L'(CIO,),-2H]*
600 800 1000 1200 1400 1451.2514 1451.2517 [Nd,L'(CIO,),]*

Ll 1426.0121 1426.0126 [Nd,L',(CIO,),-1H]*

Supplementary Figure 214. ESI-TOF-MS spectrum for [NdsL*%,J(C1O4):» with insets showing the observed
and simulated isotope patterns of the +5 peaks.

+5 1005.4798 Observed Simulated Molecular formular
628.8033 628.8025 [Sm,L'-4H]*

6 Observed 718.4881 718.4875 [Sm,L'-SH]"

ll “ 7327674 732.9098 [Sm,L',(ClO,)-4H]"*
el T 838.0682 838.0675 [Sm,L',-6H]*
Simulated i i
[Sm,L' (CIO,).]* 854.8937 854.8936 [Sm,L',(ClO,),-5H]
i 871.5531 871.5528 [Sm,L',(ClO,),-4H]*

bl AMM “lh 1005.4798 1005.4796 [Sm,L',-7H]**
‘ | adl Aa
1002 1004 1006 1008 1025.4707 1025.6708 [Sm,L',(ClO,),-6H]**
5t 1045.6619 1045.6619 [Sm,L',(C1O,),-SH]**
L reit | 472
v | 1065.6530 1065.6529 [Sm,L',(C10O,),-4H]**

1086.0447 1085.8441 [Sm,L',(CIO,),-3H]""
1256.5971 1256.5977 [Sm,L',-8H]*

g+ 4+ 1282.0862 1281.8367 [Sm,L',(CIO,)-7H]"
v v 1306.8249 1306.8255 [Sm,L',(ClO,),-6H]**

1 L il 1332.3146 1332.0646 [Sm,L',(CIO,),-SH]*
600 800 1000 1200 1400 1356.8021 1357.0534 [Sm L' (ClO)-4H]"

Supplementary Figure 215. ESI-TOF-MS spectrum for [Sm,L*°,](ClO.):» with insets showing the observed
and simulated isotope patterns of the +5 peaks.
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+5 1046.8636 Observed Simulated Molecular formular
629.5544 629.5535 [EuL',-4H]*

i
3 Observed 719.3468 719.3459 [Eu,L!-SH]™
N ALUJL ™ 733.7688 733.7682 [Eu,L'(CIO,)-4H]™
- 839.0700 839.0690 [Eu,L',-6H]**
855.7279 855.8950 [Eu,L',(CIO,)-SH]*
872.5546 872.5542 [Eu,L',(CIO,),-4H]*"
Lo 1006.6819 1006.6813 [Eu,L',-7H]*"

A
.
7 51086 L Togs 10991 1026.8726 1026.8726 [Eu,L',(CIO,),-6H]"
4 1046.8636 1046.8636 [Eu,L',(CIO,),-SH]*"

Simulated [Eu,L' (CIO,),-SH]*

1258.0999 1258.0998 [Eu,L',-8H]*
1283.3390 1283.3389 [Eu,L',(CIO,),-7H]*
1308.5779 1308.3277 [Eu,L',(C1O,),-6H]*
]+ ‘y 13333162 1333.5668 [Eu,L',(C1O,),-SH]*
| 1 1358.5542 1358.5556 [Eu,L' (C1O,),-4H]"
I A 1
600 800 1000 1200 1400

Supplementary Figure 216. ESI-TOF-MS spectrum for [EusL*,](C1O4):, with insets showing the observed
and simulated isotope patterns of the +5 peaks.

+5 1124.0472 Observed Simulated Molecular formular
y L 9+
7+ hiserveil 569.0542 569.0562 [Yb,L'-3H]

v 640.0601 640.0623 [Yb,L!,-4HJ*

| l l | 7457759 745.7782 [Yb,L'(CIO,) -4H]"*
g p Sm‘lﬁd ” Ll‘(‘cm proee 760.0545 760.0575 [Yb,L'(ClO,),-3H]"*

9 ST 1746199 774.4799  [Yb,L!(CIO,),-2H]
886.5631 886.5659 [Yb,L!,(CIO,),-4H]**
y “l “ ™ 903.5557 903.5557 [Yb,L'(ClO,),-3H]*
1122 1123 1124 1125 1126 1127 920.0479 920.0512 [Yb,L'(ClO,),-2H]**
1083.8636 1083.8689 [Yb,L!,(C1O,),-4H]**
1104.0558 1103.8599 [Yb,L',(C1O,),-3H]**
5+ 1124.0472 1124.0512 [Yb,L',(CIO,),-2H]**
9 v 1144.0380 1144.0422 [Yb,L!,(CIO,)-1H]**
v 1164.2296 1164.2335 [Yb,L!,(C1O,),J**

| lJl A l..lLlAJAL

600 700 800 900 1600 1100 1200 1300

Supplementary Figure 217. ESI-TOF-MS spectrum for [Yb,L'%,J(CIO.):,» with insets showing the observed
and simulated isotope patterns of the +5 peaks.
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1235.2429 +5

! Observed

Simulated

l“ [Lu,L! (CF,SO ),]
™

1735 1236

StV

T
v
]+
v I
A a I i 1| W | " l ey
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Supplementary Figure 218. ESI-TOF-MS spectrum for [LusL'%,](CF3SO3)1, with insets showing the

observed and simulated isotope patterns of the +5 peaks.

Observed
641.0651

753.9250
775.3477
796.7707
904.4046
929.3977
954.3909
979.3838
1145.0672
1175.0590
1205.2510
1235.2429
1543.8012
1581.2908

Simulated
641.0637

753.9231
775.3459
796.7687
904.4023

929.3956

Molecular formular
[Lu,L',-4H]**
[Lu,L',(CF,SO,),-4H]"*
[Lu,L',(CF,S0,),-3H]""
[Lu,L,(CF,S0,),-2
[Lu,L',(CF,SO,),-4H]**
[Lu,L',(CF,SO,),-3H]*
954.3889 [Lu,L'(CF,SO,),-2H]*
979.3821 [Lu,L'(CF,SO,),-1H]*
1145.0652 [Lu,L',(CF,SO,),-3H]*"
1175.0571 [Lu,L',(CF,SO,),-2H]**
1205.0490 [Lu,L',(CF,SO,)-1H]**
1235.0410 [Lu,L'(CF,SO,),]**
1543.5494 [Lu,L',(CF,SO,),-1H]*
1581.2898 [Lu,L',(CF,SO,),]*

6' +5 1036.6347
v
7+ Observed
T U(LLLLUJ
T A A
Simulated [Y,L'(ClO),-3H]*
. AJ J ‘A M L
1036 1037 1038
5t
v
g+
v 4+
v
L ) cil s
600 800 1000 1200 1400

Supplementary Figure 219. ESI-TOF-MS spectrum for [Y4L*,](ClO4)1,with insets showing the observed
and simulated isotope patterns of the +5 peaks.

111

Observed
598.0473

683.3384
697.6174
797.0605
813.7188
830.5451
956.2706
976.2612
996.4526
1016.4435
1036.6347
1195.0861

1220.0742
1245.3133
1270.3021
1295.5411

Simulated
598.0462

683.3375
697.6168
797.0592
813.7183
830.5445
956.2696

Molecular formular
[YL',-4H]*

[Y,L',-5H]"

[Y,L'(ClO,)-4H]"
[YL'-6H]*

[YL'(ClO,),-5H]*
[Y,L'(ClO,),-4H]*
[Y,L'-7H]*

976.2606 [YL'(CIO,)-6HJ**
996.4519 [Y,L'/(CIO)),-SH]**
1016.4430 [Y,L'(CIO,),-4H]J**
1036.6342 [Y,L',(CIO,),-3H]**
1195.0852 [Y,L',-8H]**

1220.0739 [Y,L',(ClO,),-7TH]"
1245.3131 [Y,L',(ClO,),-6H]*"
1270.3019 [Y,L'(CIO,),-SH]*
1295.5409 [Y,L' (CIO,),-4H]*




[EuL23] 3+
424. ]. 598 Observed
v ‘

i

Simulated

[EuL23(ClO4)1]2+ 684 686 688
685.7016
\%
[EuL2,(CIO,),]'*
1097.1734
v [EuL2,(CIO,),]'*
1470.3527
L hlll “ . T AI 1 Ll A T Y
400 600 800 1000 1200 1400

Supplementary Figure 220. ESI-TOF-MS spectrum for [Eu;L?>;](C1O,); with insets showing the observed

and simulated isotope patterns of the +2 peaks.

+3 880.4999

v Observed

—

lj »

Observed
585.4098

780.2104
813.5294

Simulated
585.4093

780.2100
813.5288

Molecular formular
[La,L?-2H]*
[L82L33-3H]3*
[La,L’,(C1O,),-2H]**
847.1815 847.1808 [La,L’(ClO,),-HJ**

Simulated

880.4999 880.4993 [La,L’,(CIO,),**
1270.2682 1270.2676 [La,L’(ClO,),-2H]*"
1320.2464 1320.2453 [La,L’(CIO,),-HJ**
1370.7248 1370.7237 [La,L*,(CIO,),J*"

880 881 882

883

3+
IL\
9t
VL
l "Ll_LL J'J‘Il 'l. . Il' .
600 800 1000 1200 1400 1500

Supplementary Figure 221. ESI-TOF-MS spectrum for [La,L*;](CIO.)s with insets showing the observed

and simulated isotope patterns of the +3 peaks.
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3

780.8747

I

Observed l

Observed
486.9274

585.9074
780.8747
830.8609

Simulated

880.8470
931.1669

780 781 782 783

2+
A2
|

" lllll

784

Supplementary Figure 222. ESI-TOF-MS spectrum for [Ce,L*%;](CFsSOs)s with insets showing the

600 800 1000 1200 _ 1400

observed and simulated isotope patterns of the +3 peaks.

,|<I'E

+3 848.5191

Observed Jv[
e

1600

Simulated

Simulated
486.9286

585.9089
780.8761
830.8627
880.8493
931.1698

Molecular formular
[Ce,L*,H

[Ce 2L33-2H]‘"
[Ce,L’-3H]"

[Ce,L’ (CF,S0,),-2H]*
[Ce,L*,(CF,SO,),-1H]*
[Ce,L?,(CF,SO),]*

1320.7676 1320.7703 [Ce,L?(CF,SO,),-2H]**
1396.2489 1396.2511 [Ce,L*,(CF,SO,),-1H]**
1471.2283 1471.2309 [Ce,L?,(CF,SO,),]**

Observed
586.4140

781.5479
814.8670
848.5191
881.8374

Simulated
586.4100

781.5442
814.8630
848.5150
881.8335

Molecular formular
[Pr,L’,-2H]"
[Pr,L?,-3H]"
[Pr,L*,(CIO,),-2H]*"
[Pr,L3,(C10,),-HJ**
[Pr,L>,(CIO), ]

1272.2720 1272.2689 [Pr,L?(ClO,),-2H]**
1322.2507 1322.2466 [Pr,L%,(C1O,),-H]**
1372.7296 1372.7250 [Pr,L(CIO,),J**

848 849 850 851

3+
l—vl
l 2+
1] -
| ; ot l i. : Lo i : | ;
600 800 1000 1200 1400

Supplementary Figure 223. ESI-TOF-MS spectrum for [Pr,L3%5](C10,)s with insets showing the observed
and simulated isotope patterns of the +3 peaks.
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4+ 3 8171971 Observed Simulated Molecular formular

—_— 470.5299 470.5307 [Nd,L’-1HJ*
Observed 3 i
587.9102 587.9116 [‘NdZLB-2H]
l lll 783.5448 783.5464 [Nd,L’-3H]*
A Ly
! 817.1971 817.1985 [NdzLB}(ClO.‘)I-ZH]3+
850.5155 850.5168 [Nd,L’(ClO,),-HJ**
$83.8338 883.8353 [Nd,L’(ClO).J*
N Mlu 1174.3143 1174.8159 [Nd,L*-4H]**
816 818 820 82211224.7922 1225.2941 I.'I\Idsz(ClOd)1-3H]2+
1275.2703 1275.2716 [I\IdZLZZ(CIOJZ-ZH]2+
3+ 1325.7485 1325.2492 [Nd,L?,(CIO,),-H]*
S 1376.2280 1375.7275 [N4,L*(CIO,)J**
5+
v o+
l l 3
| . s

It A

400 600 A 800 1000 1200 1400

Simulated

[

Supplementary Figure 224. ESI-TOF-MS spectrum for [Nd,L3%5](C10,4)s with insets showing the observed
and simulated isotope patterns of the +3 peaks.

‘vt 130 8218687 Observed Simulated Molecular formular
— 473.1331 473.1338 [Sm,L’-1H]*
Observed 591.1638 591.1654 [Sm,L’-2H]*
l I 787.8830 787.8848 Sm,L’-3H]**
il Ly 821.8689 821.2033 [Sm,L’(ClO,),-2H]*"
Simulated 1231.8005 1231.3013 [Sm,L’(CIO,),-3H]*
1282.2780 1282.2799 [Sm,L’(CIO,),-2H]*
ll l | 1332.2556 1332.2576 [Sm,L’(CIO,),-H]**
aal
81‘8 820 822 824‘l
’;4—
PL
5 2°
v I AN
| | P 1 a
400 600 800 1000 1200 1400

Supplementary Figure 225. ESI-TOF-MS spectrum for [Sm,L>%;](ClO4)s with insets showing the observed
and simulated isotope patterns of the +3 peaks.
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4+ +3 855.8554 Observed Simulated Molecular formular

— 473.9343 473.9350 [Eu,L’-1H]"
e 591.9155 591.9166 [Eu,L’-2H]*
5 g
WEERE RN § PN by o 5o SN
: ; (CI0)),
Simulated 855.8554 855.8568 [Eu,L’,(ClO,),-H]*"
889.5072 889.1753 [Eu,L’,(CIO,),J*"
LA_JDU i 12333020 1233.3040 [Eu,L*,(CIO,)-3H]>*
85 8% 87 8% 1283.2796 1283.2816 [Eu,L’,(CIO,),-2H]**
1333.7581 1333.2594 [Eu,L*(CIO,),-H]**
1383.7376 1383.2376 [Eu,L’,(CIO,),J*"

3

<
T

- lan

el | - %
400 600 800 1000 1200 1400

Supplementary Figure 226. ESI-TOF-MS spectrum for [Eu,L%%;](C10,)s with insets showing the observed
and simulated isotope patterns of the +3 peaks.

45 15542221 Observed Simulated Molecular formular
971.7673 971.7668 [La,L‘-4H]*

1110.4469 1110.4468 [La,L°,-SH]™
U 1295.3525 1295.3533 [La,L®,-6H]*
1554.2221 1554.2226 [La,Lf,-TH]**

Observed

Simulated

v AAA “AAA

1554 1555 1556

1000 1100 1200 1300 1400 1500 1600 1700

Supplementary Figure 227. ESI-TOF-MS spectrum for [LasL%](CF3SOs):, with insets showing the
observed and simulated isotope patterns of the +5 peaks.
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6" +5 1555.0199 Observed Simulated Molecular formular

v 972.3918 972.3916 [Ce,L¢,-4HJ*
——— 1111.1607 1111.1608 [Ce,L¢,-SH]™*
5F 1132.5812 1132.5836 [Ce,L*,(CF,SO,)-4H]"
v AA

1296.1859 1296.1864 [Ce,L°,-6H]*
. 1321.1785 1321.1797 [Ce,L¢(CF,SO,)-5H]*
Simulated
‘ ll 1555.0199 1555.2223 [Ce,L¢,-TH]**
W lh R 1585.2114 1585.2142 [Ce,L*,(CF,SO,)-6H]**
1943.7723 1943.7760 [Ce,L°,-8H]*"

1981.2622 1981.2659 [Ce,L*,(CF,SO,)-7H]*
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Supplementary Figure 228. ESI-TOF-MS spectrum for [CesL%](CF3SO3)1, with insets showing the
observed and simulated isotope patterns of the +5 peaks.

v 6 +5  1555.8223 Observed Simulated Molecular formular
972.7676 972.7675 [Pr,L°,-4H]*

1111.5908 1111.5904 [Pr,LS,-SH]™"

U\J 1133.0128 1133.0131 [Pr,L¢(CF,SO,)-4H]""
1296.6874 1296.6875 [Pr,L¢,-6H]*"

Simulated 1321.6799 1321.6808 [Pr,L¢,(CF,SO,)-SH]*"

. 1346.6728 1346.6740 [Pr,L¢,(CF,SO,),-4H]*"

= i 1. 1555.8223 1555.8236 [Pr,LS,-7H]*"

1555 1556 1557 1585.8139 1585.8155 [Pr,L¢,(CF,SO,)-6H]""

1615.8062 1615.8074 [Pr,L¢,(CF,SO,),-SH]**

1645.7969 1645.7993 [Pr,L¢(CF,SO,),-4H]"*

1944.5247 1944.5277 [Pr,LS,-8H]"

1982.0137 1982.0175 [Pr,L¢ (CF,SO,)-TH]*"

g+ 4+ 2019.5039 2019.5074 [Pr,L¢,(CF,SO,),-6H]"

v L. 2056.9945 2056.9973 [Pr,L,(CF,SO,),-SH]"

Observed

Ao Llllln Lk
1000 1200 1400 1600 1800 2000 2200

Supplementary Figure 229. ESI-TOF-MS spectrum for [Pr4L°,J(CFsSOs3)1, with insets showing the observed
and simulated isotope patterns of the +5 peaks.
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6 +5 15646327 Observed Simulated Molecular formular
$ 978.2744 9782739 [Eu,L®-4HJ*

Observed 1117.8844 1117.8834 [Eu,LS,-SH]™
A mmm 1139.3079 1139.3062 [Eu,L¢,(CF,SO,)-4H]""
s+ . 1160.8738 1160.7290 [Eu,L®(CF,SO,),-3H]"*
¢ Simulated 1304.1962 1304.0294 [Eu,L¢,-6H]*"
1329.0232 1329.0227 [Eu,L¢(CF,SO,)-5H]*
o M l l Liiin 1354.0170 1354.0160 [Eu,L¢,(CF,SO,),-4H]**

15631564 1565 1566 1367 1379 1776 1379.1762 [Eu,L¢,(CF,SO,),-3H]*

1564.6327 1564.6339 [Eu,L¢,-TH]"
7+ 1594.8247 1594.6258 [Eu,L®,(CF,SO.)-6H]"
v 1624.6175 1624.6177 [Eu,L¢ (CF,SO,),-SHJ*
1654.8103 1654.8100 [Eu,L¢(CF,SO,)-4H]*
4+ 1955.5380 1955.5405 [Eu,L*,-8H]*
v 1993.0290 1993.0304 [Eu,L¢(CF,SO,)-7H]*
. L i, LU 2030.7695 2030.5203 [Eu,L*,(CF,SO,),-6H]*
1000 1200 1400 1600 1800 2000 2200 2068.2592 2068.2607 [Eu,L’,(CF,S0,),-5H]"

8+
v

Supplementary Figure 230. ESI-TOF-MS spectrum for [Eu,L%](CF3SOs);, with insets showing the
observed and simulated isotope patterns of the +5 peaks.

6 +5  1583.0501 Observed Simulated Molecular formular
v 989.7853 989.7840 [Lu,L°®,-4H]**

Observed 1131.0398 1131.0378 [Lu,L¢,-SH]"*
LJU 1152.4626 1152.4606 [Lu,L°(CF,SO,)-4H]"*
1173.8856 1173.8834 [Lu,L°(CF,SO,),-3H]""

Simulated 1319.3773 1319.3763 [Lu,L*-6H]*
5+ 1344.3709 13443695 [Lu,L,(CF,SO,)-SH]*
i l A |, 1369.3642 1369.3628 [Lu,L*,(CF,SO,),-4H]*

A~

1582 1583 1584 1585 1583.0501 1583.0501 [Lu,L®,-7H]**
1613.0420 1613.0420 [Lu,L*(CF,SO,)-6H]"*
1643.0345 1643.0339 [Lu,L*,(CF,SO,),-SH]**
1673.0266 1673.0258 [Lu,L*,(CF,SO,),-4H]*"

1703.0183 1703.0177 [Lu,L*,(CF,SO,),-3H]**
1978.5589 1978.5608 [Lu,L*,-8H]*

2016.0494 2016.0506 [Lu,L¢(CF,SO,)-TH]*
Jdm - maEne 2053.7903 2053.5405 [Lu,L¢(CF,SO,),-6H]*
1000 1200 1400 1600 1800 2000 2200 2091.0300 2091.0304 [Lu,L®(CF,SO,),-SH]*

4+
\%

Supplementary Figure 231. ESI-TOF-MS spectrum for [Lu,L%](CF3;SOs);, with insets showing the
observed and simulated isotope patterns of the +5 peaks.
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6" +5  1310.7403 Observed Simulated Molecular formular
v 645.3273 645.3267 [Eu,L’-3HJ]*

Ueacved 725.8678 725.8667 [Eu,L*-4H]**
m 829.4190 829.4180 [Eu,L*-SH]"
7+ 850.8414 850.8408 [Eu,L*(CF,SO,)-4H]"*
Simulated 872.4070 872.2636 [Eu,L*(CF,SO,),-3H]"

g 893.6870 893.6864 [Eu,L*(CF,SO,),-2H]"
o AA 1 ™ 967.4875 967.4865 [Eu,L‘-6H]"

1310 1311 1312 992.4802 992.4797 [Eu,L'(CF,SO,)-5H]**
1017.4729 1017.4730 [Eu,L*,(CF,SO,),-4H]**
" 1042.4658 1042.4663 [Eu,L*,(CF,SO,),-3H]*
v 1067.4587 1067.4595 [Eu,L*,(CF,SO,),-2H]**
4+ 1250.7570 1250.7580 [Eu,L‘,(CF,SO,),-4H]**
gt V 1280.7484 1280.7500 [Eu,L*,(CF,SO,),-3H]"*
v 1310.7403 1310.7419 [Eu,L*,(CF,SO,).-2H]**

| | L | l ,l‘l | | 1600.6835 1600.6856 [Eu,L‘(CF,SO,),-4H]*
600 800 1000 1200 1400 1600 1800 1638.1722 1638.1756 [Eu,L*,(CF,SO,),-3H]*

Supplementary Figure 232. ESI-TOF-MS spectrum for [Eu,L*](CF3SOs);, with insets showing the
observed and simulated isotope patterns of the +5 peaks.

gT v 6 +5 1362.6054 Observed Simulated Molecular formular
_— 852.0065 852.0077 [Bu,L’-4H]*
973.5774 973.5791 [Eu,L’-SH]"
LU l h T 995.2864 995.1451 [Eu,L’(CF,SO,)-4H]"
W) MMM

1135.6725 1135.6745 [Eu,L’,-6H]*
1160.6651 1160.8347 [Eu,L’(CF,SO,)-5H]*
1185.8255 1185.8280 [Eu,L’(CF,SO,),-4H]*"
1362.6054 1362.6079 [Eu,L’,-7TH]**
1381 1382 1382 1382 1382 1392.7972 1392.8002 [Eu,L’,(CF,SO,)-6H]**
1422.5884 1422.7921 [Eu,L’,(CF,S0,),-SHJ**
g+ \57* 1452.9824 1452.7840 [Eu,L’,(CF,SO,),-4H]""
1703.0065 1703.0080 [Eu,L’,-8H]*
1740.7442 1740.7484 [Eu,L® (CF,SO,)-TH]*
4+ 1778.2319 1778.2383 [Eu,L’ (CF,SO,),-6H]*
7 1815.7209 1815.7282 [Eu,L’ (CF,S0,),-5H]"

Simulated

o (TR WPPTOT T TR

800 1000 1200 1400 1600 1800

Supplementary Figure 233. ESI-TOF-MS spectrum for [Eu,L>,](CF5SOs):.along with signals created by
rupture of alkyl groups, with insets showing the observed and simulated isotope patterns of the +5 peaks.
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+5  1026.8731 Observed Simulated Molecular formular
559.7162 559.7151 [Equ'q-SH]“

7+ Observed 629.5544 629.5535 [Eu,L'-4HJ**
v 6 719.3468 719.3459 [Eu,L',-SH]"*
733.7690 733.7682 [Bu,L',(C1O,) -4H]"*
Simulated [EuL!(ClO,)-6H]** | 839.0699 839.0690 [Eu,L',-6H]**
855.8955 855.8950 [Bu,L'(CIO,) -SH]
872.5551 8725542 [Bu,L',(CIO,),-4H]"
B oA 4026 L Lt 1006.6818 1006.6813 [Eu,L',-7H]*"
o 1026.8731 1026.8726 [Eu,L'(ClO,),-6H]""
1046.8639 1046.8636 [Eu,L'(ClO,),-SH]*"
5 1067.0555 1067.0549 [Eu,L'(ClO,),-4H]*"
v 1087.0466 1087.0459 [Eu,L'(ClO,),-3H]*"
i 1283.3385 1283.3389 [Eu,L',(CIO,),-7H]"
9 l I v 1308.5775 1308.3277 [Eu,L',(CIO,),-6H]*
.l AL l I b kb s 1333.5661 1333.5668 [Eu,L',(CIO,),-SH]*
600 800 1000 1200 1400 1358.5551 1358.5556 [Eu,L'(CIO,),-4H]*

Supplementary Figure 234. ESI-TOF-MS spectrum for titration of L* (0.002M) with Eu(ClO,); H,0 when
Reuny1=5 with insets showing the observed and simulated isotope patterns of the +5 peaks.

+ +5  1564.6335 Observed Simulated Molecular formular
978.3998 978.2739 [Eu,L®,-4H]*

1117.8843 1117.8834 [Eu,Lf,-SH]™*

l ﬂ I Uut “ 7 1139.3064 1139.3062 [Eu,L°,(CF,SO,)-4H]"*

1304.0299 1304.0294 [Eu,L°,-6H]**

4

Observed

5+ Simulated 1329.1889 1329.0227 [Eu,L®,(CF,SO,)-5H]*
\Y 1354.1821 1354.0160 [Eu,L¢,(CF,SO,),-4H]*"
ad A 1564.6335 1564.6339 [Eu,L®,-7TH]**

Aa
156315641565 15661567 1504 8244 1594.6258 [Bu,L°,(CF,SO,)-6H]**

1624.6164 1624.6177 [Eu,L,(CF,SO,),-5H]*"
g 1654.8076 1654.8100 [Eu,L¢,(CF,SO,),-4H]**
1955.5384 1955.5405 [Eu,L¢,-8H]"
1993.2777 1993.0304 [Eu,L¢(CF,SO,)-TH]*
4 2030.7678 2030.5203 [Eu,L*,(CF,S0,),-6H]*
g v 2068.2587 2068.2607 [Eu,L¢,(CF,SO,),-SH]*
s bds 2106.0005 2105.7506 [Eu,L¢(CF,SO,),-4H]"*

A1

1000 1200 1400 1600 1800 2000 2200

Supplementary Figure 235. ESI-TOF-MS spectrum for titration of L® with Eu(ClO4); H,0 when Reyis=5
with insets showing the observed and simulated isotope patterns of the +5 peaks.
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Supplementary Figure 236. ESI-TOF-MS spectra for titration of L? with Ca(ClO,), 4H,0 when Rca .= 0.07-

1.00 with insets showing the observed and simulated isotope patterns of the observed peaks.
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Supplementary Figure 237. ESI-TOF-MS spectra for titration of L? with Cd(CIOy), 6H,0 when Rcgo=
0.07-1.00 with insets showing the observed and simulated isotope patterns of the observed peaks.
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Supplementary Figure 238. ESI-TOF-MS spectra for titration of L* with Ca(Cl0,), 4H,0 when Rea 5= 0.13-
2.00 with insets showing the observed and simulated isotope patterns of the observed peaks.
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Supplementary Figure 239. ESI-TOF-MS spectra for titration of L® with Cd(CIO.), 6H,0 when Regis=
0.13-2.00 with insets showing the observed and simulated isotope patterns of the observed peaks.
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+6
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il
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LUULMMM
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5
l—v_|

930

1200

[La,L',(CIO,) ]
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1400

Observed
576.1453
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755.0342

769.1713
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930.8508
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Simulated
576.2545

587.3607
648.1604

660.6548

673.2744
754.8902

769.3125
783.5919
897.3634
914.0226
930.8486

Molecular formular
[La,L',(CIO,),-1H]**
[La,L',(CIO),I*
[La,L',(CIO,),-2H]*
[La,L',(CIO,),-1H]*
[La L', (CIO),I*
[La,L',(ClO),-2H]™
[La,L',(ClO),-1H]™"
[La,L',(CIO,)]™
[La,L'(ClO,),-2H]**
[La,,L l4(CIo4)5’ 1 H] *
[La,L',(CIO)]*

1116.8169 [La,L!,(CIO,),-1H]*"
1136.8080 [La,L',(C1O,),]*"
1445.9971 [La,L',(C1O,),]*

Supplementary Figure 240. ESI-TOF-MS spectrum for La"'-Ca' mixed-metal self-assembly of L'(ClO,

counter-anion) with insets showing the observed and simulated isotope patterns of the +6 peaks.
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Supplementary Figure 241. ESI-TOF-MS spectrum for La"'-Cd" mixed-metal self-assembly of L(ClO4
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counter-anion) with insets showing the observed and simulated isotope patterns of the +6 peaks.
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Supplementary Figure 242. ESI-TOF-MS spectrum for La"'-Ce"' mixed-metal self-assembly of L(ClO,
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[Ce,L',(C1O,),-4H]™
[Ce,L!,-6H]*
[Ce,L',(CIO,),-SH]*"
864.7442 [Ce,L',(CIO,),-4H]*
997.0692 [Ce,L',-7TH]’*
1017.2606 [Ce,L'(CIO,),-6H]*"
1037.2516 [Ce,L',(CIO,),-5H]*"
1057.4430 [Ce,L',(CIO,),-4H]**
1077.6342 [Ce,L' (CIO,),-3H]**
1097.6253 [Ce,L',(CI1O,),-2H]**
1117.8165 [Ce,L',(CIO,)-1H]"
1137.8076 [Ce,L' (CIO), "
1296.3127 [Ce,L',(CIO,),-6H]**

Simulated
554.3750
623.5460
712.4800
726.9025
831.0588

847.8851

counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.
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Supplementary Figure 243. Nonlinear curve fitting of simulated isotope patterns of La"'-Ce"' mixed-metal

self-assembly complexes (CIO,4 counter-anion).
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6" +5 1098.2255 Observed Simulated Molecular formular
v Observed 624.0470 624.0471 [Pr,L'-4H]**
. 712.9094 713.0528 [Pr,.L',-SH]"*
1 7+
e e e Clog | 1273314 7213321 [PrL'(CIO4),4H]
— A A A A A 831.5598 831.7271 [Pr,L',-6H]*
A | W 848.3855 848.3862 [Pr,L',(ClO4) -SH]**
Simulated LaP‘L‘4(C10 -2H]>* "
RIS (LaPrLU(CIO)- 21 65,0444  865.2123 [Pr,L'(ClO4),-4H]*
997.6700 997.8710 [Pr,L'-7H]*"
1097 1098 1099 1100 | 1017.8613 1017.8620 [Pr,L',(Cl0O4)-6H]**
5+ 1037.8524 1038.0534 [Pr,L',(CO4),-SH]*"
v 1058.0437 1058.0437 [Pr,L'(Cl04) -4H]**
g 1078.0345 1078.2356 [Pr,L'(ClO4),-3H]*"
v 1098.2255 1098.2267 [Pr,L',(CIO4),-2H]**
4+ 1297.3138 1297.3149 [Pr,L'(ClO4) -6H]*
“ v 1322.3025 1322.3037 [Pr,L',(CIO4),-SH]*
- l ALl L bl i, 1347.5409 1347.5427 [Pr,L'(ClO4),-4H]*
600 800 1000 1200 1400 1372.5304 1372.5316 [Pr,L',(ClO4).-3H]*

Supplementary Figure 244. ESI-TOF-MS spectrum for La"'-Pr'"" mixed-metal self-assembly of L* (ClO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.

‘7+

+5 1140.8107 Observed Simulated Molecular formular
v 556.1551 556.1551 [Nd,L'-3H]’*

625.4235 625.5486 [Nd,L'-4H]"
ulll ... 729.1914 7291912 [Nd.L'/(CIO,),-4H]"
6' Sinmlated NALY(CIO)T" | 7434704 743.4704 [Nd,L'(CIO,),-3H]"*
m T . 867.2144 8672143 [Nd,L'(CIO,),-4H]""
8 Simulated [LaNdL'(Cl0) ]~ | 883.8733 884.0404 [Nd.L'(CIO,),-3H]*
. AMMMM ™. 900.6993 900.6995 [Nd.L'/(CIO,),-2H]"
8 140 18 Tim 917.5252 917.5256 [Nd,L',(ClO,).-1H]"
5+ 934.1845 9341848 [NdL'(CIO) "

v 1060.6462 1060.6470 [Nd,L',(CIO,),-4H]**
1080.8375 1080.6380 [Nd,L'(CIO,),-3H]**
7 1100.8287 1100.8293 [Nd,L'(CIO,),-2H]**
a 1120.8197 1120.8203 [Nd,L'(CIO,),-1H]*

.
3 ‘ll J 1140.8107 1141.0116 [Nd,L',(C1O,),J**
.| ) 1 l ida uli 1451.2500

1451.2517 [Nd,L',(C1O,),]*
600 800 1000 1200 1400 1600

Observed

Supplementary Figure 245. ESI-TOF-MS spectrum for La"'-Nd"" mixed-metal self-assembly of L* (ClO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.
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T* g +5 1005.4793 Observed Simulated Molecular formular
628.8028 628.8025 [Sm,L',-4H]**

1_ 7+
- 718.4877 718.4875 [Sm,L',-5H]

l 732.9098 732.9098 [Sm,L'/(CIO,)-4H]""
Lt | 838.0676 $38.0675 [Sm,L',-6H]*

o 854.8933 854.8936 [Sm,L',(CIO,)-SH]*
8717192 8715528 [Sm,L',(CIO,),-4H]*

m” lin 1005.4793 1005.4796 [Sm,L!,-7H]*

a0l Ao

002 1004 1006 1005 | 1025.6703 1025.6708 [Sm,L',(CIO,)-6H]"
- 1045.8617 1045.6619 [Sm,L',(CIO,),-SH]**
% v 1065.4521 1065.4521 [Sm,L!,(CIO,)-4H]""
& 1086.0435 1085.8441 [Sm,L!,(CIO,),-3H]"
1281.5847 12818367 [Sm,L',(CIO,),-TH]*
4+ 1306.5742 1306.8255 [Sm,L',(CIO,),-6H]"
l v 1332.0631 1332.0646 [Sm,L',(CIO,)-SH]*
Al 4“ " b 1356.8014 1357.0534 [Sm,L',(CIO,),-4H]*
600 800 1000 1200 1400 1382.2913

1382.2924 [Sm,L!(CIO,).-3H]"

Supplementary Figure 246. ESI-TOF-MS spectrum for La"'-Sm'"' mixed-metal self-assembly of L* (ClO,
counter-anion) with insetsshowing the observed and simulated isotope patterns of the +5 peaks.

Observed Simulated Molecular formular
559.7151 559.7151 [EuL',-3H]**

7+ v 1147219 629.5545 629.5535 [Eu,L',-4H]*"

§ Sk 733.7692 733.7682 [Eu,L',(CIO,)-4H]"*
748.0483 748.0475 [Eu,L'(ClO,),-3H]"*
Stomlated [EuL'(Clo) ]~ | 762.4707 762.4699 [Eu,L'(CIO,),-2H]"*
872.5554 872.5542 [Eu,L',(ClO,),-4H]**
8+ T146 1147 1148 1145 1150 | 889.3811 889.3803 [Eu,L'(CIO,),-3H]"
5 906.0404 906.0395 [Eu,L',(CIO,),-2H]**
1067.0554 1067.0549 [Eu,L',(C10,),-4H]**
1087.0469 1087.0459 [Eu,L',(CIO,),-3H]"

<3 1107.2379 1107.2372 [Eu,L',(C1O,),-2H]*"
— 4 1127.2289 1127.2282 [Eu,L'(CIO,),-1H]**
9+ l S 1147.2199 1147.4194 [Eu,L!(CIO,)J**
v |, “l, A .I “ I ‘. | 1459.0109 1459.0113 [Eu,L',(C1O,),]*
600 800 1000 1200 1400 '

Supplementary Figure 247. ESI-TOF-MS spectrum for La"'-Eu"" mixed-metal self-assembly of L* (CIO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.

127



v 7 +5 1124.0486 Observed Simulated Molecular formular

Observed 569.0554 569.0562 [Yb,L'-3H]**
g+ 640.0611 640.0623 [Yb,L'-4H]*

9 — 745.7765 7457782 [Yb,L'(CIO,)-4H]"
YL CI0) 2H] 760.0554 760.0575 [Yb,L'(CIO,),-3H]"*
9 774.4776 774.4799 [Yb,L'(CIO,),-2H]"

e | Simulated

886.5641 886.5659 [Yb,L',(ClO,),-4H]*"
903.3897 903.5557 [Yb,L'(CIO,),-3H]*
1116 1120 1124 920.0490 920.0512 [Yb,L'(CIO,),-2H]**
1083.6661 1083.8689 [Yb,L',(ClO,),-4H]**
1104.0576 1103.8599 [Yb,L',(ClO,),-3H]**
1124.0486 1124.0512 [Yb,L',(ClO,),-2H]**

[LaYb,L!(CIO,),-2HJ*

g‘ 1144.0394 1144.0422 [Yb,L' (CIO,)-1HJ*
9+
V |
Bo o I\ l |
600 800 1000 1200

Supplementary Figure 248. ESI-TOF-MS spectrum for La'"'-Yb"" mixed-metal self-assembly of L* (ClO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.

7+ +5 11254544 Observed Simulated Molecular formular
v 569.9479 569.9463 [Lu,L',-3H]**

6 Observed 641.0649 641.0637 [Lu,L',-4H]*

v I n n h I 746.7809 746.7796 [Lu,L',(ClO,)-4H]"

761.2040 761.2020 [Lu,L'(ClO,),-3H]™*
775.4828 775.4813 [Lu,L',(ClO,),-2H]"*
887.9026 887.9011 [Lu,L'(CIO,),-4H]**
é’ y. A by 904.5616 904.5603 [Lu,L'(CIO,),-3H]*
1125 1126 127 921.2209 921.3863 [Lu,L',(ClO,),-2H]*
1085.4720 1085.2709 [Lu,L',(CIO,),-4H]**
1105.4636 1105.4622 [Lu,L',(CIO,),-3H]"
5+ 1125.4544 1125.4532 [Lu,L',(CIO,),-2H]**

v 1145.6454 1145.6445 [Lu,L',(CIO),-1H]**
l 4 1456.7923 1456.7926 [Lu,L',(CIO,)-1H]*
UL,

Simulated [Lu,L! (ClO,)-2H]*

3*‘ T 1482.0321 1482.0316 [Lu,L'(CIO,),]"
Ll [

600 800 1000 1200 1400 1600

Supplementary Figure 249. ESI-TOF-MS spectrum for La"'-Lu"" mixed-metal self-assembly of L* (ClO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.
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’l 6 +5 1076.8175
v Observed
A ALLLUUL\J.U o
Simulated [Y,L'(ClO)1H}*
8 A ll l L,
l 1076 1077 1078 1079
5+
v
TR
v
Li J\J‘Ll A l. ll. Sl Tl
600 800 1000 1200 1400

Supplementary Figure 250. ESI-TOF-MS spectrum for La"'-Y"' mixed-metal self-assembly of L' (ClO,

Observed
598.0470

683.3384
697.6175
797.0602
813.7190

830.5454
956.2705

976.2611

996.4527

1016.4438
1036.6351
1056.6264
1076.8175
1220.0745
1245.3131
1270.3020

Simulated
598.0462

683.3375

697.6168
797.0592

813.7183

830.5445
956.2696

Molecular formular
[Y,L',-4H]**

[Y,L!,-SH]™

[Y,L'(ClO,),-4H]™"
[Y,L',-6H]*

[Y,L',(ClO,),-SH]*
[Y,L',(ClO,),-4H]*
[y L'-7H]**

976.2606 [Y,L'(ClO,),-6H]**
996.4519 [Y,L'(CIO,),-SH]**
1016.4430 [Y,L'(CIO),-4H]**
1036.6342 [Y,L' (ClO),-3H]**
1056.6253 [Y,L',(ClO,),-2H]**
1076.8165 [Y,L',(CIO)-1H]*
1220.0739 [Y,L',(ClO,),-7TH]*
1245.3131 [Y,L',(ClO,),-6H]*"
1270.3019 [Y,L'(CIO,).-SH]**

counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.

6t +5 999.8735
2 Observed
) 'L' .llllll “ l““lln..
; . Simulated [Nd,L' -7TH]**
B sl
Simulated ﬂ l [CeNd,L,-7H]**
.ll” “““n.
i e
Alllll lllll‘lA ' o
998 1000 1002 1004
5+
\Y
8— l
\Y
l |
Al l :
A ‘, A A AA .
600 800 1000 1200 1400

Observed
625.4240

714.4834
728.9056
833.3960
850.2217
867.0478
999.8735
1019.8644
1040.0554
1060.2469
1249.5890
1274.8286
1299.5672
1324.8066

Simulated
625.5486

714.7688
729.1912
833.7290

Molecular formular
[Nd,L',-4H]*
[Nd,L',-SH]™
[Nd,L',(CIO,),-4H]"*
[Nd,L!,-6H]**
850.5551 [Nd,L',(ClO,),-SH]*
867.2143 [Nd,L'(ClO,),-4H]*
1000.2734 [Nd,L!,-7H]**
1020.4647 [Nd,L',(CIO,),-6H]**
1040.4557 [Nd,L',(CIO,),-5H]*
1060.6470 [Nd,L',(CIO,),-4H]**
1250.0899 [Nd,L',-8H]*
1275.3291 [Nd,L',(ClO,),-TH]*
1300.3178 [Nd,L'(ClO,),-6H]*
1325.5569 [Nd,L!(ClO,),-SH]"

Supplementary Figure 251. ESI-TOF-MS spectrum for Ce"'-Nd"' mixed-metal self-assembly of L* (CIO4
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.
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+5 1005.4784 Observed Simulated Molecular formular

6' 628.9272 628.8025 [Sm,L'-4H]*
. o8 e 718.4871 718.4875 [Sm,L'-SHJ*
P 732.9094 732.9098 [Sm,L'(CIO,)-4H]"
v Simulated
B - $38.0669 838.0675 [Sm,L'-6H]*
')
$54.7258 854.8936 [Sm,L',(CIO,)-SH]"

(Cesmpi 7~ | 8717178 871.5528  [Sm,L',(CIO,),-4H]*
3 4
1005.4784 1005.4796 [Sm,L',-7H]*
1025.6692 1025.6708 [Sm,L',(ClO,),-6H]*"
1045.8650 1045.6619 [Sm,L',(CIO,),-SH]*
g 1065.6512 1065.4521 [Sm,L',(CIO,),-4H]*"
1085.6420 1085.8441 [Sm,L',(CIO,),-3H]*
g+ 1256.5943 1256.5977 [Sm,L',-8H]"
v 4 1281.5834 1281.8367 [Sm,L',(ClO,),-7TH]*
j v 1306.5722 1306.8255 [Sm,L',(ClO,),-6H]"
. L Addda, 1332.0616 1332.0646 [Sm,L'(ClO,),-SH]"
600 800 1000 1200 1400 1356.5494 1357.0534 [Sm,L',(ClO,),-4H]"

Simulated

1000 1002 1004 1006 1008

Supplementary Figure 252. ESI-TOF-MS spectrum for Ce''-Sm'"' mixed-metal self-assembly of L* (ClO,

counter-anion) with insets showing the observed and simulated isotope patterns of the +6 peaks.

7* ‘ 45 1087.2469 Observed Simulated Molecular formular
¥ 6" 629.5545 629.5535 [Eu,L'-4HJ**
—_ Observed 719.3469 719.3459 [Eu,L',-SH]™*
.dl ™ 733.6259 733.7682 [Eu,L'(ClO,)1-4H]"
Simulated 839.0699 839.0690 [Eu,L',-6H]*"
[Eu,L'(ClO,)-3H]* 855.8959 855.8950 [Eu,L'(ClO,)-5H]*
..ll ™ 872.5549 872.5542 [Eu,L',(ClO,),-4H]*"
m Simulated 1006.6821 1006.6813 [Eu,L',-7H]*
N

CeEu,L! (CIO,) -3H]* ,
[CeEL(CI0)SHI" | 10268732 1026.8726 [Eu,L',(CIO,),-6H]

Ul hllo's% - 1046.8642 1046.8636 [Eu,L',(CI0,),-SH]*"
g+

1067.0555 1067.0549 [Eu,L',(C1O,),-4H]**
s 5¢ 1087.2469 1087.0459 [Eu,L' (ClO,),-3H]**
1107.0379 1107.2372 [Eu,L',(CIO,),-2H]**
4 1308.3278 1308.3277 [Eu,L',(ClO,),-6H]*
v 1333.3162 1333.5668 [Eu,L',(ClO,),-SH]*

. il Ly In o Ik R 1358.5554 1358.5556 [Eu,L',(C10,),-4H]"
600 800 1000 1200 1400 1383.5443 1383.7946 [Eu,L',(ClO,),-3H]"

Supplementary Figure 253. ESI-TOF-MS spectrum for Ce''-Eu'"' mixed-metal self-assembly of L' (CIO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.
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600 700 800

+5 1124.2480
Observed ’IH“
Simulated
g* [Yb,L!,(CIO,),-2H]*
fr—
Simulated
[CeYb,L1(ClO,),-2H]*
1116 1118 1120 1122 1124 1126
5+
v
. l |
900 1000 1100

Observed
569.0550

640.1862
745.7766
760.0550
774.4773
886.5641
903.2226
920.3814

1104.0573
1124.2480
1144.0398

Molecular formular
[Yb,L',-3H]""
[Yb,L',-4H]*"
[Yb,L',(CIO,),-4H]™
[Yb,L',(ClO,),-3H]"
[Yb,L',(CIO,),-2H]™
[Yb,L',(CIO,),-4H]**
903.5557 [Yb,L',(ClO,),-3H]*
920.0512 [Yb,L'(CIO,),-2H]*"
1103.8599 [Yb,L',(ClO,),-3H]**
1124.0512 [Yb,L',(CIO,),-2H]**
1144.0422 [Yb,L',(CIO,)-1H]**

Simulated
569.0562

640.0623
745.7782
760.0575
774.4799
886.5659

Supplementary Figure 254. ESI-TOF-MS spectrum for Ce"'-Yb"' mixed-metal self-assembly of L' (CIO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.

5

Observed

8+
= =
Simulated
7+
rv—
1205.0 1206.0 1207.0
6t
—_—
5+
—_—
.ll',l[ l I..I;.LIL. A 'ILI.JI. N

600 700 800 900 1000 1100 1200 1300

Observed
641.0643

753.9240
775.3468

796.7700
904.4039

929.3972
954.3904
979.3837
1145.0668
1175.0592
1205.0512
1235.0431

Simulated
641.0637

753.9231
775.3459

796.7687
904.4023

929.3956

Molecular formular
[Lu,L’,-4H]*
[Lu,L',(CF,SO,),-4H]™*
[Lu,L'(CF,SO,),-3H]"
[Lu,L',(CF,SO,),-2H]™"
[Lu,L',(CF,S0,),-4H]*
[Lu,L',(CF,S0,),-3H]*
954.3889 [Lu,L'(CF,SO,),-2H]*"
979.3821 [Lu,L'(CF,SO,).-1H]*
1145.0652 [Lu,L',(CF,SO,),-3H]*"
1175.0571 [Lu,L',(CF,SO,),-2H]*"
1205.0490 [Lu,L',(CF,SO,)-1H]**
1235.0410 [Lu,L',(CF,SO,),J**

Supplementary Figure 255. ESI-TOF-MS spectrum for Ce''-Lu"" mixed-metal self-assembly of L (CF;SO3
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.
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+5 1036.6341 Observed Simulated Molecular formular
598.0464 598.0462 [Y,L'-4H]*

6 " 683.3378 683.3375 [Y,L!-5H]"

5

o~ l 697.6165 697.6168 [Y,L'(CIO,)-4H]""
U (TP 797.0596 797.0592 [Y,L',-6H]**

Simulated [Y.L'(Cl0),3HF" | 813.7183 813.7183 [Y,L'(ClO,),-SH]*"
‘ 830.5443 830.5445 [Y,L'(ClO,),-4H]*"
“nh

3
<

]

956.2697 956.2696 [Y,L'-TH]**

1036 1037 1038 976.2605 976.2606 [Y,L',(CIO,),-6H]""
996.4518 996.4519 [Y,L'(CIO,),-5H]"*
g+ 1016.4428 1016.4430 [Y,L',(ClO,),-4H]**
v 5+ 1036.6341 1036.6342 [Y,L',(C10,),-3H]**
¥ 1195.0856 1195.0852 [Y,L',-8H]*
1220.0734 1220.0739 [Y,L',(C10,)-7TH]**
+

4v 1245.0620 12453131 [Y,L',(CIO,),-6H]**
1 J.qu ) . |, TITITD 1270.3013 12703019 [Y,L'(ClO,),-SH]*
600 800 1000 1200 1400 1295.5399 1295.5409 [Y,L'(ClO,),-4H]*

Supplementary Figure 256. ESI-TOF-MS spectrum for Ce'-Y"' mixed-metal self-assembly of L* (ClIO4
counter-anion) with insets showing the observed and simulated isotope patterns of the +6 peaks.

v 6 +5 1005.2789 Observed Simulated Molecular formular
— Olssriad 628.5525 628.8025 [Sm,L'-4H]J**
||| 718.3448 718.4875 [Sm,L'-SH]™
g’ ; 837.9008 838.0675 [Sm,L',-6H]*
Simulated
Bk [Sm,L! -7H]*

, 854.8926 854.8936 [Sm,L'(ClO,)-SH]*
“““ 871.3854 871.5528 [Sm,L!,(ClO,),-4H]*"
(Prsm.L 7 | 1005.2789 1005.4796 [Sm,L',-7H]"

1025.2693 1025.6708 [Sm,L',(CIO,),-6H]*"
5 UMD | 1045.4604 1045.6619 [Sm,L',(CIO,),-SH]*
v 1065.6518 1065.4521 [Sm,L',(CIO,),-4H]*"
1256.5955 1256.5977 [Sm,L',-8H]*

1281.8358 1281.8367 [Sm,L',(CIO,),-7H]"
1307.0550 1306.8255 [Sm,L',(ClO,),-6H]**
1331.3131 1332.0646 [Sm,L',(CIO,),-SH]*

v 4
J | é 1356.8013 1357.0534 [Sm,L' (CIO,),-4H]"
‘ Ad s

600 800 1000 1200 1400

Simulated

8+

Supplementary Figure 257. ESI-TOF-MS spectrum for Pr'"-Sm"' mixed-metal self-assembly of L (CIO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.
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. Observed ||+|5| HAD Observed Simulated Molecular formular
g — 559.7126 559.7151 [Eu,L',-3H]**
— [Eu,L'(ClO,).]* +
Sf — M 629.5507 629.5535 [Eu,L'-4HJ?
[pr‘j’é?.,“Limog,]»mnm 733.7649 733.7682 [Eu,L'(ClO,),-4H]"
S [Pfjg:;:'f}}dﬂo‘)ﬂ],_ 748.0438 748.0475 [Eu,L',(ClO,),-3H]™
Simulated 762.4658 762.4699 [Eu,L'(CIO,),-2H]™
[Pr,Eu,L! (ClO,), ] : e
1140 1142 1144 1146 1148 1150 1152 1154 872.5504 872.5542 [Eu4L 4(0104)2-4H]
g' 889.2093 889.3803 [Eu,L',(ClO,),-3H]*"
906.0351 906.0395 [Eu,L'(ClO,),-2H]*
1087.0409 1087.0459 [Eu,L'(ClO,),-3H]**
1107.2321 1107.2372 [Eu,L',(ClO,),-2H]*
1127.2231 1127.2282 [Eu,L'(ClO,)-1H]**
g* 1147.4139 1147.4194 [Eu,L'(CIO),J**
a 1 1 1
v
LJL Ild lAJJhI jA T Jl‘..ul 41]
600 700 800 900 1000 1100

Supplementary Figure 258. ESI-TOF-MS spectrum for Pr'-Eu'"" mixed-metal self-assembly of L* (ClO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.

Observed 240518 i85 Observed Simulated Molecular formular
" 569.0559 569.0562 [Yb,L'-3H]*
v 6 hhEb, Iﬂlll 640.1865 640.0623 [Yb,L'-4HJ*
' — e 745.7768 745.7782 [Yb,L'(ClO,) -4H]"
Pr Yb.L! (ClO,).]**
[Pr,YB,L'(C10)] 760.0558 17600575 [Yb,L'(CIO,),-3H]"
LYo icio,) 1 774.4782 774.4799 [Yb,L'(CIO,),-2H]"*
g 11100 11150 11200 11250 886.5645 886.5659 [Yb,L'(ClO,),-4H]*
- - 903.3899 9033920 [Yb,L'(CIO,),-3H]"
920.0489 920.0512 [Yb,L',(ClO,),-2H]*
1103.8574 1103.8599 [Yb,L'(CIO,),-3H]*
N 1124.0478 1124.0512 [Yb,L'(ClO,),-2H]*"
2 1144.0394 1144.0422 [Yb,L',(CIO,),-1H]*"
1164.4305 1164.2335 [Yb,L'(CIO,).]*"
9+
v
600 700 800 900 1000 1100 1200

Supplementary Figure 259. ESI-TOF-MS spectrum for Pr'"-Yb"' mixed-metal self-assembly of L' (CIO4
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.
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7+ 76" +5 1085.2693 Observed Simulated Molecular formular
v T 641.0633 641.0637 [LuL',-4H]*

Shewmies 732.4998 732.5003 [Lu,L'-SH]"*
746.7784 7467796 [Lu,L'(CIO,) -4H]"*
854.4152 854.4158 [Lu,L'-6H]*
St (LuL(C1O)-4H | 871 0733 871.0750 [Lu,L'(ClO,),-SH]**
887.8995 887.9011 [Lu,L',(CIO,)-4H]"
L 1025.0962 1025.0975 [Lu,L',-7H]"
1085 1086 1087 | 1045.0868 1045.0885 [Lu,L',(CIO,)-6H]"
1065.2782 1065.2799 [Lu,L',(CIO,),-SH]*"
5 1085.2693 1085.2709 [Lu,L',(CIO,),-4H]**
1281.1179 1281.1200 [Lu,L',-8H]*
1306.1059 1306.1088 [Lu,L',(CIO,),-7H]"
v . 1331.3450 1331.3480 [Lu,L',(CIO,),-6H]**
| uJ I ll 4 1356.3336 1356.3368 [Lu,L',(CIO,),-SH]*
: L

v
T 1381.5722 1381.5759 [Lu,L',(CIO,),-4H]**

600 800 1000 1200 1400

Supplementary Figure 260. ESI-TOF-MS spectrum for Pr'"-Lu"" mixed-metal self-assembly of L* (ClO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.

. 1056212 Observed Simulated Molecular formular

7+ Observed 531.7069 531.7086 [Y,L!-3H]*
— & 598.0439 598.0462 [Y,L'-4HJ**
—_ 697.6146 697.6168 [Y,L',(ClO,)-4H]"*
712.0369 712.0392 [Y,L',(ClO,),-3H]""
726.4588 726.3185 [Y,L',(ClO,),-2H]™
830.5415 830.5445 [Y,L'(CIO,),-4H]*"
g Firs T T 847.2005 847.2037 [Y,L',(ClO,),-3H]*
i 864.0265 864.0297 [Y,L!(ClO,),-2H]**
1016.4389 1016.4430 [Y,L'(CIO,),-4H]**
1036.6303 1036.6342 [Y,L'(CIO,),-3H]"*
5+ 1056.6212 1056.6253 [Y,L',(ClO,).-2H]**
— 1076.8122 1076.8165 [Y,L!(CIO,)-1H]**

9+
Y " Iy | WAL Al Lllln ke

600 700 800 900 1000 1100

Simulated

Supplementary Figure 261. ESI-TOF-MS spectrum for Pr''-Y"" mixed-metal self-assembly of L* (ClO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.
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6’ +5  1004.6786
v
7+ Observed l"
'l ...ulll”””l ““lh..
Simulated
[Sm,L!-7TH]** A
ill ™
Simulated [NdSm,L!,-7H]*
ullll”lll“ “llh.
+ 1002 1004 1006 1008
v
4*
l v
M W W WY
600 1000 1200 1400

Observed
628.1770
717.7727

732.1954
837.2338
853.8924
871.2189
1004.6786
1024.6697
1045.0610

1064.6512
1255.5958

1280.0840
1305.8241
1331.0622
1355.7998
1381.0391

Molecular formular
[Sm4L14-4H]8+
[Sm4L14-5H]7+

[Sm4L14(C104)1-4H]7+
[Sm4L14-6H]6+
854.8936 [Sm4L14(C104)1-5H]6+
871.5528 [Sm4L14(C104)2-4H]6+
1005.4796 [Sm4L14-TH]5+
1025.6708 [Sm4L14(Cl04)1-6H]5+
1045.6619 [SmAL14(Cl04)2-5H]5+

1065.4521 [Sm4L14(C104)3-4H]5+
1256.5977 [Sm4L14-8H]4+

1281.8367 [Sm4L14(C104)1-TH]4+
1306.8255 [Sm4L14(C104)2-6H]41
1332.0646 [SmAL14(C104)3-5H]41
1357.0534 [Sm4L14(C104)4-4H]41
1382.2924 [SmAL14(C104)5-3H]41

Simulated
628.8025
718.4875
732.9098
838.0675

Supplementary Figure 262. ESI-TOF-MS spectrum for Nd"'-Sm"' mixed-metal self-assembly of L* (ClIO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.

v 67‘ +5 1067.0549
Observed
7 .Anlll““ll lhl.
L Simulated 1
[EII*L‘J(CIO‘)3-4H]5‘
al llln.
Simulated
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Alll lllll.
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5+
v
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Supplementary Figure 263. ESI-TOF-MS spectrum for Nd"'-Eu""
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Observed
629.5544

719.3469
733.7688
839.0698
855.8951
872.5548
1006.6818
1026.8729
1046.8638

1067.0549
1257.8489
1283.3380
1308.3273
1333.3161
1358.5550
1383.7933

Simulated

Molecular formular
[Eu,L’,-4H]*

[Eu,L',-5H]™

[Eu,L',(CIO,),-4H]™
[Eu,L',-6H]*

855.8950 [Eu,L',(ClO,),-5H]*
872.5542 [Eu,L',(ClO,),-4H]*"
1006.6813 [Eu,L'-TH]**

1026.8726 [Eu,L',(C1O,),-6H]**
1046.8636 [Eu,L',(ClO,),-5H]**
1067.0549 [Eu,L'(ClO,),-4H]**
1258.0998 [Eu,L',-8H]*

1283.3389 [Eu,L',(C1O,),-7H]"
1308.3277 [Eu,L',(CIO,),-6H]*"
1333.5668 [Eu,L',(C1O,),-5H]*
1358.5556 [Eu,L',(ClO,),-4H]*"
1383.7946 [Eu,L',(C10,).-3H]**

629.5535
719.3459
733.7682
839.0690

mixed-metal self-assembly of L' (CIO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.



+5 1124.0477

Obseived Observed Simulated Molecular formular
g HIIMII 569.1659 569.0562 [Yb,L'-3H]*
Simulated 640.1856 640.0623 [Yb,L'-4H]*"
[Yb,L1(ClO,),-2H}**
745.7760 745.7782 [Yb,L'/(ClO,)-4H]"

+ + Simulated
g g ﬁ[ﬁ‘fi}?ﬁle4(c1OJs-zH]s+ 760.1990 760.0575 [Yb,L',(C1O,),-3H]"*

o 774.4774 774.4799 [Yb,L'(CIO,),-2H]™

[Nd,Yb,L',(CIO))-2H]"| 886.5635 886.5659 [Yb,L',(ClO,),-4H]*
1115 1120 1125 903.5559 903.3920 [Yb,L',(ClO,),-3H]*
919.8809 920.0512 [Yb,L'(CIO,),-2H]*
1103.8555 1103.8599 [Yb,L',(ClO,),-3H]**
1124.0477 1124.0512 [Yb,L',(ClO,),-2H]**

5+ 1144.4381 1144.0422 [Yb,L'(CIO,)-1H]**
o —_— 1164.2317 1164.2335 [Yb,L!(CIO,),J**
v

600 700 800 900 1000 1100

Supplementary Figure 264. ESI-TOF-MS spectrum for Nd"'-Yb"' mixed-metal self-assembly of L* (ClO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.

Obsrved 1125.4565 +3 Observed Simulated Molecular formular
7/ lll““l 569.9501 569.9463 [Lu4L‘4-3H]”+
1 li

ST — 641.0674 641.0637 [Lu,L'-4H]"
g+ Lo L(CIO,), 2HF" IIIMIII 7467830 746.7796 [Lu,L'(CIO,),-4H]"
= Simulated 761.2052 761.2020 [Lu,L',(ClO,),-3H]""
[Nd.Lu,L) (ClO,).-2H]*

775.4845 775.4813 [Lu,L'(CIO,),-2H]"
6+ 1118 1120 1122 1124 1126 887.9047 887.9011 [Lu,L'(ClO,),-4H]*
~_ 904.5638 904.5603 [Lu,L'(CIO,),-3H]*
921.3896 9213863 [Lu,L'(CIO,),-2H]*
1105.4653 1105.4622 [Lu,L'(CIO,),-3H]*
1125.4565 1125.4532 [Lu,L',(CIO,).-2H]*
1145.6474 1145.6445 [Lu,L'(CIO,)-1H]**
1165.6380 1165.6356 [Lu,L'(C10) ]

¥ 5t
> v

—

.[A,l IJLA'AA ll'll Lll..uhl AIIIL =
600 700 800 900 1000 1100

Supplementary Figure 265. ESI-TOF-MS spectrum for Nd"'-Lu"' mixed-metal self-assembly of L (CIO4
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.
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JF 6" 45 1056.6271 Observed Simulated Molecular formular

Obseivad 598.0480 598.0462 [Y,L',-4HJ*
ﬂ 683.3392 683.3375 [YL'-SH]™*
- . 697.6183 697.6168 [Y,L'(CIO,)-4H]"
Simulated A e
[Y,L1,(C10,),-2H]* 797.0609 797.0592 [Y,L',-6H]*
813.7198 813.7183 [YL'(CIO,),-SH]*
Simulated 1 J 6+
NGY,L'(CIO,).-2H]" 830.5461 830.5445 [Y,L ]4(0104)2 4H] )
976.2622 976.2606 [Y,L'(CIO,)-6H]
+
é 1055 1060 1065 1070 | 996.4534 996.4519 [YL'(CIO,),-SH]**

1016.4447 1016.4430 [Y,L',(CIO,),-4H]**
1036.6361 1036.6342 [Y,L!(CIO,),-3H]**
g+ 1056.6271 1056.6253 [Y,L',(C10,).-2H]**
v 1076.8174 1076.8165 [Y,L',(C1O,)-1H]**
1245.3134 12453131 [Y,L',(CIO,),-6H]"
" I % 1270.3027 12703019 [Y,L',(CIO,),-SH]*

) ll. A ‘l“ TR 1295.5419 1295.5409 [Y,L',(ClO,),-4H]**

600 800 1000 1200 1400 1320.5313 1320.5298 [Y,L',(ClO,),-3H]™

Supplementary Figure 266. ESI-TOF-MS spectrum for Nd"-Y"' mixed-metal self-assembly of L* (ClO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.

1124.0452 +5

Gbgecyed Observed Simulated Molecular formular
7 Simulated 569.0535 569.0562 [Yb,L'-3H]**
— [¥b.L(Cl0,)-2H]* y -
Simulated 640.0593 640.0623 [Yb,L'-4HJ*
[Sm,Yb,L! (CIO,)-2H]* *
Simulated 745.7745 745.7782 [Yb,L'(ClO,),-4H]™
6" [SmYb,L'(CIO)-2H]*" “
v Simulated 760.0507 760.0575 [Yb,L'(ClO,),-3H]""
g+ — [Sm,Yb,L! (CIO,),-2H]*

v e 774.4756 774.4799 [Yb,L'/(ClO,),-2H]™
mos 10 uis 120 125 | 886.5618 886.5659 [Yb,L',(ClO,),-4H]*
903.3872 903.3920 [Yb,L',(ClO,),-3H]*
920.0462 920.0512 [Yb,L'(ClO,),-2H]*"
1103.8538 1103.8599 [Yb,L',(CIO,),-3H]""
1124.0452 1124.0512 [Yb,L',(CIO,).-2H]""

1144.0346 1144.0422 [Yb,L!,(ClO,)-1H]**

v
1164.4276 1164.2335 [Yb,L',(CIO),]*
9+
L M

600 700 800 900 1000 1100 1200

5+

Supplementary Figure 267. ESI-TOF-MS spectrum for Sm"'-Yb"" mixed-metal self-assembly of L* (CIO4
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.
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N iosah) Observed Simulated Molecular formular
) Obsecved II “h 569.9499 569.9463 [Lu,L'-3H]**
T S : l—1641.0669 641.0637 [Lu,L'-4HJ**
[Lu L (CIOy,-2H] 746.7827 746.7796 [Lu,L'(CIO,) -4H]"*
e —| 761.2048 761.2020 [Lu,L'(ClO,),-3H]"
8 (S Lo L(CI0)2H | 995 4842 775.4813  [Lu,L'(CIO,),-2H]"*
= O i T TG 887.9043 887.9011 [Lu,L',(ClO,),-4H]*
" 904.5635 904.5603 [Lu,L',(ClO,),-3H]*"
921.3894 921.3863 [Lu,L',(ClO,),-2H]*
1105.4651 1105.4622 [Lu,L',(C1O,),-3H]**
1125.6563 1125.4532 [Lu,L',(C1O,),-2H]**
1145.6472 1145.6445 [Lu,L',(C1O,)-1H]**
. 1165.6388 1165.6356 [Lu,L',(ClO,),]"*
9 —
v
J. lJ \ sk An " .l l | "
600 700 800 900 1000 1100

Supplementary Figure 268. ESI-TOF-MS spectrum for Sm"'-Lu"" mixed-metal self-assembly of L* (ClO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.

7+ 6" 1016.4398 +5 Observed Observed Simulated Molecular formular
- v ‘ L ) 5317063 531.7086 [Y,L'-3H]*
il o 598.0438 598.0462 [Y,L',-4HJ**
| [S‘:;;:;:Sf*)f‘“’]s’ 697.6145 697.6168 [Y,L'(ClO,)-4H]"
4 A 5wy o) am 712.0365 712.0392 [Y,L'(CIO,),-3H]"
Sy Lo 4 A 7263157 7263185 [Y,L'(CIO,),-2H]"
o (IO A" A 830.5413 830.5445 [Y,L',(ClO,),-4H]*"
S A | 8200 8472037 [Y,L'(CIO,),-3H]*
8" 1020 1030 1040 1050 1060 1070| 864.0259 864.0297 [Y,L'(ClO,),-2H]*
o 1016.4398 1016.4430 [Y,L'(CIO,),-4H]*
5 1036.6294 1036.6342 [Y,L'(CIO,),-3H]"
v 1056.6205 1056.6253 [Y,L',(CIO,).-2H]**
1076.8113 1076.8165 [Y,L'(CIO,),-1H]**
4+ 1096.8021 1096.8076 [Y,L',(CIO,),]*"
v
1 " AR TN UN T TR TR VN
600 800 1000 1200 1400

Supplementary Figure 269. ESI-TOF-MS spectrum for Sm"'-Y"" mixed-metal self-assembly of L* (ClO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.
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Qhosrved S M Observed Simulated Molecular formular

Simulated ) 569.0533 569.0562 [Yb,L'-3HJ**
7+ [Yb,L'(CIO,),-2H]* A!Mh._

o Sinulated 640.0593 640.0623 [Yb,L',-4H]*
—y [Eu Yb,L'(CIO,),-2H]" m
o 7457749 7457782 [Yb,L'(CIO,),-4H]"*
6 [Equb_,L“(CIO‘)S-ZH]im
$ il 760.0537 760.0575 [Yb,L',(CIO,),-3H]"*
_— [Eu,Yb L,(CIO,) -2H]*
T 774.4759 774.4799 [Yb,L'(CIO,),-2H]"*
[Eu,L'(CIO,),-2H]* ) -
& | 886.5621 886.5659 [Yb,L',(ClO,),-4H]
9033878 903.3920 [Yb,L'(CIO,),-3H]"

920.0468 920.0512 [Yb,L!(CIO,),-2H]**
1103.8544 1103.8599 [Yb,L',(CIO,),-3H]**
1124.0460 1124.0512 [Yb,L',(CIO,),-2H]**
1144.0368 1144.0422 [Yb,L',(C1O,)-1HJ**
1164.0275 1164.2335 [Yb,L',(CIO),]°"

600 700 800 900 1000 1100 1200

Supplementary Figure 270. ESI-TOF-MS spectrum for Eu"'-Yb"' mixed-metal self-assembly of L (CIO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.

¥ . +5 1125.4543 Observed Simulated Molecular formular
v g ‘ 641.0649 641.0637 [Lu,L',-4H]J**

- 732.5015 7325003 [Lu,L'-SH]"
746.7805 7467796 [Lu,L',(CIO,) -4H]"*

LLLLUUU‘UM. 854.4171 854.4158 [Lu,L',-6H]"
PR (nLi(CI0)2HT | 871 0758 871.0750 [Lu,L'(CIO,),-SHI*
887.9019 887.9011 [Lu,L',(CIO,),-4H]"
N A A A A ™ 1045.0892 1045.0885 [Lu,L',(ClO,),-6H]*
s 126 1127 1065.2807 1065.2799 [Lu,L',(CIO,),-SH]*
g+ 1085.2720 1085.2709 [Lu,L',(CIO,),-4H]*
v . 1105.4631 1105.4622 [Lu,L',(ClO,),-3H]*
2 1125.4543 1125.4532 [Lu,L' (ClO,).-2H]*
1306.1092 1306.1088 [Lu,L',(CIO,),-7H]*
. 13313481 1331.3480 [Lu,L',(CIO,),-6H]"
J“ - 1356.3372 1356.3368 [Lu,L',(CIO,),-SH]*
Al _LLJ ll‘ THTUTI 1381.5761 1381.5759 [Lu,L',(CIO,),-4H]*

600 800 1000 1200 1400 1406.5651 1406.5647 [Lu,L'(ClO,).-3H]"

Supplementary Figure 271. ESI-TOF-MS spectrum for Eu'"'-Lu"" mixed-metal self-assembly of L (CIO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.
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10566205 +5  Observed Observed Simulated Molecular formular
T 531.7063 531.7086 [Y,L'-3H]*
— N RGO, -2H] 598.0438 598.0462 [Y,L!-4H]*
& (B L(C10,) -2H] 697.6145 697.6168 [Y,L',(ClO,)-4H]"
By 10y 2Hp 712.0365 712.0392 [Y,L',(CIO,),-3H]"*
[FuY L (C10),-2H]* i 7263157 7263185 [Y,L'(ClO,),-2H]™
§+ (EuT(CI0,) - 2H] 830.5413 830.5445 [Y,L',(ClO,),-4H]*
T 1000107010 1090 100 847.2001 847.2037 [Y,L',(ClO,),-3H]*
864.0259 864.0297 [Y,L'(ClO,),-2H]*
1016.4381 1016.4430 [Y,L',(ClO,),-4H]**
1036.6294 1036.6342 [Y,L',(ClO,),-3H]**
. 1056.6205 1056.6253 [Y,L',(ClO,),-2H]**
v 1076.8113 1076.8165 [Y,L',(ClO,),-1H]**
g 1096.8021 1096.8076 [Y,L',(ClO,),]**
600 700 800 900 1000 1100 1200

Supplementary Figure 272. ESI-TOF-MS spectrum for Eu'"-Y"' mixed-metal self-assembly of L}(ClO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks

+6  930.8485 Observed Simulated Molecular formular
6 Observed 576.2553 576.2545 [La,L'(ClO,),-1H]*

—_ 587.4718 587.3607 [La,L'(CIO,),]"*
5* 648.1618 648.1604 [La,L',(CIO,),-2H]**

7+ V ~Simulated [Lal!(ClO)]* | 660.7805 660.6548 [La,L'(ClO,),-1H]*

673.2749 673.2744 [LaL',(ClO,),]*
740.6122 740.6109 [La,L'/(CIO,),-3H]"

755.0340 754.8902 [La,L'/(CIO,),-2H]""
769.3128 769.3125 [La,L',(CIO,),-1H]"
783.5919 783.5919 [La,L',(CIO,),]"
897.1972 897.3634 [La,L',(CIO,),-2H]*"
914.1895 914.0226 [La,L',(CIO,),-1H]*"
930.8485 930.8486 [La,L',(C1O,),]*
1116.8167 1116.8169 [La,L',(CIO,),-1H]**
1137.0078 1136.8080 [La,L',(Cl0,),]*"
1446.2492 1446.2497 [La,L',(ClO,),J*

930 931 932

600 800 1000 1200 1400

Supplementary Figure 273. ESI-TOF-MS spectrum for La''/Ca"/Cd" mixed-metal self-assembly of L*
(CIO4 counter-anion) with insets showing the observed and simulated isotope patterns of the +6 peaks.

140



v

A

9*1

600 700 800

Observed
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\4

Simulated s
——[Eu,L!(CIO,),-2H]* MMMI
Simulated
IMMMI [Pr,Eu,L! (CIO,).-2H]™
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872.5553

1102
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1087.0470
1107.0383
1127.2295
1147.4207

1200

Simulated
559.7151
629.5535
719.3459
733.7682
839.0690

855.8950

Molecular formular
[Eu,L’,-3H]**
[Eu,L',-4HJ*"
[Eu,L',-SH]™
[Eu,L',(C1O,),-4H]"
[Eu,L',-6H]**
[Eu,L',(C1O,),-SH]*
872.5542 [Eu,L',(CIO,),-4H]*"
889.3803 [Eu,L',(CIO,),-3H]*"
1006.6813 [Eu,L',-7H]**
1026.8726 [Eu,L',(ClO,),-6H]**
1046.8636 [Eu,L',(ClO,),-SH]**
1067.0549 [Eu,L',(ClO,),-4H]**
1087.0459 [Eu,L',(ClO),-3H]*
1107.2372 [Eu,L',(ClO,),-2H]**
1127.2282 [Eu,L',(CIO)-1H]*
1147.4194 [Eu,L'(CIO),I**

Supplementary Figure 274. ESI-TOF-MS spectrum for La"'/Pr'"'/Eu" mixed-metal self-assembly of
(CIO4 counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.
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Supplementary Figure 275. ESI-Q-TOF mass spectrum of La"'/Nd"' mixed-metal self-assembled complexes
with L' (ClO,~ salt) with the metal and ligand ratio as La"' : Nd"' : L' =0.5: 0.5 :1.
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Nonlinear fitting of the MS isotope peaks

12 @ Observed

1 B Simulated

0.8

| %

0.6

0.4

0.2

v
n
P

0
862.5 864.5 866.5 868.5 870.5

m/z

Supplementary Figure 276. Nonlinear curve fitting of simulated isotope patterns of La'"'//Nd"" mixed-metal
self-assembled complexes with L' (CFsSO; ™ salt) with the metal and ligand ratio as La'"' : Nd"' : L' = 0.5 :
0.5:1.

'H NMR spectra and ESI-TOF-MS indicated the biased formation of two homometallic cages, along with
some statistical mixture of heterometallic complexes. For lanthanide pair of La"'/Nd"", nonlinear curve fitting
of the isotope patterns using the following models, a : [Las(LY)4]"**, b: [LagNd1(L")4]"*", c: [LaoNdy(LY)]"*, d:
[LaiNds(LY)a]™, e: [Nda(LN)a]** (4a+3b+2c+d=b+2c+3d+4e) has been carried out. It turns out that the
observed isotope patterns approximately agrees with a composition of [Las(L")a]'*" : [LasNdy(LY)]*" :
[LagNdy(L),] %" : [LagNd3(LY)a]™" : [Ndy(L),]*** = 1.08:1.94:1.28:1:1.55

Nonlinear fitting of the MS isotope peaks
1.2 @ Observed
1 M Simulated
o 'I IW' %00,
0.8 : I ’9.
[ | [ | *
X 06 u | ®
— 2 - [ ] 0’
0.4 m o
. [ | (4
0.2 u ’0‘
Y,
0
862.5 864.5 866.5 868.5 870.5
m/z

Supplementary Figure 277. Simulated isotope patterns of pure statistically-distributed mixtures of La"'/Nd""
mixed-metal self-assembled complexes with L' (CF5SO; salt) with the metal and ligand ratio as La"' : Nd"' :
L =05:05:1.

In theory, pure statistically-distributed mixtures of [Lna,Lnb,.,(L")s]*** (n = 0-4) species would favour the
formation of the ELnaanbz(Ll)ﬂ,]12+ complex (statistical distribution ratio: [Lna4(L1)43]12+ : [LnasLnby(LY)4]*"
[Lna,Lnby(LY),1"" : [LnasLnbs(LY)a]"" : [Lnba(LY),]* = Cs*: C4 C2: C2Cy?: CPCyt:C = 1:16:36:
16: 1.

12+

142



Observed 1096.8556

[La,Eu,,, L' (CF,S0,),-4H]*

1096.85v56 Simulated
[La,L!(CF,SO,),-4H]*
Simulated

[La,Eu L' (CF,SO,),-4H]**

. ’ Simulated ,Eu,L! (CF,SO,),-4H]
[La,Eu,,L!,(CF,SO,) -4H] d

-y 4
1408.30v79 Simulated
1 . 6
[La,Eu,L! (CF,SO,),-4H] I"‘“hl-

[LaEu, L' (CF,SO,),-3H]* Simulated
914.2138 ‘ ‘ [Eu,L,(CF,SO,),-4H]*
v - .
‘ 1087.5 1092.5 1097.5
I |
| i
[LaEu,,L'(CF,S0,)-4H]" | ‘ ‘
735.1879 ‘
v & ‘ "

| I} |

) l I | | |

800 1000 1200 1400 1600 m/z

Supplementary Figure 278. Simulated isotope patterns of pure statistically-distributed mixtures of La"/Eu""
mixed-metal self-assembly complexes with L* (CF;SO5 salt) with the metal and ligand ratio as La"" : Eu"": L
=05:05:1.
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Supplementary Figure 279. Simulated isotope patterns of pure statistically-distributed mixtures of La"'/Lu""
mixed-metal self-assembly complexes with L* (CF;SO; salt) with the metal and ligand ratio as La" : Lu"" : L
=05:05:1
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Supplementary Figure 280. ESI-TOF-MS spectrum for La"'-Ce""" mixed-metal self-assembly of L3(CIO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +3 peaks.
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Supplementary Figure 281. ESI-TOF-MS spectrum for La'"'-Pr'"" mixed-metal self-assembly of L3(CIO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +3 peaks.
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Supplementary Figure 282. ESI-TOF-MS spectrum for La"'-Nd"' mixed-metal self-assembly of L*(CIO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +3 peaks.
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Supplementary Figure 283. ESI-TOF-MS spectrum for Ce"'-Nd"' mixed-metal self-assembly of L3(ClO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +3 peaks.
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Supplementary Figure 284. ESI-TOF-MS spectrum for Ce''-Sm"!" mixed-metal self-assembly of L3(ClO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +3 peaks.
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Supplementary Figure 285. ESI-TOF-MS spectrum for Pr'"'-Sm"' mixed-metal self-assembly of L3(ClO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +3 peaks.
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Supplementary Figure 286. ESI-TOF-MS spectrum for Pr'"-Eu""" mixed-metal self-assembly of L3(ClO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +3 peaks.
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Supplementary Figure 287. ESI-TOF-MS spectrum for Nd"'-Sm'"" mixed-metal self-assembly of L3(CIO4
counter-anion) with insets showing the observed and simulated isotope patterns of the +3 peaks.
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Supplementary Figure 288. ESI-TOF-MS spectrum for Nd"'-Eu"" mixed-metal self-assembly of L3(ClO,
counter-anion) with insets showing the observed and simulated isotope patterns of the +3 peaks.
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Supplementary Figure 289. ESI-TOF-MS spectrum for La"'-Ce"' mixed-metal self-assemblyof L°® (CF5SO3
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.
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Supplementary Figure 290. ESI-TOF-MS spectrum for La"'-Pr'"' mixed-metal self-assemblyof L°® (CF;SO5
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.
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Supplementary Figure 291. ESI-TOF-MS spectrum for La'"'-Eu"" mixed-metal self-assemblyof L°® (CF;SO3
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.
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Supplementary Figure 292. ESI-TOF-MS spectrum for La"'-Lu"" mixed-metal self-assemblyof L® (CF;SO3
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.
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Supplementary Figure 293. ESI-TOF-MS spectrum for Eu"'-Lu"" mixed-metal self-assemblyof L® (CFsSO;
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.
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Supplementary Figure 294. ESI-TOF-MS spectrum for Pr''-Eu""" mixed-metal self-assemblyof L°® (CF;SO5
counter-anion) with insets showing the observed and simulated isotope patterns of the +5 peaks.
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Supplementary Fi
experiments of Pr'

9u

toward [LasL’s]

12+

re 295. ESI-TOF-MS spectra monitoring the post-synthetic metal-ion metathesis
(CIO4 counter-anion) at different time intervals (A) and the

coresponding isotope patterns of the 5+ peaks (B).

By carefully comparing the observed and simulatedisotope patterns of ESI-TOF-MS, it can be seen that a
mixture of [LnnPr(4_n)L14]12+ (n=0-4) complexes were observed at 7min and La(lll) was gradually substituted
by Pr(lll) over ca. 30min. The metathesis experiments reached equilibrium faster than that in the NMR
experiment, which is possibly due to a low reaction concentration in this case.
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Supplementary Figure 296. Estimated relative stability constants S nina comparison of L* and L* based on
post-synthetic metal-ion metathesis experiments.
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Supplementary Figure 297. Extraction performance of L° self-assembled complexes in CHCls (A), in
CHCIy/H,0 for 20 min with slight stirring (B), in CHCI; after removal of H,O (C); L* self-assembled
complexes in CHCI3 (D), in CHCI3/H,0 for 20 min with slight stirring (E), in CHCI 3 after removal of H,O (F)
and L° self-assembled complexes in CHCI; (G), in CHCI4/H,O for 20 min with slight stirring (H), in CHCls
after removal of H,O (1).
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Supplementary Tables

Supplementary Table 1. Comparison of the "H NMR chemical shifts (5;) for L* and tetrahedral complexes

Lns(LY)4 (CD4CN, 298 K).

a b c e f g p m n i i d h

L 793 784 787 842 812 834 724 748 735 1.70 536 10.08 8.67
[CagL"™ | 780 716 720 835 835 835 720 720 7.20 171 508 9.74 8.39
[CdyLY ) | 778 715 7.20 835 835 835 720 720 720 1.71 509 971 835
[Y.LH)™ | 772 721 710 857 840 851 7.16 7.16 7.01 164 496 1067 9.18
[LagL"%)"%" | 779 722 717 859 852 847 7.09 7.09 7.17 170 509 10.35 8.96
[LugLY™ | 773 720 7.0 856 839 850 7.17 7.17 7.00 1.64 4.94 1067 9.18
[Smy(LY* | 770 721 721 849 854 849 710 7.10 721 169 508 1043 9.16
[CesLY,"”" | 812 735 716 884 899 872 7.16 7.16 7.23 194 583 11.38 10.07
[PryL",* | 582 553 582 10.11 1003 985 7.44 7.16 7.44 110 365 11.96 11.23
[Ndy L") | 769 875 753 923 891 910 718 725 7.18 221 6.39 1277 11.84
[EugL"'™ | 794 867 773 645 722 638 7.05 7.05 694 193 595 6.94 476
[Ybs(L"** | 9.67 1194 937 724 7.04 704 649 649 665 290 7.94 1057 834

Supplementary Table 2. Comparison of metal ion selectivity with ligands of different coordination units.

Ln,L; in Hooley’s work® Ln,L; in this work LngL, in this work

La/Sm 0.36/1 complete complete
La/’Y 0.03/1 complete complete

Pr/Sm 0.33/1 0.13/1 0.07/1
Pr/Y 0.29/1 complete complete

“Relative percentage of complexes after displacement titrations as reported in literature®’.
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Supplementary Table 3. Selectivity (defined by [Lnb(I11)]/[Lna(ll1)] on the tetrahedral cage complex)
observed in one-pot mixed-metal self-assembly using L2

La Ce Pr Nd Sm Eu Y Yb Lu
Foay/A? 1.22 1.20 1.18 1.16 1.13 1.12 1.08 1.04 1.03
La 8.33 7.69 C

Ce 5.88 14.29
Pr 14.29
Nd 5.88
Sm

Eu

[Lnb(1I1}/[Lna(111)] was calculated from the integrals in the "H NMR spectra of mixed-metal self-assembly
complexes, with a systematic error of 5%. M represents complete metal selectivity, © represents highly
efficient metal selectivity and ™ represents no obvious metal selectivity.

°rLnquy/A is ionic radii for coordination number as 9%,

°No Lna(lll) complexes were detected by NMR and ESI-MS.

¢ The ionic radii of Ln(111) ions shrinks gradually along the series as a result of lanthanide contraction. While
our results on metal ion selectivity mainly follow the ionic radii sequence, other factors, such as
electronegativity, could not be neglected. According to the Pauling’s rule in electronegativity, lanthanide ions
with smaller ionic radii tend to have bigger electronegativity. However, there are always exceptions. For
example, Yb(IIl), which has an ionic radius just bigger than the smallest Lu(lll), bears the minimum
electronegativity among all the trivalent lanthanides. So there is a difference in metal ion selectivity between
Yb(I11) and Lu(lll).

Moreover, ESI-TOF-MS measurements indicate non-absolute metal ion self-recognition assembly of L* with
Ln""7vb" (Ln = Ce, Pr, Nd, Sm, Eu) mixtures. However, the severe line-broadening of the *H NMR spectrum
caused by paramagnetism of Yb"' hinders precise quantitation of different lanthanide ions in the assembled
complexes through integration of the NMR spectra.
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Supplementary Table 4. Estimated relative stability constants of [Ln°,L"4]**" over [Ln%L%,]**

synthetic metal-ion metathesis experiments (CDsCN, 400 MHz, 298 K) (with 5% exp. error).

based on post-

Metal combination log(BLnbiLna) Metal combination  109(BLnb/na)
CelLa 3.81 Nd/Ce 2.94
Pr/La 3.61 Sm/Ce 5.08
Nd/La 6.75 (lOgﬁNd/cg'*'lOg,BCe/La) Sm/Pr 5.08
sm/La 8.89 (logBsmice +10gBcerLa) Eu/Pr 5.83

8.69 (logBsmer +109Bpy1a) Sm/Nd 2.94
Eu/La 9.44 (logBewpr +1098prLa) Eu/Nd 4,76

Supplementary Table 5. Estimated relative stability constants of [Ln",L>5]®* over [Ln%L>;]®" based on post-
synthetic metal-ion metathesis experiments (CD3;CN, 400 MHz, 298 K) (with 5% exp. error).

Metal combination 109(BLnb/Lna) Metal combination  109(fLno/na)
Ce/La - Nd/Ce 1.27
Pr/La 0.67 Sm/Ce 2.41
Sm/La 2.97 (logBsmer +1098pr1La) Sm/Pr 2.30
Eu/La 3.62 (logBewpr +109Bpr1La) Eu/Pr 2.95

Sm/Nd 1.27
Eu/Nd 2.20

Supplementary Table 6. Extraction performance of L° self-assembled complexes in CHCly/H,0.%

Metal combination Starting material/mg Extract in water/mg St na/Lob
1.18/1.21 0.37/0.219 2.1
La/Pr 1.28/1.29 0.5972/0.3637 2.2
1.32/1.24 0.5614/0.3367 1.9
1.00/1.07 0.49/0.11 8.4
La/Eu 1.19/1.33 0.154/0.022 8.9
1.25/1.34 0.1418/0.0207 8.1
1.17/1.40 0.57/0.015 87.7
La/Lu 1.22/1.49 0.8543/0.039 86.7
1.33/1.61 0.54/0.013 84.0
1.10/1.24 0.32/0.127 3.6
Pr/Eu 1.29/1.37 0.0838/0.0264 3.6
1.30/1.36 0.0715/0.0192 4.1
1.26/1.36 0.12/0.015 94
Euw/Lu 1.34/1.54 0.5592/0.0976 10.6
1.36/1.55 0.477/0.1018 7.7

ElFor both metal combinations of La"™/Lu™ and Eu"/Lu", the concention of Lu"' was setted as 1 ppb, the
lower detection limit of the instrucment, as its concentration after dilution preparation for ICP tests went
beyond the lower detection limit (with #5% exp. error).
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Supplementary Table 7. Crystal data and refinement of complex Cd,L", (CIO, salt).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 18.225°
Refinement method

Data / restraints / parameters

Goodness-of-fit on F2

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

Absolute structure parameter
Extinction coefficient
Largest diff. peak and hole

p6322_final

C828 H684 Cd12 CI18 N108 0163

16741.69
293(2) K

0.750 A
Hexagonal
P6322
a=48.446(4) A
b = 48.446(4) A
c=35.873(3) A
72916(13) A3

2

0.763 Mg/m3

0.286 mm-1
17188

a=90°
B=90°.
y=120°

0.20 x 0.20 x 0.30 mm3

1.024 t0 18.225<

-34<=h<=34, -34<=k<=34, -24<=I<=25

260315

11880 [R(int) = 0.0639]

80.0 %

Full-matrix least-squares on F2

11880/ 3404 /1373

1.270

R1=0.0991, wR2 = 0.2659
R1=0.1059, wR2 = 0.2770

0.029(17)
n/a

0.464 and -0.241 e.A-3
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Supplementary Table 8. Crystal data and refinement of complex LasL,; (ClO, salt).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z
Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 22.024°
Absorption correction
Refinement method

Data / restraints / parameters

Goodness-of-fit on F2

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

Absolute structure parameter
Extinction coefficient
Largest diff. peak and hole

p213

C276 H228 CI12 La4 N36 080
6309.97

293(2) K

0.750 A

Cubic

P2:3

a=42.908(2) A 0= 90°
b=42.9082) A B=90°
c=42.908(2) A ¥=90°
78995(13) A3

8

1.061 Mg/m3

0.651 mm-1
25664

0.18 x 0.18 x 0.18 mm3

0.708 t0 22.024<

-42<=h<=42, -38<=k<=38, -42<=|<=42
464086

27430 [R(int) = 0.0838]

99.7 %

None

Full-matrix least-squares on F2
27430/ 3895/ 2392
1.090

R1 =0.0940, wR2 = 0.2387
R1=0.1126, wR2 = 0.2553
0.042(4)

n/a

0.983 and -1.287 e.A-3
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Supplementary Methods

Synthesis and phyS|caI properties of Ilgands L-®
Synthesis of L*®: Enantiomeric pure L* were synthesized according to reported procedures with
spectroscopic data consistent with the literature. 5% %3

Supplementary Figure 298.Chemical structures of compounds 4-6.

Synthesis of Compound 6: To a stirred solution of 2,6-pyridinedicarboxylic acid (5.00 g, 30.0 mmol,
2.5 equiv.) in anhydrous DMF/DCM (60 mL) at room temperature, HATU (4.56 g, 12.0 mmol, 1 equiv.) was
added under nitrogen. After stirring for 30 min, di-N-dodecylamine (5.09 g, 14.4 mmol, 1.2 equiv.) was added,
followed by the addition of DIPEA (5.50 mL, 31.6 mmol, 2.6 equiv.) over 5 min. The resulting solution was
stirred at room temperature for 12 h and then diluted with water (100 mL). After extracted with DCM (5 %< 30
mL), dried with MgSO, and concentrated in vacuo, the crude product was purified with flash column
chromatography (DCM/MeOH = 50:0 to 50:1) to give 6 as a light yellow powder: (5.10 g, 10.1 mmol, 70%
yield) '"H NMR (400 MHz, CDCls) 5 8.29 (d, J = 8.3 Hz, 1H), 8.14-7.96 (m, 1H), 7.91-7.65 (m, 1H), 3.52 (s,
2H), 3.24 (s, 2H), 1.70 (s, 2H), 1.58 (s, 2H), 1.27 (s, 36H), 0.88 (s, 6H). *C NMR (101 MHz, CDCl3) & 167.24,
164.00, 154.06, 145.52, 139.32, 126.98, 124.33, 48.96, 45.85, 31.93, 29.63, 29.43, 29.36, 29.17, 29.08, 27.48,
27.12, 26.65, 22.69, 14.12. HR-MS (ESI) m/z calcd for CyHssN,05 ([M+H]™): 503.4207; found 503.4209.

Compounds 4 and 5 were synthesized in a similar procedure as 6, by replacing di-N-dodecylamine with
dodecanamine and octadecanamine, respectively.

4: light yellow powder, 69% yield. "H NMR (400 MHz, CDCl3) & 8.49 (d, J = 7.8 Hz, 1H), 8.37 (d, J =
7.7 Hz, 1H), 8.19 (s, 1H), 8.11 (t, J = 7.8 Hz, 1H), 3.49 (dd, J = 13.8, 6.8 Hz, 2H), 1.67-1.60 (m, 2H), 1.39—
1.19 (m, 18H), 0.87 (t, J = 6.7 Hz, 3H). *C NMR (101 MHz, CDCl3) & 164.68, 163.17, 149.79, 145.40, 139.58,
126.87, 126.57, 39.95, 31.91, 29.64, 29.62, 29.54, 29.34, 27.04, 22.68, 14.11. HR-MS (ESI) m/z calcd for
C1sH31N,05 ([M+H]™): 335.2329; found 335.2329.

5: light yellow powder, 70% yield. *H NMR (400 MHz, CDCl;) & 8.46 (d, J = 7.8 Hz, 1H), 8.34 (d, J =
7.6 Hz, 1H), 8.08 (t, J = 7.8 Hz, 1H), 8.02 (s, 1H), 3.48 (dd, J = 13.7, 6.8 Hz, 2H), 1.67-1.59 (m, 2H), 1.34—
1.22 (m, 30H), 0.88 (t, J = 6.8 Hz, 3H). *C NMR (101 MHz, CDCl3) § 165.01, 163.07, 149.87, 146.05, 139.49,
126.76, 126.43, 39.93, 31.93, 29.71, 29.66, 29.62, 29.56, 29.37, 29.34, 27.05, 22.69, 14.12. HR-MS (ESI) m/z
calcd for CosHasN,05 ([M+H]): 419.3268; found 419.3265.

R

o
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1. P N NP
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O 15 R HUOS SN NS AN

N

Supplementary Figure 299. Chemical structures of L*®

Synthesis of L*°: Compound 6 (1.86 g, 3.70 mmol, 1 equiv.) was dissolved in thionyl chloride (SOCI,,
10 mL), followed by the addition of 2 drops of DMF at room temperature. After stirring the reaction mixture at
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50<C for 3h, excess SOCI, was removed in vacuo and the resulting residue was used without further
purification. The acid chloride was dissolved in anhydrous DCM (50 mL) and treated with 1,3,5-tris(4-
aminophenyl)benzene (325.1 mg, 0.92 mmol, 0.25 equiv.) and N-ethyldiisopropylamine (1 mL) at 0<C. The
resulting solution was allowed to warm to room temperature and the reaction was monitored by TLC until all
starting materials were consumed. After removing the solvent under reduced pressure, the product was purified
with column chromatography (DCM:MeOH = 100:1) to give L° as pale yellow solid (1.30 g, 0.72 mmol) in 78%
yield. '"H NMR (400 MHz, CDCl5) & 9.89 (s, 3H), 8.38(d, J = 6.8 Hz, 3H), 8.03(t, J = 8.0 Hz, 3H), 7.90(d, J =
8.8 Hz, 6H), 7.79 (s, 3H), 7.76 (d, J = 8.0 Hz, 6H), 7.69(d, J = 8.4 Hz, 3H), 3.56(t, J = 8.0 Hz, 6H), 3.24(t, J =
8.0 Hz, 6H), 1.73(m, J = 7.2 Hz, 6H), 1.62(m, J = 4.4 Hz, 12H), 1.40 (s, 12H), 1.27 (s, 42H), 1.12(s, 48H),
0.87(m, J = 7.2 Hz, 9H), 0.82(m, J = 7.2 Hz, 9H). *C NMR (101 MHz, CDCls) & 168.11, 161.44, 153.95,
148.65, 141.76, 138.84, 137.34, 137.07, 127.97, 125.59, 124.49, 122.85, 120.17, 48.88, 45.62, 31.93, 31.87,
29.68, 29.66, 29.57, 29.54, 29.48, 29.37, 29.29, 29.24, 29.13, 27.51, 27.16, 26.72, 22.69, 22.65, 14.12, 14.10.
HR-MS (ESI) m/z calcd for Ci17H17sNoOg ([M+H]*"): 1806.3927; found 1806.3930.

L* and L were synthesized in the same procedure as above, by replacing starting material 6 with 4 and 5,
respectively.

L* pale yellow solid, 75% yield. '"H NMR (400 MHz, CDCl5) & 9.63 (s, 3H), 8.46 (dd, J = 16.6, 7.7 Hz,
6H), 8.11 (t, J = 7.5 Hz, 3H), 7.88 (d, J = 8.1 Hz, 6H), 7.85-7.75 (m, 9H), 7.75 (s, 3H), 3.57 (d, J = 6.5 Hz,
6H), 1.71 (d, J = 6.8 Hz, 12H), 1.45 (s, 6H), 1.25 (s, 42H), 0.84 (d, J = 6.6 Hz, 9H)."*C NMR (101 MHz,
CDCly) 6 163.29, 161.34, 149.24, 148.72, 141.72, 139.42, 137.53, 136.83, 128.02, 125.59, 125.25, 124.58,
120.54, 39.84, 31.90, 29.79, 29.67, 29.63, 29.39, 29.34, 27.15, 22.67, 14.11. HR-MS (ESI) m/z calcd for
Ce1H106NgOg ([M+H]™): 1300.8261; found 1300.8254.

L>: pale yellow solid, 72% yield. *H NMR (400 MHz, CDCls) § 9.64(s, 3H), 8.47 (d, J = 8.0 Hz, 3H),
8.43 (d, J=8.0 Hz, 3H), 8.09 (t, J = 7.6 Hz, 3H), 7.87 (m, J = 8.4 Hz, 9H), 7.75(d, J = 8.4 Hz, 9H), 3.56 (m, J
= 6.8 Hz, 6H), 1.71 (m, J = 7.2 Hz, 6H), 1.43 (m, J = 6.4 Hz, 6H), 1.22 (s, 84H), 0.87(t, J = 6.4 Hz, 9H). **C
NMR (101 MHz, CDCl3) 6 163.31, 161.35, 149.27, 148.74, 141.64, 139.38, 137.48, 136.83, 127.97, 125.61,
125.22, 124.58, 120.56, 100.00, 39.85, 31.91, 29.69, 29.65, 29.39, 29.35, 27.15, 22.68, 14.11, 10.78. HR-MS
(ESI) m/z calcd for CogH145NgOg ([M+H]™): 1554.1110; found 1554.1137.

Synthesis and physical properties of [ML*,]** and [Ln,L]**

[PryL"4](ClO4)12: "H NMR (400 MHz, CD3CN) & 11.96(s, 3H), 11.23(s, 3H), 10.11(s, 3H), 10.03(t, J =
6.0 Hz, 3H), 9.85(d, J = 6.0 Hz, 3H), 7.44(t, J = 8.0 Hz, 9H), 7.16(d, J = 4.8 Hz, 6H), 5.82(s, 9H), 5.53(s, 6H),
3.65(s, 3H), 1.10(s, 9H). *C NMR (101 MHz, CD;CN) & 167.27, 152.02, 151.45, 142.42, 142.01, 141.24,
139.14, 137.14, 134.49, 129.43, 128.49, 126.59, 126.30, 122.50, 121.45, 53.14, 29.92, 20.43. ESI-TOF-MS
calcd for [M-8(CIO,)-4(HCIO,)]** 624.0471, found 624.0475; calcd for [M-7(ClO,)-5(HCIO,)]™ 713.0528,
found 713.0533; caled for [M-6(ClO,)-6(HCIO,)]®* 831.7271, found 831.7277; calcd for [M-5(CIOy)-
7(HCIO,)]** 997.8710, found 997.8714; calcd for [M-4(CIO4)-7(HCIO,)]** 1272.0757, found 1272.0751.

[NdsL'4](Cl04)12: *H NMR (400 MHz, CD3CN) & 12.77(s, 3H), 11.84(s, 3H), 9.23(d, J = 6.8 Hz, 3H),
9.10(d, J = 6.4 Hz, 3H), 8.91(d, J = 6.4 Hz, 3H), 8.75(s, 6H), 7.69(s, 6H), 7.53(s, 3H), 7.25(s, 6H), 7.18(s, 9H),
6.39(s, 3H), 2.21(s, 9H). *C NMR (101 MHz, CD;CN) & 168.22, 166.21, 149.04, 143.80, 143.52, 142.32,
140.79, 138.97, 138.82, 136.63, 129.19, 128.26, 128.19, 126.54, 124.14, 123.72, 54.60, 29.92, 21.56. ESI-
TOF-MS calcd for [M-9(CI0,)-3(HCIO,)]* 556.1551, found 556.1555; calcd for [M-8(ClO,)-4(HCIO,)]®
625.5486, found 625.5495; calcd for [M-7(CIO,)-4(HCIO,)]™" 729.1912, found 729.1922; calcd for [M-
6(C10,)-4(HCIO,)]®" 867.2143, found 867.2156; calcd for [M-5(ClO,)-2(HCIO.)®" 1100.8293, found
1101.0303; calcd for [M-4(Cl10,)-2(HCIO4)]** 1401.0238, found 1400.7736.

[Sm,LY](Cl104)12: *H NMR (400 MHz, CD3CN) 810.43(s, 3H), 9.16 (d, J = 6.4 Hz, 3H), 8.54(t, J = 4.0
Hz, 3H), 8.49 (s, 6H), 7.70 (d, J = 8.0 Hz, 6H), 7.21(t, J = 8.0 Hz, 15H), 7.10(s, 9H), 5.08 (m, J = 6.8 Hz, 3H),
1.69 (d, J = 6.8 Hz, 9H).”°*C NMR (101 MHz, CD5CN) & 170.17, 169.02, 150.06, 149.69, 144.29, 142.46,
140.20, 138.42, 135.51, 129.20, 128.18, 127.51, 126.28, 125.81, 123.72, 123.32, 52.85, 29.91, 21.33. ESI-
TOF-MS calcd for [M-8(ClO4)-4(HCIO,)]®* 628.8025, found 628.8033; calcd for [M-7(Cl0,)-5(HCIO,)]™*
718.4875, found 718.4881; calcd for [M-6(CIO,)-6(HCIO,)]®" 838.0675, found 838.0682; calcd for [M-
5(ClO,)-7(HCIO,)]*" 1005.4796, found 1005.4798; calcd for [M-4(ClO4)-6(HCIO,)]** 1306.8255, found
1306.8249.
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[Y4L%4](Cl04)12: *H NMR (400 MHz, CDsCN) & 10.67(s, 3H), 9.18 (d, J = 6.8 Hz, 3H), 8.57(d, J = 8.0
Hz, 3H), 8.51(d, J = 8.0 Hz, 3H), 8.40(t, J = 8.0 Hz, 3H), 7.72 (d, J = 8.8 Hz, 6H), 7.21 (d, J = 8.8 Hz,
6H),7.16 (d, J = 6.8 Hz, 9H), 7.10(s, 3H), 7.01(t, J = 4.8 Hz, 6H), 4.96(m, J = 6.8 Hz, 3H), 1.64(d, J = 7.2 Hz,
9H). *C NMR (101 MHz, CD3CN) & 167.27, 166.50, 148.04, 147.68, 143.72, 142.41, 140.19, 138.45, 135.58,
129.17, 128.06, 127.52, 126.90, 126.51, 126.20, 123.70, 123.26, 122.92, 119.74, 52.80, 21.35. ESI-TOF-MS
calcd for [M-8(CIO,)-4(HCIO,)]®* 598.0462, found 598.0473; calcd for [M-7(Cl0,)-5(HCIO,)]"* 683.3375,
found 683.3384; calcd for [M-6(CIO4)-6(HCIO,)]®" 797.0592, found 797.0605; calcd for [M-5(CIOy)-
7(HCIO,)]** 956.2696, found 956.2706; calcd for [M-4(ClO4)-5(HCI0,)]** 1270.3019, found 1270.3021.

[YbsL'4](CF3S05)1: *H NMR (400 MHz, CDsCN) & 11.94 (s, 6H), 10.57 (s, 3H), 9.67 (s, 6H), 9.37 (s,
3H), 8.34 (s, 3H), 7.94 (s, 3H), 7.24 (s, 3H), 7.04 (s, 6H), 6.65 (s, 6H), 6.49 (t, J = 7.6 Hz, 9H), 2.90 (s, 3H).
B3C NMR (101 MHz, CD3CN) & 153.79, 144.01, 142.36, 142.32, 141.14, 138.16, 130.01, 128.38, 127.23,
126.57, 126.02, 125.44, 123.27, 120.15, 119.14, 53.89, 22.83. ESI-TOF-MS calcd for [M-9(CIOy4)-
3(HCIO,)]*" 569.0562, found 569.0542; calcd for [M-8(CIO,)-4(HCIO,)]® 640.0623, found 640.0601; calcd
for [M-7(ClO4)-4(HCIO,)]"* 745.7782, found 745.7759; calcd for [M-6(CI10,)-4(HCI0,)]®" 886.5659, found
886.5631; calcd for [M-5(Cl104)-3(HCIO,)]** 1103.8599, found 1104.0558.

[LusL 4] (CF3S03)12: *H NMR (400 MHz, CD5CN) & 10.67(s, 3H), 9.18 (d, J = 6.4 Hz, 3H), 8.56 (d, J =
8.0 Hz, 3H), 8.50 (d, J = 8.0 Hz, 3H), 8.39(t, J = 8.0 Hz, 3H), 7.73(d, J = 8.8 Hz, 6H), 7.20(s, 6H), 7.17(d, J =
6.8 Hz, 9H), 7.10(s, 3H), 7.00(t, J = 4.6 Hz, 6H), 4.94(m, J = 7.2 Hz, 3H), 1.64(d, J = 7.2 Hz, 9H). *C NMR
(101 MHz, CD3CN) & 167.46, 166.68, 147.66, 147.29, 143.59, 142.43, 140.14, 138.39, 135.54, 129.20, 128.06,
127.47, 126.91, 126.47, 126.15, 123.63, 123.14, 122.89, 119.71, 52.80, 21.41. ESI-TOF-MS calcd for [M-
8(CF3S03)-4(HCF,S03)]®" 641.0637, found 641.0651; calcd for [M-7(CF;SO3)-4(HCF;S03)]™ 753.9231,
found 753.9250; calcd for [M-6(CF3SO5)-3(HCF3S05)]°* 929.3956, found 929.3977; calcd for [M-5(CF;SO5
)-1(HCF3S05)]°* 1205.0490, found 1205.2510; calcd for [M-4(CF;S05)]* 1581.2898, found 1581.2908.

Synthesis and physical properties of [Eu;L%]*"

A solution of Eu(ClO4);*6H,0 or Eu(CF3SO3); (10.0 umol, 1.0 equiv) in 1 mL CH;CN was added to a
solution of L? (30.0 umol, 3.0 equiv) in 2 mL CH5CN. The suspension turned into homogeneous yellow
solution after stirring at 40<C for 1 h. NMR and ESI-Q-TOF mass s;oectra confirmed the quantitative formation
of [EuL%]*" complexes, which is in accordance with the literature.®

[Eu;L25](CF3SO0s)s: *H NMR (400 MHz, CD5CN) & 8.79-8.53 (m, 2H), 6.05 (t, J = 7.4 Hz, 2H), 5.81 (t,
J=17.6 Hz, 4H), 5.51 (d, J = 7.6 Hz, 4H), 5.32 (t, J = 7.8 Hz, 1H), 4.00 (d, J = 7.9 Hz, 2H), 3.36 (d, J = 5.8 Hz,
2H), 2.40 (d, J = 6.3 Hz, 6H). ESI-TOF-MS calcd for [M—3(CF3803')]3+ 424.1526, found 424.1526; calcd for
[M-2(CF3S05)]** 710.7051, found 710.7060; calcd for [M-1(CF;SO3)]*" 1719.1830, found 1719.1819; calcd
for [M-1(L?)-1(CF5S03)]** 1570.3626, found 1570.3622.

Synthesis and physical properties of [Ln,L%;]%"

To a yellow suspension of L® (15.0 umol, 1.5 equiv.) in 2 mL CH5CN, a solution of Ln(CIO,)s*6H,0 or
Ln(CF3S03); (10.0 umol, 1.0 equiv.) in 1 mL CH3;CN was added. The suspension turned into homogeneous
yellow solution after stirring at 40<C for 2 h. NMR and ESI-Q-TOF mass spectra confirmed the quantitative
formation of [Ln,L3]*" complexes. Spectroscopic data for [Eu,L>;](OTf)s are consistent with the literature.*®

[La,L%](Cl0.)e: *H NMR (400 MHz, CD3CN) & 10.14(s, 2H), 8.81 (d, J = 6.8 Hz, 2H), 8.60 (t, J = 4.4
Hz, 2H), 8.51(d, J = 5.2 Hz, 4H), 7.71 (d, J = 8.8 Hz, 4H), 7.15(m, J = 5.6 Hz, 10H), 6.62 (d, J = 8.8 Hz, 4H),
5.18(m, J = 6.8 Hz, 2H), 1.73 (d, J = 6.8 Hz, 6H). ESI-TOF-MS calcd for [M-4(CIO4')-2(HCIO42]4+ 585.4093,
found 585.4098; calcd for [M-3(ClO4)]*" 880.4993, found 880.4999; calcd for [M-2(ClO4)]*" 1370.7237,
found 1370.7248.

[Ce,L35](CF3S03)e: *H NMR (400 MHz, CD5CN) & 11.01(s, 2H), 10.01(s, 2H), 8.79 (t, J = 7.2 Hz, 6H),
8.47 (d, J = 7.2 Hz, 2H), 8.41(d, J = 7.2 Hz, 2H), 7.30(s, 4H), 7.19(d, J = 7.2 Hz, 4H), 7.15(s, 6H), 6.60(s, 2H),
2.31 (d, J = 6.0 Hz, 6H). ESI-TOF-MS calcd for [M-5(CF3SO5)-1(HCF3SO5)]>* 486.9286, found 486.9274;
calcd for [M-4(CF5S03)-2(HCF5S03)]* 585.9089, found 585.9074; calcd for [M-3(CF3SO5)-3(HCF;S05)]*
780.8761, found 780.8747; calcd for [M-2(CF3SO5)]** 1471.2309, found 1471.2283.

[Pr,L3%](ClO4)e: *H NMR (400 MHz, CDsCN) & 11.99(s, 2H), 11.41(s, 2H), 9.72(s, 4H), 9.57(s, 2H),
7.32(s, 6H), 7.16(s, 4H), 6.32(s, 4H), 5.75(s, 4H), 4.33(s, 2H), 1.35(s, 6H). ESI-TOF-MS calcd for [M-4(CIO4
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)-2(HCIO,)]* 586.4100, found 586.4140; calcd for [M-3(CIO,)-1(HCIO,)]** 848.5150, found 848.5191; calcd
for [M-2(CI10,)]* 1372.7250, found 1372.7296.

[Nd,L3](Cl0.)s: *H NMR (400 MHz, CD4CN) § 12.40(s, 2H), 11.76(s, 2H), 9.23(s, 4H), 9.03(d, J = 7.6
Hz, 2H), 8.92(d, J = 7.6 Hz, 2H), 8.77 (t, J = 7.6 Hz, 2H), 7.38(s, 4H), 7.29(s, 4H), 7.15(s, 6H), 6.91(s, 2H).
ESI-TOF-MS calcd for [M-5(CIO4)-1(HCIO,)]>* 470.5307, found 470.5299; calcd for [M-4(ClOy)-
2(HCIO,)]** 587.9116, found 587.9102; calcd for [M-3(CIO,)-3(HCIO,)]** 783.5464, found 783.5448; calcd
for [M-2(ClO,)-1(HCIO,)]** 1325.2492, found 1325.7485.

[Sm,L%](Cl04)s: *H NMR (400 MHz, CD5CN) & 10.19(s, 2H), 9.07(d, J = 6.8 Hz, 2H), 8.44(t, J = 5.6
Hz, 6H), 7.71(d, J = 8.4 Hz, 4H), 7.21(d, J = 6.4 Hz, 6H), 7.08(t, J = 4.0 Hz, 4H), 6.61(d, J = 8.4 Hz, 4H), 5.15
(p, J = 6.8 Hz, 2H), 1.73 (d, J = 7.2 Hz, 6H). ESI-TOF-MS calcd for [M-5(CIO4)-1(HCIO,)]** 473.1338,
found 473.1331; calcd for [M-4(ClO,)-2(HCIO,)]* 591.1654, found 591.1638; calcd for [M-3(ClOy4)-
3(HCIO,)]** 787.8848, found 787.8830; calcd for [M-2(CIO4)-2(HCIO,)]** 1282.2799, found 1282.2780.

[Eu,L3](CIO.)s: "H NMR (400 MHz, CD5CN) 6 8.09(d, J = 5.6 Hz, 4H), 7.39(t, J = 7.6 Hz, 2H), 7.10(d,
J=4.0Hz, 6H), 7.01 (d, J = 7.6 Hz, 4H), 6.96(m, J = 5.2 Hz, 6H), 6.57(t, J = 7.6 Hz, 4H), 5.51(s, 2H), 5.03 (d,
J = 5.2 Hz, 2H), 1.79 (d, J = 6.0 Hz, 6H). *C NMR (101 MHz, CDsCN) & 164.89, 161.58, 156.12, 145.47,
144.45, 143.28, 138.74, 136.56, 129.16, 128.10, 127.85, 126.15, 123.02, 93.21, 92.69, 51.99, 47.64, 22.12,
8.82. ESI-TOF-MS calcd for [M-5(CIO4)-1(HCIO,)]**" 473.9350, found 473.9343; calcd for [M-4(CIOy)-
2(HCIO,)]* 591.9166, found 591.9155; calcd for [M-3(Cl0,)-3(HCIO4)]*" 789.2201, found 789.2182; calcd
for [M-2(C104)-2(HCIO,4)]** 1283.2816, found 1283.2796.

Synthesis and physical properties of [Ln,L*®,]***

[PrsL%](CF3S03)1: *H NMR (400 MHz, CD4CN) & 12.56 (s, 3H), 10.30 (s, 3H), 10.06 (s, 3H), 9.40 (s,
3H), 6.10 (s, 9H), 5.90 (s, 6H), 3.68 (d, J = 24.7 Hz, 6H), 2.96 (s, 3H), 2.55 (s, 3H), 2.07 (s, 3H), 1.87 (s, 3H),
1.24 (d, J = 11.3 Hz, 96H), 0.91 (d, J = 5.8 Hz, 6H), 0.90-0.83 (m, 18H), 0.70 (s, 6H), 0.54 (s, 6H). ESI-TOF-
MS calcd for [M-8(CFsSO3)-4(HCF;SO,)]¥ 972.7675, found 972.7676; calcd for [M-7(CF3;SOs)-
5(HCF3S05)]"" 1111.5904, found 1111.5908; calcd for [M-6(CFsSO3)-6(HCF;S05)]°" 1296.6875, found
1296.6874; calcd for [M-5(CF3SO5)-7(HCF3S05)]>" 1555.8236, found 1555.8223; calcd for [M-4(CFsSO3)-
6(HCF3S05)]** 2019.5074, found 2019.5039.

Single crystal X-ray diffraction studies.

X-ray data was collected at room temperature. The crystal was transferred and sealed inside a glass
capillary with an atmosphere of the mother liquor without exposure to air. X-ray data collection at cryogenic
conditions for these compounds resulted in the deterioration of crystallinity due to unknown reasons and gave
worse quality of data. The reason for the deterioration of the crystals under cryogenic conditions possibly has
something to do with the large cavities existing inside the big unit cells that are filled with amorphous organic
solvents such as diethyl ether, THF and so on, which may still slowly diffuse/evaporate under liquid N,
temperature. This is a quite different feature from biological samples which are always grown from water. So it
is quite common to see X-ray data collected at room temperature for supramolecular systems. Our own
experiences also suggest that to seal the crystals inside a glass capillary and collect the data quickly at room
ggmperature may be a general protocol to follow for fragile crystals grown from volatile organic solvents.®* **

Crystal data for CdsL'4(ClO.)s: Space group P6522, a=b=48.446(4) A, ¢=35.873(3) A, V=72916(13) A?,
Z =2, T = 293K. Anisotropic least-squares refinement for the framework atoms and isotropic refinement for
the other atoms on 11880 independent merged reflections (Ri,; = 0.0639) converged at residual wR, = 0.2770
for all data; residual R; = 0.0991 for 10214 observed data [1 > 2¢(1)], and goodness of fit (GOF) = 1.270.

Crystal data for LasL"4(CIO,)1,: Space group P2,3,a=b = ¢ =42.908(2) A, V = 78995(13) A%, 2 =8, T =
293K. Anisotropic least-squares refinement for the framework atoms and isotropic refinement for the other
atoms on 27430 independent merged reflections (R;,; = 0.0838) converged at residual wR, = 0.2553 for all data;
residual R; = 0.0940 for 21686 observed data [I > 2o(1)], and goodness of fit (GOF) = 1.090.
Additional Comments: The crystals of these kinds of giant supramolecular assemblies diffract very weakly in
nature. The diffractions for compound Cd4L14(CIO4)8 and La4L14(CIO4)12 are very limited even though we
optimized the measurement based on synchrotron radiations. The final R factor was converged to very high
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values, because the crystal was diffracting very weakly due to a large amount of amorphous solvents and
anions, which occupy as much as 50.50% for Cd,L"4(Cl0,)s and 32.47% for LasL4(Cl1O,)1, in their unit cells
based on PLATON calculations®. Especially for the structure of Cd4L'4(ClO.)s, where counter ions and
solvent molecules were so highly disordered that they could not be reasonably located, the residual intensities
were removed by PLATON/SQUEEZE routine®®. Still one A-alert and some B-alerts are found by the (IUCr)
checkCIF routine, all of which are due to the poor diffraction nature of the crystals. Details on crystal data
collection and refinement were summarized below:

A large number of restrains and constraints have to be applied to ensure the convergence of the refinement due
to the poor data/parameter ratio. For the crystal structure of Cds(L%)4, two ligands, two Cd(l1) ions, three and a
half perchlorates and several hydrogen-bonded water molecules (no hydrogen was modeled in this case) are
located in the asymmetrical unit. Organic ligands (“RESI 1” and “RESI 2”) and perchlorates (“RESI 3”) are
separately labeled under the same scheme and are forced to adopt similar configurations as restrained by the
“SAME” commands. For the Ligand structure, “AFIX 66 constraints have been applied to the six-membered
aromatic rings including pyridines. Moreover, many geometrical restraints including “FLAT”, “DFIX”,
“DANG”, “SADI” are applied to the ligands and the perchlorate ions based on the X-ray coordinates of a
similar Eus(L")4 structure from our previous work, which was determined to a much better resolution®*. More
detailed information of these geometrical restraints can be found in the final .CIF files, where the full
_shelx_res_files have now been incorporated.

Because of the restraints and constraints used, we have to emphasize that the main purpose of providing the X-
ray structures is in general merely to confirm the connectivity of the target assemblies. For this reason,
discussions based on the crystal structures are always kept to the minimum.
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