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Materials and methods
General procedures: All synthetic procedures were carried out under an nitrogen
atmosphere using standard Schlenk techniques. All commercially available chemicals
were used as received without further purification. Solvents used for synthesis were
dried, distilled and degassed with the most suitable method. Column chromatography
was performed open to air using solvents as received.
Eletronspray-ionization MS (ESI-MS): Mass spectra were collected on a HR-ToF Bruker
Daltonik GmbH (Bremen, Germany) Impact II, an ESI-ToF MS capable of resolution of at
least 40000 FWHM. Detection was in positive-ion mode and the source voltage was
between 4 and 6 kV. The sample was introduced with a syringe pump at a flow rate of 18
ul/hr. The drying gas (N2) was held at 40 0C and the spray gas was held at 60°C. The
machine was calibrated prior to every experiment via direct infusion of a TFA-Na
solution, which provided a m/z range of singly charged peaks up to 3500 Da in both ion
modes. Software acquisition Compass 2.0 for Otof series. Software processing m- mass.
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Synthesis of building blocks (SI1)
All building blocks were synthesized according to slightly modified literature procedures.

Synthesis of LSOMe

Scheme S1. Synthetic route for the rigid building block LSOMe.
The building block was synthesized according to modified literature procedures [1,2].
Briefly, 3,5-dibromophenol (3 g, 11.28 mmol, 1 eq.), K2CO3 (4.7 g, 33.8 mmol, 3 eq.) and
MeI (1.76 g, 12.4 mmol, 1.1 eq.) were suspended in 100 mL acetone. The mixture was
refluxed overnight. After removal of the volatiles under reduced pressure, the residue
was dissolved in 300 mL Et2O and washed with 3x1M NaOHaq. The organic phase was
dried with Na2SO4 and the volatiles were removed under reduced pressure to yield IMe
(2.85 g, 95%). The 1H-NMR is consistent with the reported spectra. [1]
LSOMe: I1 (0.86 g, 3.25 mmol, 1eq.), 4-boronic acid pyridine (1 g, 8.13 mmol, 2.5 eq.) and
K2CO3 (6 g, 70 mmol, 23. Eq.) were suspended in 80 mL dioxane and 16 mL water.
Nitrogen was bubbled into the solution for 20 min before Pd(dppf)Cl2 (240 mg, 0.325
mmol, 0.1 eq.) was added. The mixture was heated to 95°C for 48h. After cooling the
mixture to room temperature, the volatiles were removed under reduced pressure. The
product was extracted into 300 mL EtOAc and the organic phase was washed with 3x1M
NaOHaq. The organic phase was dried with Na2SO4 and the volatiles were removed under
reduced pressure. The crude material was purified by column chromatography (SiO 2,
3%MeOH: DCM) to afford LSOMe (0.6 g, 70%) as an white solid. 1H NMR (400 MHz,
Acetonitrile-d3) δ 8.79 – 8.63 (m, 4H), 7.75 – 7.69 (m, 4H), 7.66 (t, J = 1.6 Hz, 1H), 7.38 (d,
J = 1.5 Hz, 2H), 3.97 (s, 3H). LogD(m2/s) at 25°C (MeCN-d3): -8.725.
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Figure S1. LSOMe building block, 1H NMR in MeCN-d3.

Synthesis of LFu

Scheme S2. Synthetic route for the rigid building block LFu.
The building block was synthesized according to modified literature procedure [3]. 2,5dibromofurane (0.74 g, 3.25 mmol, 1eq.), 4-boronic acid pyridine (1 g, 8.13 mmol, 2.5 eq.)
and K2CO3 (6 g, 70 mmol, 23. Eq.) were suspended in 80 mL dioxane and 16 mL water.
Nitrogen was bubbled into the solution for 20 min before Pd(dppf)Cl2 (240 mg, 0.325
mmol, 0.1 eq.) was added. The mixture was heated to 95°C for 48h. After cooling the
mixture to room temperature, the volatiles were removed under reduced pressure. The
product was extracted into 300 mL EtOAc and the organic phase was washed with 3x1M
NaOHaq. The organic phase was dried with Na2SO4 and the volatiles were removed under
reduced pressure. The crude material was purified by column chromatography (SiO 2,
1%MeOH: DCM to 4%MeOH:DCM) to afford LFu (0.58 g, 80%) as an white solid. 1H NMR
(300 MHz, Acetonitrile-d3) δ 8.65 (d, J = 5.3 Hz, 4H), 7.74 (d, J = 5.2 Hz, 4H), 7.22 (s, 2H).
LogD(m2/s) at 25°C (MeCN-d3): -8.672.
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Figure S2. LFu building block, 1H NMR in MeCN-d3.

Synthesis of LOBn

Scheme S3. Synthetic route for LOBn.

Intermediate PBn: The intermediate PBn was synthesized by a modified literature
synthesis.[4] Briefly, 2,6-dibromo-4-methyl-phenol (3 g, 11.28 mmol, 1 eq.), K2CO3 (4.7 g,
33.8 mmol, 3 eq.) and benzyl bromide (2.1 g, 12.4 mmol, 1.1 eq.) were suspended in 100
mL acetone. The mixture was refluxed overnight. After removal of the volatiles under
reduced pressure, the residue was dissolved in 300 mL Et 2O and washed with 3x1M
NaOHaq. The organic phase was dried with Na2SO4 and the volatiles were removed under
reduced pressure to yield PBn (3.81 g, 95%). The 1H NMR is consistent with the reported
spectra. [1]
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Figure S3. PBn precursor, 1H NMR in CDCl3.

LOBn: PBn (1.15 g, 3.25 mmol, 1eq.), 4-boronic acid pyridine (1 g, 8.13 mmol, 2.5 eq.) and
K2CO3 (6 g, 70 mmol, 23. Eq.) were suspended in 80 mL dioxane and 16 mL water.
Nitrogen was bubbled into the solution for 20 min before Pd(dppf)Cl2 (240 mg, 0.325
mmol, 0.1 eq.) was added. The mixture was heated to 95°C for 48h. After cooling the
mixture to room temperature, the volatiles were removed under reduced pressure. The
product was extracted into 300 mL EtOAc and the organic phase was washed with 3x1M
NaOHaq. The organic phase was dried with Na2SO4 and the volatiles were removed under
reduced pressure. The crude material was purified by column chromatography (SiO 2,
3%MeOH: DCM) to afford LOBn (0.8 g, 70%) as an white solid. 1H NMR (400 MHz, CDCl3) δ
8.74 (sbr, 4H), 7.58 (sbr, 4H), 7.26-7.13 (m, 6H), 6.68 (d, 2H), 4.17 (s, 2H), 2.45 (s, 3H).
13C NMR (101 MHz, CDCl ) δ 151.15, 149.41, 146.20, 135.50, 134.88, 133.65, 131.64,
3
128.63, 128.27, 128.25, 124.72, 77.43, 77.32, 77.12, 76.80, 75.94, 20.88. LogD(m 2/s) at
25°C (MeCN-d3): -8.851. HRMS (ESI+) calc. for [C24H20N2O]H+ 353.1648, found 353.1549.
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Figure S4. LOBn building block, 1H NMR in CDCl3.

Figure S5. LOBn building block, 13C NMR in CDCl3.
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Figure S6. LOBn building block, DOSY in MeCN-d3 at 25°C.

Synthesis of LBnPy

Scheme S4. Synthetic route for LBnPy.

LBnPy: PBn (0.57 g, 1.62 mmol, 1eq.), (4-(pyridin-4-yl)phenyl)boronic acid (1.3 g, 6.50
mmol, 4 eq.) and K2CO3 (3 g, 35 mmol, 23. Eq.) were suspended in 40 mL dioxane and
16 mL water. Nitrogen was bubbled into the solution for 20 min before Pd(dppf)Cl2 (120
mg, 0.162 mmol, 0.1 eq.) was added. The mixture was heated to 95°C for 48h. After
cooling the mixture to room temperature, the volatiles were removed under reduced
pressure. The product was extracted into 300 mL EtOAc and the organic phase was
washed with 3x1M NaOHaq. The organic phase was dried with Na2SO4 and the volatiles
were removed under reduced pressure. The crude material was purified by column
chromatography (SiO2, 3%MeOH: DCM) to afford LBnPy (0.65 g, 80%) as an white solid. 1H
NMR (400 MHz, Chloroform-d) δ 8.78 – 8.68 (m, 4H), 7.79 (d, J = 8.5 Hz, 3H), 7.73 (d, J =
8

8.4 Hz, 4H), 7.67 – 7.58 (m, 4H), 7.22 – 7.15 (m, 1H), 7.14 – 7.05 (m, 2H), 6.75 – 6.68 (m,
2H), 4.23 (s, 2H). 13C NMR (101 MHz, CDCl3) δ 151.39, 150.35, 148.00, 139.56, 136.83,
136.42, 135.31, 134.30, 131.03, 130.40, 128.55, 128.00, 127.86, 126.71, 121.53, 75.30,
20.96. HRMS (ESI+) calc. for [C24H20N2O]H+ 353.1648, found 353.1549.

Figure S7. LBnPy building block, 1H NMR in CDCl3.

Figure S8. LBnPy building block, 13C NMR in CDCl3.
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Synthesis of LPEG

IPEG was synthesized according to literature procedure.[5]
LPEG: IPEG (1 g, 2.26 mmol, 1eq.), 4-boronic acid pyridine (1.11 g, 9.00 mmol, 4 eq.) and
K2CO3 (6 g, 70 mmol, 23. Eq.) were suspended in 80 mL dioxane and 16 mL water.
Nitrogen was bubbled into the solution for 20 min before Pd(dppf)Cl 2 (240 mg, 0.325
mmol, 0.1 eq.) was added. The mixture was heated to 95°C for 48h. After cooling the
mixture to room temperature, the volatiles were removed under reduced pressure. The
product was extracted into 300 mL EtOAc and the organic phase was washed with 3x1M
NaOHaq. The organic phase was dried with Na2SO4 and the volatiles were removed under
reduced pressure. The crude material was purified by column chromatography (SiO 2,
3%MeOH: DCM) to afford LOBn (0.8 g, 70%) as an white solid. 1H NMR (500 MHz,
Acetonitrile-d3) δ 8.72 – 8.63 (m, 4H), 7.77 – 7.69 (m, 4H), 7.66 (d, J = 1.6 Hz, 1H), 7.38 (d,
J = 1.6 Hz, 2H), 4.37 – 4.28 (m, 2H), 3.89 – 3.84 (m, 2H), 3.71 – 3.66 (m, 2H), 3.64 – 3.60 (m,
2H), 3.60 – 3.48 (m, 6H), 3.48 – 3.44 (m, 2H), 3.29 (d, J = 2.1 Hz, 3H). 13C NMR (101 MHz,
CD3CN) δ 160.12, 150.30, 147.22, 140.36, 121.75, 118.27, 113.81, 71.60, 70.42, 70.23, 70.20,
70.17, 70.15, 70.00, 69.31, 67.99, 57.87. HRMS (ESI+) calc. for [C24H20N2O]H+ 353.1648,
found 353.1549.
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Figure S9. LPEG building block, 1H NMR in CD3CN.

Figure S10. LPEG building block, 13C NMR in CD3CN.
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Synthesis of LNaph and LThio
LNaph was synthesized according to literature.[6] LThio was synthesized according to
literature.[7]

Sphere Synthesis (SI2)
General remarks
All spheres were prepared as 0.41mM solutions in 1 mL dry and degassed
acetonitrile at noted temperature and time in 10 mL high pressure tubes. The
tubes were heated using an oil bath with the oil level not exceeding the solvent
level. The experimental setup for sphere formation is depicted herewith:

Due to different rotamers of the pyridines possible around the platinum center, relatively
broad signals can be obtained using 1H-NMR, especially for the -protons of the pyridine
ligands:

Figure S11. Showcase of rotational isomers around the platinum centers which leads to
multiple signals for the -protons of pyridine.
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Various Temperature

The LSOMe-based assemblies were synthesized as follows: To as solution of LSOMe (2.52
mg, 10 mol, 1 eq.) in 0.5 mL MeCN-d3 in a high pressure vial, 3.10 mg (6 mol, 0.6 eq.)
[Pt(BF4)2(MeCN)4] in 0.5 mL MeCN-d3 were added under a N2 atmosphere. The tube was
capped and heated for 4 days at different temperature (60°C, 85°C, 110°C and 150°C).

Figure S12. LSOMe assemblies with platinum prepared at different temperature, 1H NMR
in MeCN-d3.

Figure S13. LSOMe assemblies with platinum prepared at different temperature, zoom
into aromatic region, 1H NMR in MeCN-d3.
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Figure S14. ESI-MS spectra of LSOMe assemblies with platinum prepared at different
temperatures (from top to bottom: 60°C, 85°C, 110°C, 150°C and 170°C). All spectra of
assemblies prepared below 150°C are ill resolved and show little occurrence of higher
charged species which could be associated with spherical compounds.
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Figure S15. Full ESI-MS spectra of [Ptn(LSOMe)2n]2n+(BF4-)2n prepared at 150°C for 4d.
Below the simulated spectra of different sphere types, above obtained spectra.

Figure S16. Zoom in into most prominent unique peaks of [Ptn(LSOMe)2n]2n+(BF4-)2n
assemblies prepared at 150°C for 4d. Below the obtained spectra, above simulated
spectra.
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Table S1. Calculated and observed species of the [Ptn(LSOMe)2n]2n+ assemblies of a sample
prepared at 150°C for 4d.
Cage Type
M8L16
M9L18

M10L20

M11L22

M12L24

Composition
[Pt8(LSOMe)16(BF4-)9]7+
[Pt8(LSOMe)16(BF4-)11]5+
[Pt9(LSOMe)18(BF4-)10]8+
[Pt9(LSOMe)18(BF4-)11]7+
[Pt9(LSOMe)18(BF4-)12]6+
[Pt9(LSOMe)18(BF4-)13]5+
[Pt9(LSOMe)18(BF4-)14]4+
[Pt10(LSOMe)20(BF4-)9]9+
[Pt10(LSOMe)20(BF4-)11]8+
[Pt10(LSOMe)20(BF4-)12]7+
[Pt10(LSOMe)20(BF4-)13]6+
[Pt11(LSOMe)22(BF4-)12]10+
[Pt11(LSOMe)22(BF4-)13]9+
[Pt11(LSOMe)22(BF4-)14]8+
[Pt11(LSOMe)22(BF4-)15]7+
[Pt11(LSOMe)22(BF4-)16]6+
[Pt11(LSOMe)22(BF4-)17]5+
[Pt12(LSOMe)24(BF4-)14]10+
[Pt12(LSOMe)24(BF4-)15]9+
[Pt12(LSOMe)24(BF4-)16]8+
[Pt12(LSOMe)24(BF4-)17]7+
[Pt12(LSOMe)24(BF4-)18]6+
[Pt12(LSOMe)24(BF4-)19]5+

Calculated
904.0745
1342.3060
918.0890
1061.6737
1253.1202
1521.1451
1922.9322
905.6558
1029.7382
1188.2729
1401.9858
895.8092
1005.0106
1141.3875
1316.8721
1550.8516
1878.4227
985.1286
1104.2545
1253.0367
1444.4712
1699.7170
2057.0614

Found
904.0714
1342.3010
918.0860
1061.6694
1253.1158
1521.1387
1922.9218
905.6531
1029.7351
1188.2688
1401.9804
895.8069
1005.0072
1141.3883
1316.8666
1550.8447
1878.4157
985.1252
1104.2505
1253.0320
1444.4655
1699.7091
2057.0521

Table S2. Zoom in into different charged species of [Ptn(LSOMe)2n]2n+(BF4-)2n assemblies
for n = 8-12. An overlap between different spherical components can be observed.
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Figure S17. Distribution of different types of [Ptn(LSOMe)2n]2n+(BF4-)2n assemblies based
on the intensity of the corresponding unique peaks in MS analysis. In comparison the
distribution of the ethynyl linked building block LOMe adopted from [8].

Preparation in dmso/TFE

The LSOMe-based and LFu-based assemblies were synthesized as follows: To as solution of
the corresponding ligand (10 mol, 1 eq.) in 0.6 mL TFE and 0.4 mL dmso in a high
pressure vial, 3.10 mg (6 mol, 0.6 eq.) [Pt(BF4)2(MeCN)4] were added under a N 2
atmosphere. The tube was capped and heated for 1 day at 85°C. The samples were
precipitated in Et2O and separated by centrifugation. After letting the samples dry under
air, the solids were dissolved in 1 mL MeCN-d3 and analyzed via MS and 1H-NMR. MS
analysis was hampered by appearance of broad signals. The signal to noise ratio was not
sufficient enough to obtain a reliable spectrum. An example will be given in SI3.
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Figure S18. LSOMe assembly with platinum prepared at 85°C (top) in a mixture of dmso
and TFE, free building block LSOMe (bottom), 1H NMR in MeCN-d3.

Figure S19. MS spectrum of LSOMe assembly with platinum prepared at 85°C in a mixture
of dmso and TFE (recorded under identical conditions as other assemblies in MeCN).
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Figure S20. LFu assembly with platinum prepared at 85°C (top) in a mixture of dmso
and TFE, free building block LFu (bottom), 1H NMR in MeCN-d3.

Effect of coordinating additives (SI3)
The LSOMe-based assemblies were synthesized as follows: To as solution of LSOMe (2.52
mg, 10 mol, 1 eq.) in 0.5 mL MeCN-d3 in a high pressure vial, 3.10 mg (6 mol, 0.6 eq.)
[Pt(BF4)2(MeCN)4] in 0.5 mL MeCN-d3 were added under a N2 atmosphere. Then, the
required amount of additive was added (as summarized in table S3) and the solution was
stirred 20 min at room temperature. The tube was capped and heated for 4 days at 150°C.
The resulting solutions were analyzed with 1H NMR , MS and DOSY. 1H NMR (300 MHz,
Acetonitrile-d3) δ 9.19 (m, 4H), 8.09 (d, J = 6.9 Hz, 4H), 7.88 (s, 1H), 7.48 (s, 2H), 3.89 (s,
3H).
Table S3. Summary of different additives used in this work to labialize the Pt-N bonds.
Entry
Additive
Amounta
1
D2O
100l
2
[PtCl2(MeCN)2]
0.39 mol (6.5%)
3
2-chloropyridine
5 mol (83%)
4
TBACl
0.39 mol (7%)
5
Imidazole
0.42 mol (7%)
6
Boc-alanine
 mol (7%)
7
Leucine methylester
 mol (7%)
8
Propanethiol
 mol (7%)
a) The amount is given in percentage in respect to the used platinum precursor.
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Figure S21. LSOMe assembly with platinum prepared at 150°C in the presence of different
additives (top 6), free building block LSOMe (bottom), 1H NMR in MeCN-d3.

Figure S22. Zoom into aromatic region of LSOMe assembly with platinum prepared at
150°C in the presence of different additives (top 5), free building block LSOMe (bottom),
1H NMR in MeCN-d .
3
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Figure S23. Zoom into aromatic region of LSOMe assembly with platinum prepared at
150°C in the presence of different additives ,1H NMR in MeCN-d3.

Figure S24. Full ESI-MS spectra of [Pt12(LSOMe)24]24+(BF4-)24 prepared at 150°C in
presence of catalytic amounts of TBACl for 4d. Below the simulated spectra, above
obtained spectra.
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Table S4. Calculated and observed species of the [Pt12(LSOMe)24]24+ assembly of a sample
prepared at 150°C with catalytic amount of TBACl for 4d.
Composition
[Pt12(LSOMe)24(BF4-)13]11+
[Pt12(LSOMe)24(BF4-)14]10+
[Pt12(LSOMe)24(BF4-)15]9+
[Pt12(LSOMe)24(BF4-)16]8+
[Pt12(LSOMe)24(BF4-)17]7+
[Pt12(LSOMe)24(BF4-)18]6+
[Pt12(LSOMe)24(BF4-)19]5+
[Pt12(LSOMe)24(BF4-)20]4+

Calculated
887.6620
985.1286
1104.2545
1253.0367
1444.4712
1699.7170
2057.0614
2593.0779

Found
887.6543
985.1208
1104.2457
1253.0270
1444.4591
1699.7021
2057.0439
2593.0620

Table S5. Zoom in into different charged species of [Pt12(LSOMe)24]24+(BF4-)24 assembly.
An overlap between different spherical components is not observed.
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The LFu-based assembly was synthesized as follows: To as solution of LFu (2.22 mg, 10
mol, 1 eq.) in 0.4 mL MeCN-d3 in a high pressure vial, 3.10 mg (6 mol, 0.6 eq.)
[Pt(BF4)2(MeCN)4] in 0.4 mL MeCN-d3 were added under a N2 atmosphere. Then, 0.1 mg
TBACl (0.39 mol, 0.039 eq.) in 0.2 mL MeCN-d3 was added and the solution was stirred
20 min at room temperature. The tube was capped and heated for 4 days at 150°C. 1H
NMR (400 MHz, Acetonitrile-d3) δ 9.23 – 9.15 (m, 4H), 7.99 (d, J = 6.4 Hz, 4H), 7.36 (s ,
2H).

Figure S25. LFu assembly with platinum prepared at 150°C in the presence of catalytic
amount of TBACl, 1H NMR in MeCN-d3.
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Figure S26. LFu assembly with platinum prepared at 150°C in the presence of catalytic
amounts of TBACl (top), free building block LFu (bottom), 1H NMR in MeCN-d3.
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Figure S27. ESI-MS spectra of LFu assemblies with platinum prepared in dmso/TFE (top)
and in MeCN with catalytic amounts of TBACl (bottom). In the sample prepared in
TFE/dmso some higher charged species can be found. However, the resolution does not
allow quantification of different sized assemblies. Both spectra were recorded using the
same parameters on undiluted samples in MeCN.
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Figure S28. Full ESI-MS spectra of [Pt12(LFu)24] 24+(BF4-)24 prepared at 150°C in presence
of catalytic amounts of TBACl for 4d. Below the simulated spectra, above obtained
spectra.

Table S6. Calculated and observed species of the [Pt12(LSOMe)24]24+ assembly of a sample
prepared at 150°C with catalytic amount of TBACl for 4d.
Composition
[Pt12(LFu)24(BF4-)12]12+
[Pt12(LFu)24(BF4-)13]11+
[Pt12(LFu)24(BF4-)14]10+
[Pt12(LFu)24(BF4-)15]9+
[Pt12(LFu)24(BF4-)16]8+
[Pt12(LFu)24(BF4-)17]7+
[Pt12(LFu)24(BF4-)18]6+
[Pt12(LFu)24(BF4-)19]5+

Calculated
726.2936
800.2298
888.9531
997.3929
1132.9426
1307.2208
1539.4247
1864.7106

Found
726.2847
800.2180
888.9414
997.3807
1132.9291
1307.2059
1539.4066
1864.6891
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Table S7. Zoom in into different charged species of [Pt12(LFu)24]24+(BF4-)24 assembly. An
overlap between different spherical components is not observed.
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[Pt12(LPEG)24]24+(BF4-)24

To a solution of LPEG (4.38 mg, 10 μmol, 1 eq.) in 500 μL CD3CN, [Pt(BF4)2(MeCN)4] (3.2
mg, 6 μmol, 0.6 eq.) in 500 μL CD3CN and 0.1 mg TBACl (0.39 mol, 0.039 eq.) were added.
The solution was stirred at 150°C for 4 days in a high pressure tube. 1H NMR (500 MHz,
Acetonitrile-d3) δ 9.38 – 9.04 (m, 4H), 8.09 (d, J = 6.4 Hz, 4H), 7.94 – 7.81 (m, 1H), 7.48 (d,
J = 16.2 Hz, 2H), 4.24 (s, 2H), 3.79 (s, 2H), 3.68 – 3.27 (m, 12H), 3.27 – 3.04 (m, 6H).Log D
(m2s-1) at 25°C (CD3CN): -9.55.

Figure S29. LPEG assembly with platinum prepared at 150°C in the presence of catalytic
amounts of TBACl (top), free building block LFu (bottom), 1H NMR in MeCN-d3.

Figure S30. Full ESI-MS spectra of [Pt12(LPEG)24] 24+(BF4-)24 prepared at 150°C in presence
of catalytic amounts of TBACl for 4d. Below the simulated spectra, above obtained
spectra.

31

Table S8. Calculated and observed species of the [Pt12(LPEG)24]24+(BF4-)24 assembly of a
sample prepared at 150°C with catalytic amount of TBACl for 4d.
Composition
[Pt12(LPEG)24(BF4-)12]12+
[Pt12(LPEG)24(BF4-)13]11+
[Pt12(LPEG)24(BF4-)14]10+
[Pt12(LPEG)24(BF4-)15]9+
[Pt12(LPEG)24(BF4-)16]8+
[Pt12(LPEG)24(BF4-)17]7+
[Pt12(LPEG)24(BF4-)18]6+

Calculated
1158.9002
1272.1643
1407.9811
1574.0906
1781.7275
2048.6889
2404.6379

Found
1158.9241
1272.1912
1408.0098
1574.1208
1781.7594
2048.7257
2404.6805
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Table S9. Zoom in into different charged species of [Pt12(LPEG)24]24+(BF4-)24 assembly. An
overlap between different spherical components is not observed.
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[Pt12(SOMe)12(SOBn)12]24+(BF4-)24
The mixed assembly was synthesized as follows: To as solution of LSOMe (1.26 mg, 5 mol,
1 eq.) and LSOBn (1.76 mg, 5 mol, 1 eq.) in 0.5 mL MeCN-d3 in a high pressure vial, 3.10
mg (6 mol, 0.6 eq.) [Pt(BF4)2(MeCN)4] and 0.1 mg TBACl (0.39 mol, 0.039 eq.) in 0.5
mL MeCN-d3 were added under a N2 atmosphere. The solution was stirred 20 min at room
temperature. The tube was capped and heated for 4 days at 150°C. The resulting solutions
were analyzed with 1H NMR , MS and DOSY. 1H NMR (300 MHz, Acetonitrile-d3) δ 9.19
(m, 4H), 8.09 (d, J = 6.9 Hz, 4H), 7.88 (s, 1H), 7.48 (s, 2H), 3.89 (s, 3H).

Figure S31. LSOMe + LSOBn assembly with platinum prepared at 150°C in the presence of
catalytic amounts of TBACl (bottom), free building block LSOMe (top), 1H NMR in MeCN-d3.

Figure S32. Full ESI-MS spectra of [Pt12(LSOBn)x(LSOMe)y]24+(BF4-)24 prepared at 150°C in
presence of catalytic amounts of TBACl for 4d. Below the simulated spectra, above
obtained spectra.
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Table S10. Calculated and observed species of the [Pt12(LSOBn)x(LSOMe)y]24+(BF4-)24
assembly of a sample prepared at 150°C with catalytic amount of TBACl for 4d.
Composition
[Pt12(LSOMe)12(LSOBn)12(BF4-)12]12+
[Pt12(LSOMe)12(LSOBn)12(BF4-)13]11+
[Pt12(LSOMe)12(LSOBn)12(BF4-)14]10+
[Pt12(LSOMe)12(LSOBn)12(BF4-)15]9+
[Pt12(LSOMe)12(LSOBn)12(BF4-)16]8+
[Pt12(LSOMe)12(LSOBn)12(BF4-)17]7+
[Pt12(LSOMe)12(LSOBn)12(BF4-)18]6+

Calculated
882.5547
970.6964
1076.4665
1205.6297
1367.2091
1574.9538
1851.9467

Found
882.5550
970.6947
1076.4638
1205.6276
1367.2105
1574.9496
1851.9403

Table S11. Zoom in into different charged species of [Pt12(LSOBn)12(LSOMe)12]24+(BF4-)24
assembly. An overlap between different spherical components is not observed.
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Figure S33. Zoom in into 8+ species of [Pt12(LSOBn)x(LSOMe)y]24+(BF4-)24 prepared at 150°C
in presence of catalytic amounts of TBACl for 4d. A semi-Gaussian distribution of the two
corresponding ligands in the formed self-assemblies is observed. Below the simulated
spectra, above obtained spectra.
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[Ptn(LBnPy)2n]2n+(BF4-)2n
The LBnPy-based assembly was attempted to synthesize as follows: To as solution of LBnPy
(5.04 mg, 10 mol, 1 eq.) in 0.4 mL MeCN-d3 in a high pressure vial, 3.20 mg (6 mol, 0.6
eq.) [Pt(BF4)2(MeCN)4] in 0.4 mL MeCN-d3 were added under a N2 atmosphere. Then, 0.1
mg TBACl (0.39 mol, 0.039 eq.) in 0.2 mL MeCN-d3 was added and the solution was
stirred 20 min at room temperature. The tube was capped and heated for 4 days at 150°C.
A ill-defined 1H-NMR spectra was obtained after this period. MS analysis showed no
occurrence of spherical objects. Similar results were also obtained without the addition
of TBACl and also at other temperature.

Figure S34. LBnPy assembly with platinum prepared at 150°C in the presence of catalytic
amounts of TBACl (top), free building block LBnPy (bottom), 1H NMR in MeCN-d3.

[Pt12(LNaph)24]24+(BF4-)24

The assembly was synthesized as follows: To a suspension of LNaph (2.82 mg, 10 mol, 1
eq.) in 0.5 mL MeCN-d3 in a high pressure vial, 3.10 mg (6 mol, 0.6 eq.)
[Pt(BF4)2(MeCN)4] and 0.1 mg TBACl (0.39 mol, 0.039 eq.) in 0.5 mL MeCN-d3 were
added under a N2 atmosphere. The solution was stirred 20 min at room temperature. The
tube was capped and heated for 4 days at 150°C. The resulting cloudy solution was
analyzed with 1H NMR , MS and DOSY. 1H NMR (300 MHz, Acetonitrile-d3) δ 9.14 (m, 3H),
8.60 (m, 2H), 8.04 (m, 9H).
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Figure S35. LNaph assembly with platinum prepared at 150°C in the presence of catalytic
amount of TBACl, 1H NMR in MeCN-d3.

Figure S36. [Pt12LNaph24] sphere, DOSY NMR in MeCN-d3 at 25°C.
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Figure S37. Full ESI-MS spectra of [Pt12(LNaph)24]24+(BF4-)24 prepared at 150°C in
presence of catalytic amounts of TBACl for 4d. Top right: Below the simulated spectra,
above obtained spectra.
Table S12. Calculated and observed species of the [Pt12(LNaph)24]24+(BF4-)24 assembly of a
sample prepared at 150°C with catalytic amount of TBACl for 4d.
Composition
[Pt12(LNaph)24(BF4-)13]11+
[Pt12(LNaph)24(BF4-)14]10+
[Pt12(LNaph)24(BF4-)15]9+
[Pt12(LNaph)24(BF4-)16]8+
[Pt12(LNaph)24(BF4-)17]7+
[Pt12(LNaph)24(BF4-)18]6+
[Pt12(LNaph)24(BF4-)19]5+

Calculated
931.4006
1033.1410
1157.6015
1313.1772
1513.2033
1779.9045
2153.2864

Found
931.3968
1033.1368
1157.5977
1313.1733
1513.1990
1779.8999
2153.2810
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[Pt24(LThio)48]48+(BF4-)24

The assembly was synthesized as follows: To a solution of LThio (2.38 mg, 10 mol, 1 eq.)
in 0.5 mL MeCN-d3 in a high pressure vial, 3.10 mg (6 mol, 0.6 eq.) [Pt(BF4)2(MeCN)4]
and 0.1 mg TBACl (0.39 mol, 0.039 eq.) in 0.5 mL MeCN-d3 were added under a N 2
atmosphere. The solution was stirred 20 min at room temperature. The tube was capped
and heated for 4 days at 150°C. The resulting cloudy solution was analyzed with 1H NMR
, MS and DOSY. 1H NMR (300 MHz, Acetonitrile-d3) δ 8.98 (m, 4H), 7.71 (m, 6H).

Figure S38. LThio assembly with platinum prepared at 150°C in the presence of catalytic
amount of TBACl, 1H NMR in MeCN-d3.
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Figure S39. [Pt24LThio48] sphere, DOSY NMR in MeCN-d3 at 25°C.

Figure S40. Full ESI-MS spectra of [Pt24(LThio)48]24+(BF4-)24 prepared at 150°C in presence
of catalytic amounts of TBACl for 4d. Below the simulated spectra, above obtained
spectra.
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Figure S41. Zoom in ESI-MS spectra (14+ species) of [Pt24(LThio)48]48+(BF4-)48 prepared
at 150°C in presence of catalytic amounts of TBACl for 4d. Below the simulated spectra,
above obtained spectra.

DOSY NMR (SI4)
Table S13. Summary of calculated hydrodynamic radii for different type of Pt nL2n
assemblies for LSOMe and the expected logD values.
Sphere Size
Calc. Hydrodynamic r [nm]
Calc. Log D
M8L16
1.4
-9.34
M12L24
1.8
-9.45
Despite the differences in size, the fitting of overlapping, slow diffusing species such as
the Pt8L16 and Pt12L24 spheres as two separable components (within instrumental error)
remains an experimental limitation of the technique. An averaged diffusion coefficient is
obtained in all experiments. This averaged diffusion coefficient is located between -9.4 to
-9.55 for all formed structures regardless of the applied temperature. Yet, the technique
clearly indicates the formation of larger species which together with MS analysis and 1H
NMR supports formation of the desired self-assemblies.
Table S14. Summary of the obtained logD values
Ligand
LFu (free building block)
LSOMe(free building block)
LFu
LFu

Temperature[°C]
85
150

Additive
TFE:dmso (6:4)
TBACl

logD[m2/s]
-8.672
-8.725
-9.418
-9.471
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LSOMe
LSOMe
LSOMe
LSOMe
LSOMe
LSOMe
LSOMe

60
85
110
150
85
150
150

TFE:dmso (6:4)
[PtCl2(MeCN)2]
TBACl

-9.444
-9.504
-9.548
-9.423
-9.545
-9.352
-9.394

Figure S42. LSOMe building block, DOSY NMR in MeCN-d3 at 25°C.
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Figure S43. LFu building block, DOSY NMR in MeCN-d3 at 25°C.

Figure S44. [PtnLSOMe2n] sphere formation performed at 60°C, DOSY NMR in MeCN-d3 at
25°C.
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Figure S45. [PtnLSOMe2n] sphere formation performed at 85°C, DOSY NMR in MeCN-d3 at
25°C.

Figure S46. [PtnLSOMe2n] sphere formation performed at 110°C, DOSY NMR in MeCN-d3
at 25°C.
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Figure S47. [PtnLSOMe2n] sphere formation performed at 150°C, DOSY NMR in MeCN-d3
at 25°C.

Figure S48. [PtnLSOMe2n] sphere formation performed at 150°C with catalytic amounts
of [PtCl2(MeCN)2], DOSY NMR in MeCN-d3 at 25°C.
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Figure S49. [PtnLSOMe2n] sphere formation performed at 150°C with catalytic amounts
of TBACl, DOSY NMR in MeCN-d3 at 25°C.

Figure S50. [PtnLSOMe2n] sphere formation performed at 85°C in a 6:4 mixture of dmso
and trifluoroethanol, DOSY NMR in MeCN-d3 at 25°C.
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Figure S51. [PtnLFu2n] sphere formation performed at 85°C in a 6:4 mixture of dmso and
trifluoroethanol, DOSY NMR in MeCN-d3 at 25°C.

Figure S52. [PtnLFu2n] sphere formation performed at 150°C with catalytic amounts of
TBACl, DOSY NMR in MeCN-d3 at 25°C.
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Figure S53. [PtnLPEG2n] sphere formation performed at 150°C with catalytic amounts of
TBACl, DOSY NMR overlay in MeCN-d3 at 25°C (red=staring material, blue=selfassembly).
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Stability studies (SI5)
The stability of Pt- and Pd-based self-assemblies was studied by addition of 4 eq. of
substrate per metal ion to a 50% diluted solution of the corresponding spheres. The
samples were stirred 24 h at room temperature before being analyzed with 1H NMR. The
stability of the spheres was calculated usi ng the ration of the free building block (8.6-8.8
ppm) versus the sphere signals (9-9.5 ppm). The Pd-based system was synthesized
according to literature.

Figure S54. [Pt12LSOMe24] sphere stability in presence of: a) sodium chloride and D2O; b)
benzoic acid and triethylamine; c) dimethylaminopyridine; d) benzylamine; e) pure cage,
1NMR in MeCN-d at 25°C. Green rectangles are contributed to sphere signals; red
3
rectangle to free building block.

Figure S55. [Pd12LPEG24] sphere stability in presence of: a) pure cage; b) sodium chloride
and D2O; c) D2O; d) dimethylaminopyridine; e) benzoic acid and triethylamine; f)
benzylamine, 1NMR in MeCN-d3 at 25°C. Green rectangles are contributed to sphere
signals; red rectangle to free building block.
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Computational Methods (SI6)
Computational methods for sphere optimizations: The relative energies of coordination
cage topologies were computed using an extension of previously reported classicalmechanics dynamics model.[9] Amber forcefield parameters were developed for
platinum-pyridyl coordination and sp1 carbon bonds by a genetic fitting of DFT single
point energies, via paramfit,[10] computed at the rB3LYP/def2TZV level of theory, via
Gaussian 16.[11] Platinum non-bonded interactions were based on previously reported
values for divalent platinum ions.[12]
Structures were assembled for coordination cages containing 6–12 metal centers, either
palladium or platinum, based on templates using profit.[13] These initial structures were
optimized with the parameterized forcefield using the single-threaded sander program
included in the AmberTools16 suite.[14] A molecular dynamics trajectory was then
propagated for 5 ns of equilibration and 20 ns of productive molecular dynamics using
the GPU-enabled pmemd.cuda.[15] Both minimization and molecular dynamics trajectory
simulations were carried out with a generalized-Borne model implicit solvation adjusted
for the dielectric constant of acetonitrile (ca. 36 F m -1) as shown below in the provided
input files, Table S15. The average potential energy of each model, divided by the number
of metal centers, was then used to compute the relative free energy for each topology in
models constructed from either platinum or palladium metal centers.
Table S15: Amber input files for single-threaded CPU minimization and minimization.
Minimization
Molecular dynamics
&cntrl
&cntrl
imin
= 1,
imin = 0,
ntb
= 0,
ntb = 0,
igb
= 7,
irest = 1, ntx = 7,
saltcon
= 0.1,
igb = 7, saltcon = 0.1, extdiel = 36,
extdiel
= 36,
cut = 9999,
maxcyc
= 4000,
ntt = 3, gamma_ln=1.0,
ioutfm
= 1,
tempi
= 0.0, temp0 =300.0,
ncyc
= 500,
nstlim
= 5000000, dt = 0.001,
cut
= 12,
ioutfm
= 1,
ntwr
= 10,
ntpr = 1000,
ntwx = 1000, ntwr
ntpr
= 10,
=1000
/
/
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Computational methods for ligand flexibility:
Minimized structures were obtained for LOMe, LBnPy, and LSOme, as depicted (Figure 3) at a
b3lyp/def2tzv level of theory using Guassian 16 rev C.[11] From this minimum structure
the minimum potential energy surface of the bend angle was computed by a relaxed scan
of the angles at the same b3lyp/def2tzv level of theory using the ‘relaxed scan’ facility of
Gaussian 16 rev. C. The input lines for the inital optimization and relaxed angle scans is
provided below in Table S16.
Table S16: Input file control lines for optimization and relaxed angle scan.
Optimization #p opt rb3lyp/def2tzv geom=connectivity scf=qc scrf=(solvent=dmso)

Relaxed scan #p
opt=modredundant
rb3lyp/def2tzv
guess=check scrf=(solvent=dmso)

geom=connectivity

Mass Calibration (SI7)
During all mass experiments the settings and flow rate were kept constant. In detail: The
samples were introduced non-diluted with a syringe pump at a flow rate of 18 ul/hr. The
drying gas (N2) was held at 40°C and the spray gas was held at 60°C. Quadrupole Ion
Energy: 10.0 eV; Collision Cell Energy: 5.0 eV; Collision RF: 4200.0; Transfer Time: 120.0
s; Pre Pulse Storage: 20.0 s. The values can vary between different machines, but the
trend should always be the same. We recommend due to variations in intensity, to
perform a calibration on the machine on which quantification of assemblies is desired.
The correlation between the concentration of pure Pt 12LSOMe24 assembly in solution and
the counts obtained by MS measurements was obtained by a dilution calibration. In
detail: A sample containing Pt12LSOMe24 was measured in different dilutions (keeping the
MS parameters constant). The dilution of the sample was performed by diluting the
sample with a solution containing Pd 12LOMe24. This way, the ion concentration of the
solution remains constant, allowing to obtain a linear correlation between the amount of
counts and the concentration of a certain assembly. For our calibration, we focused on
the signal 1444 (any other signal can also be used by choice).

52

Figure S56. Calibration curve for [Pt12LSOMe24].
With this correlation in hand, the concentration of Pt12LSOMe24 can be calculated based on
intensity. The calculated and obtained values via different methods are as follows:
Table S17: Calculated relative concentrations of Pt12L24 assemblies.
Ligand
LSOMe

Method
Intensity
Pt12L24a
Pt12L24b
No additive
15200
26%
23%
150°C
LSOMe
DMSO/TFE 85°C
2000*
n.d.
<10%
c
LSOMe
TBACl 150°C
65500
95%
LFu
DMSO/TFE 85°C
3500*
n.d.
<10%
Fu
d
L
TBACl 150°C
51300
95%
a The amount of the assembly was calculated by choosing unique peaks with high
intensity for each of the possible assemblies and then dividing the obtained individual
values by the sum of the intensities.
The amount of the assembly was calculated based on the calibration between intensity
and concentration.
b

c

The calibration was performed using this sample.

Due to the linear response which was shown for LSOMe assemblies, a simple two point
calibration was assumed.
d

* Due to a too low signal to noise ratio, the intensity of the assembly at 1444 Da was
approximated to be below 2000 or 3500 a.u.
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The calculated amount using the calibration is in good agreement to the relative intensity
of the self-assemblies to each other in solution. To furthermore exclude that a presence
of oligomeric material disturbs the amount of counts, we diluted a sample of [Pt12LSOMe24]
with oligomeric material which was obtained by the precipitation of an mixture which
was prepared in dmso/TFE. The [Pt 12LSOMe24] sample was then diluted 4 times with the
oligomeric material which was dissolved in MeCN.

Figure S57. [Pt12LSOMe24] diluted four times with oligomeric [PtnLSOMe2n].
The obtained amount of counts: 15199 is in a good agreement with the expected 16375
(from a 4 times diluted sample). This shows that the presence of oligomeric material only
slightly affects the quantification of the self-assemblies (8% off).
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