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Figure S1. Electrostatic potential plotted on the van der Waals surface using Chimera for the metallocage 
reported in ref. 1, using a uniform grid over the whole structure evaluated using (a) partial atomic charges from 
GFN-XTB, (b) electron density from GFN-XTB with the in-built ESP generation and (c) Multiwfn calculated 
ESP from a PBE/def2-SVP electron density. All geometries are identical. (a) and (b) are plotted an identical 
color gradient while for (c) the full electron calculation (with the exception of Pd) the ESP range is not identical. 
 
 
 
 
 
 
 
 
 

          
 

Figure S2. Probability of locating the global minimum on the rigid body cage-substrate PES as a function of the 
number of random initializations for the substrate rotation matrix. Error bars correspond to the standard error in 
the mean for nine cage-substrate complexes generated from the linkers and substrates shown. Probabilities are 
determined from 500 repeats. Energy threshold between the obtained binding energy and the true global 
minimum was set at 0.01 kcal mol-1. 
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Figure S3. (a) Noble gas dimer potential energy surfaces calculated at DLPNO-CCSD(T)/ma-def2-QZVPP in 
ORCA (solid lines) and fit to V(r) = exp(a-r/b) – c/r6 with Scipy (dashed lines). a, b as a function of the sum of 
van der Waals radii (b, c). Ne dimer excluded from the fits. a is normalized to its maximum value (aKr2). Van 
der Waals radii taken from J Phys Chem A. 2009, 113, 5806. (d) HCl–HCl head-to-tail PES calculated as (a), 
d(H–Cl) = 1.27 Å. Fitted potential (green) corresponds to a, b interpolated from the linear fits (b, c) where ΣvdW 
= 2.95 Å and c = 32 kcal mol-1. 
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Figure S4. Accuracy on the prediction of 102 experimental binding affinities outlined in Table S2 as a function 
of total binding affinity. BAt = BAr + y × number substrate atoms + x. Repulsive binding affinity BAr = Σi>j c × 
exp(a(i, j) – rij/b(i, j)) where a(i, j) = 11.576415 × (0.175541 × (γi + γj) + 0.316642), b(i, j) = 0.083214 × (γi + γj) 
- 0.003768, as determined in Figure S2, c = 1 kcal mol-1, γi is the van der Waals radius of atom i. An accurate 
prediction is made if a substrate expt. binds and BAt < 0 or expt. does not bind and BAt > 0. x and y are plotted 
on a grid of 500 × 500. 
 

 
Figure S5. Selected conformers of Lh optimized at the PBE0-D3BJ/def2-SVP level of theory and single points 
calculated at DLPNO-CCSD(T)/def2-TZVPP. Frequencies were calculated to confirm that both correspond to 
minima (no imaginary frequencies). Energies quoted in kcal mol-1. 
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Figure S6. Statistical error for binding affinities obtained using 3 repeats with (a) repulsive including a constant 
attractive term E_int(r+k) and (b) fast electrostatic (E_int(fe) methods for determining binding affinities tabulated 
in Table S2. Mean signed deviations (MSD) are shown. 
 
 

 
 
Figure S7. Building blocks used to generate the M2L4 metallocage library. Link atoms are represented by a bond 
to Y. 
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Table S1. Root mean squared displacements to crystal structures of cgbind-generated geometries and subsequent 
optimisations with tight-binding and standard DFT. a. Crystal structure used to generate the template. b. 
Unmodified crystal structure contains encapsulated molecule(s). c. Conformer generated manually. n.c: Not 
calculated. 

   RMSD / Å 

Linker Cage Metal ion cgbind GFN-XTB//cgbind PBE-D3BJ/def2-
SVP//cgbind 

La aa,b Pd2+ 0.45559 0.41474 0.46321 

Lb b Pd2+ 0.79541 0.91896 1.76651 

Lc cb Pd2+ 0.62754 0.47084 0.47219 

Ld da,b Fe3+ 1.37837 2.01894 2.84652 

Le e Mn2+ 0.82032 0.25010 0.67427 

Lf f Fe2+ 1.09910 0.73566 1.17804 

Lg ga Pd2+ 1.29529 1.73599 1.98475 

Lh hb,c Pd2+ 1.21209 0.47521 0.68496 

Li ib Cu2+ 1.40281 2.05635 1.76552 
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Table S2. Tabulated binary binding affinity (BA) data from refs [1- 4]. Experimental binding corresponds to 
∆Gbind < 0 (K > 1) where available.  
 

Entry Linker (L) SMILES Substrate SMILES Binding (expt.) Ka (expt. M-1) 

  [Pd2L4]4+ (Ref. 1)  b measured in CD2Cl2   

1 C1(C#CC2=CC=CC(C#CC3=
CC=CN=C3)=C2)=CC=CN=

C1 
 

 

O=C(C=C1)C=CC1=O TRUE (7.2±0.1)´103 

2 O=C(C=C1)C2=C(C=CC=C2)C1=O TRUE (3.5±0.5)´105 

3 O=C(C1=C2C=CC=C1)C3=C(C=CC=C3)C2=O TRUE (4.9±0.4) ´107 

4 O=C(C1=C2C=C3C(C=CC=C3)=C1)C4=C(C=C(
C=CC=C5)C5=C4)C2=O TRUE (8.0±2.0) ´108 

5 O=CC1=CC=CC=C1C=O TRUE (4.7±0.1) ´102 

6 O=CC1=CC=CC=C1[N+]([O-])=O TRUE (3.6±0.2) ´102 

7 O=C(CC1)CCC1=O FALSE - 

8 NC1=CC=C(C(C(C=CC=C2)=C2C3=O)=O)C3=C
1 TRUE 5.0´107 

  [Pd2L4]4+ (Ref. 2) measured in CD2Cl2    

9 

C1(C#CC2=CC=CC(C#C
C3=CC=CN=C3)=N2)=C
C=CN=C1 
 

 

O=C(C=C1)C=CC1=O TRUE 1.1´103 

10 O=C(C=C1)C2=C(C=CC=C2)C1=O TRUE 2.7´103 

11 O=C(C1=C2C=CC=C1)C3=C(C=CC=C3)C2=O TRUE 8.5´103 

12 O=C(C1=C2C=C3C(C=CC=C3)=C1)C4=C(C=C(
C=CC=C5)C5=C4)C2=O TRUE 8.8´105 

13 O=C(C(C)=C1)C=CC1=O TRUE 4.3´103 

14 O=C(C(C)=C1)C=C(C)C1=O TRUE 4.3´104 

15 O=C(C(C)=C1)C2=C(C=CC=C2)C1=O TRUE 1.5´104 

16 O=C(C=C1)C(C(C)(C)C)=CC1=O FALSE <5 

17 O=C(C=C1)C(Cl)=CC1=O TRUE 1.2´103 

18 O=C([C@@H]1[C@H]2CC(C)=CC1)C(C(C)(C)C
)=CC2=O FALSE - 

19 O=C(C=C1)[C@@]2([H])[C@@]([C@H]3C=C[C
@@H]2C3)([H])C1=O TRUE 1.1´104 

20 O=C(C1=C2C=CC=C1)[C@@]3([H])[C@@]([C
@H]4C=C[C@@H]3C4)([H])C2=O TRUE 2.7´103 

21 O=C(C(C)=C1)[C@@]2([H])[C@@]([C@H]3C=
C[C@@H]2C3)(C)C1=O TRUE 4.3´103 

22 O=C(C1=C2C=CC=C1)[C@@]3([H])[C@@]([C
@H]4C=C[C@@H]3C4)(C)C2=O TRUE 1.5´104 

23 O=C([C@@H]1[C@H]2CC(C)=CC1)C(C)=CC2=
O TRUE 4.3´102 

24 O=C([C@@H]1[C@H]2CC(C)=CC1)C(Cl)=CC2
=O TRUE 1.2´102 
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Entry Linker (L) SMILES Substrate SMILES Binding (expt.)  
  Fe4L6 (Ref. 3)    

25 
C1(/C=N/C2=CC=C(C3=CC(C(
C=CC=C4)=C4C(C(C=C5)=CC
=C5/N=C/C6=NC=CC=C6)=C7
)=C7C8=C3C=CC=C8)C=C2)=
NC=CC=C1 

 

C12=CC=C(C3=C4C5=C6C7=C32)C=CC4=CC=
C5C=CC6=CC=C7C=C1 TRUE  

26 C12=CC=CC(C3=CC=CC4=C3C5=CC=C4)=C1C
5=CC=C2 TRUE  

27 C12=CC=CC=C1C3=CC=CC=C3C4=CC=CC=C2
4 TRUE  

28 C12=CC=C3C=CC=C4C=CC(C2=C34)=CC=C1 TRUE  

29 C12=CC=CC=C1C=C3C=CC=CC3=C2 TRUE  

30 
CC(C)CCC[C@@H](C)[C@H]1CC[C@@]2([H])
[C@]3([H])CC=C4C[C@@H](O)CC[C@]4(C)[C
@@]3([H])CC[C@]12C 

TRUE 

 

31 
C1(/C=N/C2=CC=C(C3=CC(C(
C=CC=C4)=C4C5=C6C=CC(C(
C=C7)=CC=C7/N=C/C8=NC=C
C=C8)=C5)=C6C=C3)C=C2)=

NC=CC=C1 

 

C12=CC=C(C3=C4C5=C6C7=C32)C=CC4=CC=
C5C=CC6=CC=C7C=C1 TRUE  

32 C12=CC=CC(C3=CC=CC4=C3C5=CC=C4)=C1C
5=CC=C2 TRUE  

33 C12=CC=CC=C1C3=CC=CC=C3C4=CC=CC=C2
4 FALSE  

34 C12=CC=C3C=CC=C4C=CC(C2=C34)=CC=C1 FALSE  

35 C12=CC=CC=C1C=C3C=CC=CC3=C2 FALSE  

36 
CC(C)CCC[C@@H](C)[C@H]1CC[C@@]2([H])
[C@]3([H])CC=C4C[C@@H](O)CC[C@]4(C)[C
@@]3([H])CC[C@]12C 

TRUE 

 

37 
C1(/C=N/C2=CC=C(C3=CC(C
=CC(C(C=C4)=CC=C4/N=C/C
5=NC=CC=C5)=C6)=C6C=C3)
C=C2)=NC=CC=C1 

 

C12=CC=C(C3=C4C5=C6C7=C32)C=CC4=CC=
C5C=CC6=CC=C7C=C1 FALSE  

38 C12=CC=CC(C3=CC=CC4=C3C5=CC=C4)=C1C
5=CC=C2 TRUE  

39 C12=CC=CC=C1C3=CC=CC=C3C4=CC=CC=C2
4 FALSE  

40 C12=CC=C3C=CC=C4C=CC(C2=C34)=CC=C1 FALSE  

41 C12=CC=CC=C1C=C3C=CC=CC3=C2 FALSE  

42 
CC(C)CCC[C@@H](C)[C@H]1CC[C@@]2([H])
[C@]3([H])CC=C4C[C@@H](O)CC[C@]4(C)[C
@@]3([H])CC[C@]12C 

FALSE 

 

43 

C1(/C=N/C2=CC=C(C3=C(C=
CC=C4C(C=C5)=CC=C5/N=C/
C6=NC=CC=C6)C4=CC=C3)C
=C2)=NC=CC=C1 

  

C12=CC=C(C3=C4C5=C6C7=C32)C=CC4=CC=
C5C=CC6=CC=C7C=C1 FALSE  

44 C12=CC=CC(C3=CC=CC4=C3C5=CC=C4)=C1C
5=CC=C2 FALSE  

45 C12=CC=CC=C1C3=CC=CC=C3C4=CC=CC=C2
4 TRUE  

46 C12=CC=C3C=CC=C4C=CC(C2=C34)=CC=C1 FALSE  

47 C12=CC=CC=C1C=C3C=CC=CC3=C2 FALSE  

48 
CC(C)CCC[C@@H](C)[C@H]1CC[C@@]2([H])
[C@]3([H])CC=C4C[C@@H](O)CC[C@]4(C)[C
@@]3([H])CC[C@]12C 

FALSE 
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Entry Linker (L) SMILES Substrate SMILES binding (expt.)  
  Fe4L6 (Ref. 3) continuation    

49 
C1(/C=N/C2=CC=C(C3=C(C
=C(C=CC=C4C(C=C5)=CC=
C5/N=C/C6=NC=CC=C6)C4
=C7)C7=CC=C3)C=C2)=NC
=CC=C1 

  

C12=CC=C(C3=C4C5=C6C7=C32)C=CC4=CC=
C5C=CC6=CC=C7C=C1 FALSE  

50 C12=CC=CC(C3=CC=CC4=C3C5=CC=C4)=C1C
5=CC=C2 FALSE  

51 C12=CC=CC=C1C3=CC=CC=C3C4=CC=CC=C2
4 TRUE  

52 C12=CC=C3C=CC=C4C=CC(C2=C34)=CC=C1 TRUE  

53 C12=CC=CC=C1C=C3C=CC=CC3=C2 FALSE  

54 
CC(C)CCC[C@@H](C)[C@H]1CC[C@@]2([H])
[C@]3([H])CC=C4C[C@@H](O)CC[C@]4(C)[C
@@]3([H])CC[C@]12C 

TRUE 

 

55 
C1(/C=N/C2=CC=C(C3=C(C
=CC=C4)C4=C(C(C=C5)=CC
=C5/N=C/C6=NC=CC=C6)C
7=CC=CC=C73)C=C2)=NC=
CC=C1 

 

C12=CC=C(C3=C4C5=C6C7=C32)C=CC4=CC=
C5C=CC6=CC=C7C=C1 FALSE  

56 C12=CC=CC(C3=CC=CC4=C3C5=CC=C4)=C1C
5=CC=C2 FALSE  

57 C12=CC=CC=C1C3=CC=CC=C3C4=CC=CC=C2
4 TRUE  

58 C12=CC=C3C=CC=C4C=CC(C2=C34)=CC=C1 TRUE  

59 C12=CC=CC=C1C=C3C=CC=CC3=C2 TRUE  

60 
CC(C)CCC[C@@H](C)[C@H]1CC[C@@]2([H])
[C@]3([H])CC=C4C[C@@H](O)CC[C@]4(C)[C
@@]3([H])CC[C@]12C 

FALSE 
 

61 
C1(/C=N/C2=CC=C(C3=CC(
C=C(C=CC(C(C=C4)=CC=C
4/N=C/C5=NC=CC=C5)=C6)
C6=C7)=C7C=C3)C=C2)=NC
=CC=C1 

 

C12=CC=C(C3=C4C5=C6C7=C32)C=CC4=CC=
C5C=CC6=CC=C7C=C1 FALSE  

62 C12=CC=CC(C3=CC=CC4=C3C5=CC=C4)=C1C
5=CC=C2 FALSE  

63 C12=CC=CC=C1C3=CC=CC=C3C4=CC=CC=C2
4 FALSE  

64 C12=CC=C3C=CC=C4C=CC(C2=C34)=CC=C1 FALSE  

65 C12=CC=CC=C1C=C3C=CC=CC3=C2 FALSE  

66 
CC(C)CCC[C@@H](C)[C@H]1CC[C@@]2([H])
[C@]3([H])CC=C4C[C@@H](O)CC[C@]4(C)[C
@@]3([H])CC[C@]12C 

FALSE 

 

67 
C1(/C=N/C2=CC=C(C3=C(C
=CC4=C5C(C=C6)=C(C(C=C
7)=CC=C7/N=C/C8=NC=CC
=C8)C=C4)C5=C6C=C3)C=C
2)=NC=CC=C1 

 

C12=CC=C(C3=C4C5=C6C7=C32)C=CC4=CC=
C5C=CC6=CC=C7C=C1 TRUE  

68 C12=CC=CC(C3=CC=CC4=C3C5=CC=C4)=C1C
5=CC=C2 TRUE  

69 C12=CC=CC=C1C3=CC=CC=C3C4=CC=CC=C2
4 TRUE  

70 C12=CC=C3C=CC=C4C=CC(C2=C34)=CC=C1 TRUE  

71 C12=CC=CC=C1C=C3C=CC=CC3=C2 TRUE  

72 
CC(C)CCC[C@@H](C)[C@H]1CC[C@@]2([H])
[C@]3([H])CC=C4C[C@@H](O)CC[C@]4(C)[C
@@]3([H])CC[C@]12C 

TRUE 
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Entry Linker (L) SMILES Substrate SMILES Binding 
(expt.) 

Ka (M-1) 

  Fe4L6 (Ref. 3) continuation   

73 
C1(/C=N/C2=CC=C(C3=CC(
C=CC4=CC(C(C=C5)=CC=C
5/N=C/C6=NC=CC=C6)=CC(
C=C7)=C48)=C8C7=C3)C=C
2)=NC=CC=C1 
 

 

C12=CC=C(C3=C4C5=C6C7=C32)C=CC4=CC=
C5C=CC6=CC=C7C=C1 FALSE  

74 C12=CC=CC(C3=CC=CC4=C3C5=CC=C4)=C1C
5=CC=C2 FALSE  

75 C12=CC=CC=C1C3=CC=CC=C3C4=CC=CC=C2
4 FALSE  

76 C12=CC=C3C=CC=C4C=CC(C2=C34)=CC=C1 FALSE  

77 C12=CC=CC=C1C=C3C=CC=CC3=C2 FALSE  

78 
CC(C)CCC[C@@H](C)[C@H]1CC[C@@]2([H])
[C@]3([H])CC=C4C[C@@H](O)CC[C@]4(C)[C
@@]3([H])CC[C@]12C 

FALSE 

 

  Fe4L6 (Ref. 4)   

79 

O=S(C1=C(C2=CC=C(/N=C/
C3=NC=CC=C3)C=C2S(=O)(
[O-
])=O)C=CC(/N=C/C4=NC=C
C=C4)=C1)([O-])=O 
 

 

CC(C)=O TRUE 24.1±0.4 

80 C1=CC=CC=N1 TRUE 63±5 

81 C1=NN=CC=C1 TRUE 3 

82 C1=NC=CC=N1 TRUE 33±1 

83 C1=NC=CN=C1 TRUE 31±2 

84 C1CCCCO1 TRUE (7.4±1.3) ´102 

85 C1CCOCO1 TRUE (3.3±0.3) ´102 

86 C1COCCO1 TRUE (1.5±0.1) ´102 

87 C1OCOCO1 TRUE (5.7±0.1) ´102 

88 C1CCCO1 TRUE (5.7±)´102 

89 C1=CC=CO1 TRUE (8.3±)´103 

90 ClC([H])([H])Cl TRUE (1.3±)´103 

91 [H]C([H])([H])Cl TRUE (1.4±0.1)´103 

92 ClC(Cl)(Cl)Cl TRUE (2.2±0.5) ´104 

93 FS(F)(F)(F)(F)F TRUE (1.3±0.3) ´104 

94 CC1CCCC1 TRUE (1.3±0.2) ´104 

95 C1CCCCC1 TRUE (7.1±1.5) ´104 

96 CC1CCCCC1 FALSE -- 

97 C1CCCCCC1 FALSE -- 

98 C1CCC=CC1 TRUE (2.1±0.4) ´104 

99 C1=CC=CCC1 TRUE (1.7±0.4) ´104 

100 C1=CC=CC=C1 TRUE (3.0±0.6) ´103 

101 FC1=CC=CC=C1 TRUE (6.1±2.4) ´102 

102 CC1=CC=CC=C1 FALSE -- 
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Table S3. Building block SMILES strings used to generate the M2L4 metallocage library. (Figure S7). 
Component Identifier SMILES 

E 

1 [Y]C1=CN=CC=C1 

2 [Y]C1=CC2=C(C=C1)C=CN=C2 

3 [Y]C1=CC2=C(C=C1)C=CC3=C2C=CN=C3 

 1 [Y]C#C[Y] 

 2 [Y]C#C[Y]', '[Y]C1=CC=C([Y])C=C1 

 3 [Y]C1=CC=C([Y])C2=CC=CC=C21 

 4 [Y]C(N[Y])=O 

 5 [Y]N[Y] 

Z 6 [Y]N(C(N([Y])[H])=O)[H] 

 7 [Y]C(C=C1)=CC=C1C2=CC=C([Y])C=C2 

 8 [Y]C1=C(C)C(C)=C([Y])C(C)=C1C 

 9 [Y]C(C1=O)=C(C1=O)[Y] 

 10 [Y]C1=C2C(C=CC=C2)=C([Y])C3=CC=CC=C31 

 11 [Y]C1CCC([Y])CC1 

 12 [Y]C1=CC=C([Y])C2=C1C=CN2 

Component Identifier SMILES 

 1 [Y]C1=CC=CC([Y])=N1' 

 2 [Y]C(OC([Y])=O)=O 

 3 [Y]C1=CC=C(C=CC([Y])=C2)C2=C1 

 4 [Y]C(C=C1)=CC2=C1C=C3C(C=C([Y])C=C3)=C2 

 5 [Y]C(C=C1)=CC2=C1C=C3C(C=C([Y])C=C3)=N2 

 6 [Y]C1=CC=CC([Y])=C1C 

 7 [Y]C1=CC=CC([Y])=C1N 

 8 [Y]C1=CC2=C(C=C1)NC3=C2C=C([Y])C=C3 

 9 [Y]C1=CC=CC([Y])=C1[H] 

 10 [Y]C(C=C1)=C2C=CC3=C([Y])C=CC4=C3C2=C1C=C4 

 11 [Y]C1=CC=C([Y])S1 

 12 OC1=C(C)C=C2C(C=CCC2)=C1C3=C(O)C([Y])=CC4=C3C=CC=C4 

 13 [Y]C1=CC(C2=CC([Y])=CC3=C2C=CC=C3)=C(C=CC=C4)C4=C1 

C 14 [Y]C1=CC=CC=C1[Y] 

 15 [Y]C(C1=O)=C(C1=O)[Y] 

 16 [Y]C[Y] 

 17 [Y]COC[Y] 

 18 [Y]C(C=C1)=CC2=C1C=CC3=C2C=C([Y])C=C3 

 19 [Y]O[Y] 



 12 

 20 [Y]C1=CC=CC([Y])=C1NC(N)=O 

 21 [Y]C1=CC=CC([Y])=C1NC(NC)=O 

 22 O=C1C2=C(C=CC([Y])=C2)C=CC3=C1C=C([Y])C=C3 

 23 '[Y]C(C=C1)=CC2=C1C3=C(C=CC([Y])=C4)C4=CC=C3C=C2 

 24 [Y]C1=CC=CC([Y])=C1O 

 25 [Y]C1=CC=CC([Y])=C1CO 

 26 [Y]C1=C(C(F)(F)F)C=C(C(F)(F)F)C([Y])=C1[H] 

 27 [Y]C1=CC=CC([Y])=C1Cl' 

 28 [Y]C1=CC=CC([Y])=C1Br 

 
 

 
 
Figure S8. Binding affinity predictions for (a) 24 host-guest complexes with two different PdII

2L4 cages Refs. 1 
and 2; (b) 54 hots-guest complexes with a series of aromatic-panelled FeII

4L6 tetrahedral cages Ref. 3; (c) 24 
host-guest complexes with FeII

4L6 tetrahedral cages (Ref. 4).  
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Table S4. Interaction energy estimates (Eint, kcal mol-1) using the force fields developed in this work and 
semiempirical (PM7) calculations.  

Eint(r) = Σi>j c × exp(a(i, j) – rij/b(i, j)); 
a(i, j) = 11.576415 × (0.175541 × (γi + γj) + 0.316642), b(i, j) = 0.083214 × (γi + γj) - 0.003768 

 
Eint (r+k)= Σi,j ∈ pairs  c exp(a-rij/b) + Satoms k ;  

k = 0.4 kcal mol-1 and Satoms number of atoms. 
 

Entry Binding 
(expt.) Eint(r) Eint(r+k) Eint(fe)  Eint(PM7//fe) E int(e) Eint(X

TB/fe) Eint(XTB)  

 [Pd2L4]4+ (Ref. 1) 

1 TRUE 0.6 -4.2 -29.5 11.1 -15.1 -27.4 -42.7 

2 TRUE 5.6 -1.6 -23.0 5.0 -12.8 -56.9 -46 

3 TRUE 5.6 -4.0 -31.2 5.9 -22.8 -66.8 -48.6 

4 TRUE 6.6 -7.8 -33.6 4.5 -33.4 -72.7 -54.2 

5 TRUE 3.6 -2.8 -8.5 10.8 -4.1 53.0 -29.8 

6 TRUE 4.2 -2.2 -18.5 14.8 -4.8 -51.4 -31.1 

7 FALSE 1.0 -5.4 -31.9 7.7 -16 -60.4 -44.6 

8 TRUE 6.7 -3.7 -30.3 16.1 -23.8 -66.9 -51.3 

 [Pd2L4]4+ (Ref. 2) 

9 TRUE 0.1 -4.7 -33.7 17.3 -16 32.4 47.4 

10 TRUE 1.5 -5.7 -23.9 19.2 -13.7 -89.9 -50.2 

11 TRUE 6.4 -3.2 -33.6 21.5 -23.6 -101 -52.1 

12 TRUE 7 -7.4 -35.8 14.5 -34.9 -
106.2 -57 

13 TRUE 0.6 -5.4 -34.9 17 -16.6 -98.5 -48.6 

14 TRUE 0.6 -6.6 -37 17.7 -20.3 -
100.1 -50.1 

15 TRUE 2.9 -5.5 -29.6 14.6 -18.6 -93.3 -51.1 

16 FALSE 0.8 -4 -30 31.8 -10 -92.8 -49.6 

17 TRUE 12.8 -2 -23.9 19.6 -10.7 -75.9 -47.1 

18 FALSE 2.5 -6.7 -28.3 21.24 -12.8 -91.5 -50.2 

19 TRUE 8.2 -3.4 -31.5 20.4 -23.7 -84.2 -51 

20 TRUE 5.7 -5.9 -27.2 20.6 -21 -90.6 -46.7 

21 TRUE 15.7 2.9 -28.3 20 -22.3 -93 -50.1 

22 TRUE 3.9 -7.3 -23.2 17.8 -20.8 -84.9 -37 

23 TRUE 4.5 -5.5 -27.2 4.6 -11.7 -87.2 -49.5 

24 TRUE 2.2 -12.2 -11.5 3.4 -12.1 -10.6 9.4 



 14 

Entry 
 

Eint(r) Eint(r+k) Eint(fe)  Eint(PM7//fe) E int(e) 
Eint(X

TB/fe) 
Eint(XTB)  

 Fe4L6 (Ref. 3) 

25 TRUE 2.3 338.3 319.8 300 338.8 261.2 -16.5 
26 TRUE 0.8 84 78.7 80.8 82.3 49.4 -16.7 
27 TRUE 0.4 39.8 35.2 42.1 39.5 19.9 -16.3 
28 TRUE 0.2 24.5 20.3 25.8 37.1 16.7 -14.1 
29 TRUE 0.2 13.3 10.5 16 13.9 3.5 -11.5 
30 TRUE 29.7 81.5 79.3 98.3 130.9 156.2 -18.9 

31 TRUE 0.0 -2.2 -6.2 7.1 -2.2 -7.1 -22.2 
32 TRUE 0.0 -7.8 -11.2 3 -7.9 -12 -15.5 
33 FALSE 0.0 -9.6 -12.1 1.7 -9.6 -12 -18.9 
34 FALSE 0.0 -8.5 -10.9 1.6 -8.6 -10 -11.7 
35 FALSE 0.0 -7.6 -9.4 1.5 -7.6 -9.5 -11.4 
36 TRUE 0.3 0.3 7.1 42.9 0.9 19.4 -21.7 

37 FALSE 0.2 -14.2 -19.2 3 -14.1 -8.7 -20 
38 TRUE 0.1 -12.7 -16.9 2.7 -12.8 -7.6 -18.6 
39 FALSE 0.1 -11.9 -15.8 2.1 -11.9 -6.8 -22.7 
40 FALSE 0.0 -10.4 -13.9 2.2 -10.4 -5.4 -13.6 
41 FALSE 0.0 -9.6 -12.5 1.8 -9.6 -5.2 -16.1 
42 FALSE 6.6 -24.5 -59.1 -12.2 -25.4 1.2 -19.3 

43 FALSE 6.5 193.3 186.2 196.6 197.9 159.1 -11.2 
44 FALSE 2.2 79.8 71.2 80.8 80.4 67.3 -12.3 
45 TRUE 1.1 57.9 49 48.9 58.2 44.9 -10.2 
46 FALSE 0.6 60.4 52.9 59 59.1 49 -6.8 
47 FALSE 0.8 21.8 16.7 21.3 21.3 14.4 -7.1 
48 FALSE 40.6 301.3 219.9 242.9 269.7 291.9 -8.9 

49 FALSE 31.3 -12.1 -16.8 6.9 -12.1 -9.5 -14.6 

50 FALSE 11.6 -11.5 -16.1 6.9 -11.6 -8.9 -14.3 

51 TRUE 5.2 -11.5 -15.9 5.8 -11.2 -8.3 -12.2 

52 TRUE 2.7 -10.2 -14.5 6.3 -10.1 -7.6 -11 

53 FALSE 1.9 -9.1 -12.7 5.2 -9.1 -6.9 -9.4 

54 TRUE 74.0 51.5 24.9 85.8 51.1 74.3 -17.1 

55 FALSE 26.5 10.4 12.2 27.6 10.7 23.7 -7.3 

56 FALSE 12.6 -3.1 -6.5 12 -3.2 -4 -18.1 

57 TRUE 2.2 -8.9 -12 7.6 -8.5 -8.2 -12 

58 TRUE 2.1 -8 -11.8 6.1 -8 -10 -12.7 

59 TRUE 3.6 -6.2 -9 7.7 -6 -5.3 -9.5 

60 FALSE 211.6 244.2 304.5 282 247.3 200.7 -18.1 



 15 

Entry 
 

Eint(r) Eint(r+k) Eint(fe)  Eint(PM7//fe) E int(e) 
Eint(X

TB/fe) 
Eint(XTB)  

 Fe4L6 (Ref. 3) continuation 

61 FALSE 0.0 -14.4 -18.2 2.1 -14.4 -2.4 -25.1 

62 FALSE 0.0 -12.8 -16 1.4 -12.8 -2.2 -10.4 

63 FALSE 0.0 -12 -14.9 1.4 -12.1 -1.8 -0.8 

64 FALSE 0.0 -10.4 -13 1 -10.4 -1.4 -0.5 

65 FALSE 0.0 -9.6 -11.8 1.1 -9.6 -1.7 -3.6 

66 FALSE 0.1 -29.5 -57 -17.5 -31 -5.2 -14.2 

67 TRUE 0.1 -14.3 -19.1 6 -14.3 -7.1 -15.1 

68 TRUE 0.0 -12.7 -16.9 5.2 -12.7 -6.2 -18.9 

69 TRUE 0.0 -11.9 -15.7 4.6 -12 -5.2 -17.2 

70 TRUE 0.0 -10.4 -13.9 4 -10.5 -4.6 -13.3 

71 TRUE 0.0 -9.6 -12.5 2.3 -9.6 -3.9 -12.6 

72 TRUE 1.6 -24.4 -40.9 33 -27.7 11.4 -15.6 

73 FALSE 0.1 -10 -15.1 3.5 -10.2 -11.3 -14.7 

74 FALSE 0.0 -11.5 -15.5 1.2 -11.8 -12.3 -13.6 

75 FALSE 0.0 -11.1 -14.8 0.7 -11.2 -10.8 -14.2 

76 FALSE 0.0 -9.9 -13.1 -0.2 -10 -10.4 -11.4 

77 FALSE 0.0 -9.2 -12 0.5 -9.4 -9.2 -10.8 

78 FALSE 0.4 -25.1 -23.4 15.8 -22.9 -16.1 -18.4 

Entry 
Binding 
(exp,) Eint(r) Eint(r+k) Eint(fe)  Eint(PM7//fe) E int(e) 

Eint(X

TB/fe) 
Eint(XTB)  

 Fe4L6 (Ref. 4)  

79 TRUE 1.5 -2.2 -46.9 10.6 -7.4 -5.5 -6.5 
80 TRUE 3.1 -0.3 -28 8.5 -0.9 -8.1 -1.4 
81 TRUE 2.5 -0.7 -46.7 14.8 -2.4 -5.7 -4.6 
82 TRUE 2.6 -0.5 -15.9 14.2 -1.8 -7.3 -4.8 
83 TRUE 2.6 -0.7 -18.5 11.8 -1.5 -8.2 -5.4 
84 TRUE 3.6 -0.1 -34.1 7.8 -1.1 0.2 3.9 
85 TRUE 3.4 -1.2 -23.2 9.4 -1.4 -5.8 -2.5 
86 TRUE 3.2 -1.2 -25.2 8.5 -2.4 -3 -0.7 
87 TRUE 2.5 -1.4 -46.7 13.4 -4.5 -8.4 -9.6 
88 TRUE 2.1 -2.1 -40.1 8.8 -3 -2 -2.2 
89 TRUE 1.6 -1.5 -49.2 4.9 -2 -7.7 -5.5 
90 TRUE 1.1 -0.5 -16 1.7 -5.7 -7.5 -15 
91 TRUE 0.5 -1.4 -18.1 5.1 -4.7 -3.2 -7.4 
92 TRUE 4.8 4.0 3.6 -9.3 4.1 -15 -10.7 
93 TRUE - 0.0 0.0 0.0 0.0 0.0 0.0 
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94 TRUE 5.9 0.4 0.6 4.5 0.7 -3.1 8.2 
95 TRUE 5.4 0.0 -0.4 4.6 0 -3.7 9.1 
96 FALSE 12.5 7.0 6.2 3.3 2.7 1.7 13.4 
97 FALSE 10.4 3.5 2.9 4.1 4.3 -0.9 -68.5 
98 TRUE 4.6 0.8 -0.1 3.8 1.1 -5.1 7.4 
99 TRUE 5.0 1.4 0.6 9.1 0.6 -4.1 3.1 
100 TRUE 3.9 0.5 0.4 8.3 0.6 -0.4 0 
101 TRUE 5.3 1.3 -41.2 10 0.3 -7.8 0 
102 FALSE 9.6 4.0 4.1 10.4 4.4 2 2.8 

 
 
 
 
 

 
 
Figure S9. DFT optimized structures of cage (C-42) and cage-substrate complex (CS-42) and the binding 
affinity (∆E, in kcal mol-1) is computed at the SMD(MeCN)-M06-2X/def2-TZVP//PBE-D3BJ/def2-SVP level 
of theory. Due to the large molecular size the geometry optimization of C-42 and CS-42 were converged with 
respect to binding affinity (∆∆E < 1 kcal mol-1).  
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Table S5. Van der Waals radii used in the code. 

Atom VdW radius / Å Atom VdW radius / Å Atom VdW radius / Å 

H 1.20 Ar 1.88 In 1.93 

He 1.40 K 2.75 Sn 2.17 

Li 1.82 Ca 2.31 Sb 2.06 

Be 1.53 Ni 1.63 Te 2.06 

B 1.92 Cu 1.40 I 1.98 

C 1.70 Zn 1.39 Xe 2.16 

N 1.55 Ga 1.87 Cs 3.34 

O 1.52 Ge 2.11 Ba 2.49 

F 1.47 As 1.85 Pt 1.75 

Ne 1.54 Se 1.90 Au 1.66 

Na 2.27 Br 1.85   

Mg 1.73 Kr 2.02   

Al 1.84 Rb 3.03   

Si 2.10 Sr 2.49   

P 1.80 Pd 1.53   

S 1.80 Ag 1.72   

Cl 1.75 Cd 1.58   
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