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Fig. S1 Crystal structure of CAU-1. Hydrogen are omitted for clarity. C, gray; O, red; N, blue; {AlO6} octahedra, 
green.
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Fig. S2 Differences between bulk MOF and nano-MOF. For clarity, hydrogen and nitrogen in CAU-1 are omitted. Al, 
green; C, gray; O of ligands the same as bulk MOF, red; and O of terminated ligands, orange for CAU-1.

Bulk MOF has a high diffusion barrier resulted from the possible pore blockage through the long diffusion paths of 
guest molecule. When MOF crystal is scaled down to nanoscale range, the diffusion paths are dramatically shortened, 
which results in a low diffusion barrier and a fast mass transfer. Additionally, for bulk CAU-1 even after activation, 

saturated Al metal center is in an octahedral coordination geometry, and six-coordinated by three carboxylate oxygen 
atoms from ligands, two bridging methoxide ions and one bridging hydroxide (Al site 1). The relative number of 

surface Al site will drastically increase when CAU-1 crystals are scaled down to the nanoscale range. Different to the 
Al center (Al site 1) in the bulk part, Al center on the surface (Al site 2) will be terminated by partially coordinated 

ligands, methanol,  hydroxide or carbonyl oxygen atoms from FMP. The terminated reagents (such as methanol) of Al 
site 2 can be removed via thermal activation, leading to the formation of coordinatively unsaturated metal site (Al site 

3).
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Fig. S3 FT-IR spectra of FMP (black) and FMP precursor before activation at 350 oC (pink).

Fig. S4 a) C1s and b) O1s XPS spectra of FMP.
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Fig. S5 a) STEM image, b-d) corresponding elemental mapping, (e and f) EDX analysis of CAU-1@FMP.
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Fig. S6 Nitrogen adsorption-desorption isotherms at 77 K of CAU-1.

Fig. S7 Pore size distribution of FMP (black), CAU-1@FMP (red) and CAU-1 (blue), calculated using density 
functional theory (DFT) analysis.
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Fig. S8 Simulated XRD pattern for CAU-1 and measured PXRD patterns for bulk CAU-1 synthesized.

Table S1 Parameters of the porous structures of FMP, CAU-1 and CAU-1@FMP.

Sample BET surface area
(m2 g-1)

Micropore volume
(cm3 g-1)

Total pore volume
(cm3 g-1)

FMP 195 0.01 0.40
CAU-1 1477 0.42 1.27

CAU-1@FMP 489 0.13 0.76

Fig. S9 CO2 adsorption capacities (wt% CO2/ CAU-1) of CAU-1 (black), CAU-1@FMP (red) at 298 K. The adsorption 
capacity of CAU-1@FMP was calculated by subtracting the uptake of FMP substrate from the measured uptake.
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Table S2 CO2 adsorption capacities in metal organic frameworks. The highest and the second highest values at 273 K 
were highlighted in blue and green, respectively. The highest and the second highest values at 298 K were highlighted 

in red and pink, respectively.

MOF CO2 adsorption capacity (wt% / MOF)
Chemical formula Common 

name
150 mbar 1000 mbar Temperature (K)

Reference

16.0 27.5 273
Confined CAU-1 in FMP 5.0 11.0 298 This work

4.0 16.2 273
Bulk CAU-1

2.2 8.8 298
This work

Confined MOP-SO3H in SBA-16
(MOP content ~6.4 wt%) 8.0 28.9 273 S1

Confined MOP-SO3H in SBA-16 
(MOP content ~12.02 wt%) 4.2 12.8 273 S1

HKUST-1 in SBA-15 
(HKUST-1 content~97.19 wt%) 4.6 17.9 298 S2

14.1 20.5 273 S3
Ni2(dobdc) Ni-MOF-74

10.6 17.4 298 S3
[Cu2(BDPT4-)]n HNUST-5 4.9 15.8 273 S4
Zn2(dobdc) Zn-MOF-74 10.4 21.4 273 S3

8.1 25.9 273 S5
Cu2(EBTC)

4.46 14.1 298 S5
HKUST-1 7.9 31.7 273 S6

Cu3(BTC)2 2.0 18.4 298 S7
Cu2(abtc)3 SNU-5 6.9 38.5 273 S8
Cu2(C22H10O8)(H2O)2 NOTT-101 5.7 23.8 273 S9

10.6 23.5 273 S10
Cu-TTTT HNUST-1

4.3 12.6 298 S10
Zn(Pur)2 ZIF-20 4.7 12.4 273 S11
[Cu(bpy)2(EDS)]n TMOF-1 4.3 8.4 273 S12
Cu2(BPnDC)2(bpy) SNU-6 3.8 9.9 273 S13 
[(CH3)2NH2]2[Zn3(TADI
PA)2(DMF)2]

JLU-Liu40 3.6 20.7 273 S14 

Zn(nIM)(5cbIM) ZIF-69 3.3 11.8 273 S15
Cu2(CNBPDC)2·(DMF)2 MOF-601 3.2 7.4 273 S16
{[Cu(azbpy)(2ntp)]·H2O
}n 2.4 7.9 273 S17

1.8 6.2 273 S18
Zn4O(BDC)3

MOF-5, 
IRMOF-1 1.1 3.5 298 S19

Cu2(IBPDC)2·(Py)1.67(H2
O)0.33

MOF-603 1.4 4.9 273 S20

Zn(mIM)2 ZIF-8 1.1 6.8 273 S21
0.6 3.8 298 S21
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