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S1. Stability test

60 mg solid was suspended in 10 mL aqueous solution at different pH values for 24 hours under room
temperature. The solid was collected by centrifuge and was rinsed by acetone three times, dried at 85
°C, and activated at 150 °C for 5 hours.

S2. SEM-EDS analysis

Metathesis between PCN-333-Fe(III) and CrCl,

2 4 6 8

Full Scale 1235 cts Cursor: 0.000 ke

Figure S1 EDS result of metathesis between PCN-333-Fe(III) and CrCl,

Table S1. EDS result of metathesis between PCN-333-Fe(III) and CrCl,

Element | Weight%  Atomic%

CK 42.49 75.75
CIK 3.60 2.17
CrL 49.42 20.35
FeL 4.49 1.72

Totals 100.00

Table S2. Metathesis between PCN-333-Sc and CrCl,

Element | Weight%  Atomic%
CK 52.40 67.93
oK 24.68 24.02
CIK 4.41 1.94
ScK 12.24 4.24
CrL 6.27 1.88
Totals 100.00




Figure S2 SEM-EDS mapping picture of Cl (left), and Cu (right), of PCN-333-Cr(III). The substrate

was made of Cu.

S3. Metathesis of PCN-333-Fe(III) with CrCl;

120 mg CrCl; was dissolved in 10 mL. DMF under rigorous stirring and heating. Freshly prepared
PCN-333-Fe(Ill) was added into the above solution. The mixture was warmed at 85 °C for 24 hours.
The solid was collected by centrifuge and washed with DMF.

S4. Metathesis of PCN-333-Sc with CrCl,

PCN-333-Sc was synthesized following the procedure in the literature.! 10 mg of freshly prepared
PCN-333-Sc was suspended in 2 mL DMF in a 4 mL pyrex vial. 30 mg CrCl, was added into the vial
in a glove box. The mixture was warmed at 85°C for 20 minutes and the solid was collected by
centrifuge and washed with DMF.

S5. ICP-MS results

Each sample was measured three times. The chart only showed the average value of the results for each

sample.

Table S3. ICP-MS results of each metathesis

Sample Metal 1 Concentration Metal 2 Concentration Metal 1: Metal 2
/ppb /ppb /molar ratio
1 Cr 869.11 Fe 72.92 12: 1
2 Cr 454.85 Fe 132.38 344:1

Sample 1: PCN-333-Fe(Ill) exchanged by CrCl,. Sample 2: PCN-333-Fe(I1I) exchanged by CrCls.



S6. BET surface areas and DFT pore sizes for PCN-333-Fe(III), PCN-333-Cr(III) and PCN-333-

Cr(II) after aqueous solution treatments

Table S4. BET surface areas and DFT pore sizes summary

BET surface area Total Volume in Pores  Total Area in Pores
/m? g’! /em? g! /m? g1

PCN-333-Fe(III) 2427 2.72 1603
PCN-333-Cr(11I) 2548 2.30 1611
PCN-333-Cr(III) treated with water 2742 2.69 1759
PCN-333-Cr(III) treated with pH=0 solution 2678 2.66 1717
PCN-333-Cr(I1l) treated with pH=11 solution 2610 2.54 1656
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Figure S3 Pore size distribution of PCN-333-Fe(III)
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Figure S4 Pore size distribution of PCN-333-Cr(III)
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Figure S5 Pore size distribution of PCN-333-Cr after water treatment
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Figure S6 Pore size distribution of PCN-333-Cr(III) treated with pH=0 solution
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Figure S7 Pore size distribution of PCN-333-Cr(III) treated with pH=11 solution




S7. Preparation of PEI-incorporated PCN-333-Cr(III) and PEI-incorporated PCN-333-Fe(I1I)

60 mg activated PCN-333-Cr(III) was suspended in anhydrous dichloromethane (5mL) and 300 mg
PEI was slowly added in the slurry. The mixture was well mixed by gentle shaking for 20 minutes. The
solid was separated by centrifuge and the excess PEI was washed by dichloromethane. The sample was
first dried under vacuum and activated at 80 °C for 1 hour. PEI-incorporated PCN-333-Fe(IIl) was
obtained in the same manner as PEI-incorporated PCN-333-Cr(III).

S8. CO, adsorptions of PEI-incorporated PCN-333-Cr (III) and PEI-incorporated PCN-333-Fe
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Figure S8 CO, adsorptions of PEI-incorporated PCN-333-Cr(III) and PEI-incorporated PCN-333-Fe(III)



S9. PXRD patterns of PEI-incorporated PCN-333-Cr(III) and PEI-incorporated PCN-333-Fe(III)
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Figure S9 PXRD patterns of PEI-incorporated PCN-333-Cr(III) and PEI-incorporated PCN-333-Fe(III)



S10. N, isotherms of PEI-incorporated PCN-333-Cr(III) and PEI-incorporated PCN-333-Fe(III)
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Figure S10 N, isotherms of PEI-incorporated PCN-333-Cr(III) and PEI-incorporated PCN-333-Fe(III)



S11. Thermogravimetric analysis of PCN-333-Cr(I1I)
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Figure S11 Thermogravimetric analysis of PCN-333-Cr(III)



S12. XPS result of PCN-333-Cr(I1I)
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Figure S12 XPS result of PCN-333-Cr(III). The peak at 576.7 eV indicates the presence of Cr(III).



S13. Rate constant calculations according to Marcus Theory

(logK 4)°
1/2
kyp = (kyakppKspf ap) / fap=—F——=1

kap = rate of cross reaction; kaa, kg = self exchange rates; K,p = equilibrium constant of reaction; Z =

collision frequency for hypothetical uncharged complex (1011-1013 M~ls™!

1/2
kyp = (kgakppK4p) /

).

Fe3T +cr*t sFe?t + o3t

Fe3t +e” sFe?t  E°=0.77V

cr3t +e -cr*t  E'= -040V

Fe3T + Fe?t oFe?™t + Fe3 ™ kAA=4.5M"1s"1
3t ettt sertt 4 ottt kpp=1x107° M s
AG® =- RTInK

AG® =— nFAE®
nFAE®
—RTInK = -nFAE® K=e ®T

K. = g3894(0.774040) _ 1 99 % 1019
AB = o

kyp=(192x 10" x 45 x1x 107 °)/2 =294 x 10’ M~ 's~*

The calculation of [Cr(H,0)s]>*+[Co(NH3)sC1]** couple is in the same manner.
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