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Figure S1. Optimized unit cells for the MOFs with and without C60, except Rpy and 

C60@Rpy, calculated with density functional theory (PBEsol/DZP/Pseudodojo). Color code: 

H (white), C (gray), N(blue), O (red), S (green) and Zn (purple). 
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Rsulf C60@Rsulf 

Figure S2. Optimized electronic device structure for a cluster; Rsulf and C60@Rsulf. Front 

view (top) and side view (bottom). 

 

Table S1. Lattice parameters of the MOFs with and without C60. 

MOF a(Å) b(Å) c(Å) α(°) β(°) 

 

γ(°) 

 

Rpy 11.66 15.68 27.35 92.39 95.49 90.13 

Rpyr 11.55 15.74 27.39 92.60 95.19 90.06 

Rthiopyr 11.51 15.60 27.89 92.51 94.74 90.20 

Ramine 11.70 15.59 29.33 93.66 96.08 89.62 

Rphen 11.64 15.59 29.91 92.40 95.65 90.11 

Rsulf 11.68 15.51 29.56 94.10 96.51 89.56 

Ramine,biph 11.66 15.68 37.28 92.38 95.49 90.13 

Roxy,biph 11.67 15.63 38.59 92.38 95.78 90.06 

Rsulf,biph 11.73 15.38 38.42 90.53 96.69 90.75 

C60@Rpy 12.85 14.67 27.17 94.67 93.11 90.54 

C60@Rpyr 12.71 14.84 27.34 92.26 95.45 90.81 

C60@Rthiopyr 12.71 14.56 27.74 91.04 92.36 90.29 

C60@Ramine 12.93 14.46 29.03 95.36 94.82 89.67 

C60@Rphen 13.04 14.31 28.81 96.25 94.55 89.65 

C60@Rsulf 13.17 14.20 29.55 97.21 96.49 89.31 

C60@Ramine,biph 13.03 14.45 37.75 93.51 97.79 89.30 

C60@Roxy,biph 12.94 14.37 37.43 94.67 96.93 89.25 

C60@Rsulf,biph 13.04 14.30 38.27 89.29 96.19 90.60 
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Figure S3. Density of states of C60@Rpyr, C60@Rphen and C60@Roxy,biph (oxygen-

functionalized materials) MOFs calculated using the PBE-D3 level. Fermi level energy is 

indicated by F. 
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Figure S4. Density of states of C60@Rthiopyr, C60@Rsulf and C60@Rsulf,biph (sulfur-

functionalized materials) MOFs calculated using the PBE-D3 level. Fermi level energy is 

indicated by F. 

 

 

 

Energy (eV) 

C60@Rsulf,biph 

D
en

si
ty

 o
f 

S
ta

te
s 

(e
V

-1
) 

D
en

si
ty

 o
f 

S
ta

te
s 

(e
V

-1
) 

Energy (eV) 

C60@Rsulf 

D
en

si
ty

 o
f 

S
ta

te
s 

(e
V

-1
) 

Energy (eV) 

C60@Rthiopyr 

500

1000

1500
F Total

150

300

450
F

p ligand

500

1000

1500
F p C60

-1,0 -0,5 0,0 0,5 1,0

3

6

9 F p linker

200

400

600
F Total

200

400

600
F p ligand

80

160

240 F p C60

-1,0 -0,5 0,0 0,5 1,0

50

100

150
F

p linker

130

260

390
F Total

130

260

390
F p ligand

100

200

300
F p C60

-1,0 -0,5 0,0 0,5 1,0

60

120

180
F

p linker



S7 
 

-1

0

1

2

3

F

ZBCLAG U

E
 (

e
V

)

C

VB=-0.48 CB=0.46  Eg=0.94 eV

 

-1

0

1

2

3
VB=-0.20 CB= 0.25 Eg=0.45 eV

F

ZBCLAG U

E
 (

e
V

)

C  

     Rpy 

 

       C60@Rpy 

-1

0

1

2

3
VB=-0.36 CB=0.36 Eg=0.72 eV

F

ZBCLAG U

E
 (

e
V

)

C
   

-1

0

1

2

3
VB=-0.12 CB=0.21 Eg=0.33 eV

F

ZBCLAG U

E
 (

e
V

)

C  

     Rpyr 

 

       C60@Rpyr 

  

-1

0

1

2

3
VB=-0.33 CB=0.32 Eg=0.65 eV

F

ZBCLAG U

E
 (

e
V

)

C    

-1

0

1

2

3
VB=-0.14 CB=0.22 Eg=0.36 eV

F

ZBCLAG U

E
 (

e
V

)

C  
     Rthiopyr  

 

       C60@Rthiopyr 



S8 
 

  

-1

0

1

2

3
VB=-0.22 CB=0.19 Eg=0.41 eV

F

ZBCLAG U

E
 (

e
V

)

C    

-1

0

1

2

3
VB=-0.19 CB=0.25 Eg=0.44 eV

F

ZBCLAG U

E
 (

e
V

)

C  
    Ramine 

 

         C60@Ramine 

-1

0

1

2

3
VB=-0.16 CB=0.12 Eg=0.28 eV

F

ZBCLAG U

E
 (

e
V

)

C  

-1

0

1

2

3
VB=-0.14 VB=0.21 Eg=0.35 eV

F

ZBCLAG U

E
 (

e
V

)

C  

        Rphen 

 

           C60@Rphen 

-1

0

1

2

3
VB=-0.15 CB=0.13 Eg=0.28 eV

F

ZBCLAG U

E
 (

e
V

)

C  

-1

0

1

2

3
VB=-0.14 CB=0.19 Eg=0.33 eV

F

ZBCLAG U

E
 (

e
V

)

C  

       Rsulf            C60@Rsulf 



S9 
 

   

-1

0

1

2

3
VB=-0.09 CB=0.07 Eg=0.16 eV

F

ZBCLAG U

E
 (

e
V

)

C   

-1

0

1

2

3
VB=-0.10 CB=0.11 Eg=0.21 eV

F

ZBCLAG U

E
 (

e
V

)

C  
   Ramine,biph 

 

     C60@Ramine,biph 

-1

0

1

2

3
VB=-0.14 CB=0.06 Eg=0.18 eV

F

ZBCLAG U

E
 (

e
V

)

C  

-1

0

1

2

3
VB=-0.11 CB=0.07 Eg=0.20 eV

F

ZBCLAG U

E
 (

e
V

)

C  
    Roxy,biph 

 

       C60@Roxy,biph 

-1

0

1

2

3
VB=-0.07 CB=0.03 Eg=0.10 eV

F

ZBCLAG U

E
 (

e
V

)

C  

-1

0

1

2

3
VB=-0.07 CB=0.07 Eg=0.14 eV

F

ZBCLAG U

E
 (

e
V

)

C  
    Rsulf,biph         C60@Rsulf,biph 

Figure S5. Band structure of the MOFs with and without C60 calculated using the PBE-D3 

level. Fermi level and band gap energy is indicated by F and Eg respectively. The space 

group of the MOFs is P1. The calculations were performed along the XΓYALCBZ path of 

the Brillouin zone. The x-coordinates of the high-symmetry points along this path are 0.00, 

0.19, 0.32, 0.40, 0.58, 0.66, 0.81, and 0.99 Å, respectively. 
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Figure S6. Electronic absorption spectra of MOFs clusters calculated at the TPSSh/6–31G 

level of theory. a MOF cluster without C60. b Porphyrin unit. 
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Table S2. Excited states, excitation wavelength (), oscillator strengths (f) for model 

C60@MOFs clusters obtained from TD-DFT calculations (TPSSh/6-31G). 

MOF 

Excited 

State 

 

(nm) 

f Transition Involved 

C60@Rpy 1 2139 0.0001 

 
NTOocc NTOvirt 

 2 2064 0.0082 

 
NTOocc NTOvirt 

 6 1952 0.0284 

 
NTOocc NTOvirt 

 8 1910 0.0378 

 
NTOocc NTOvirt 

 28 889 2.6075 

 
NTOocc 

 
NTOvirt 

 346 413 2.2285 

 
NTOocc NTOvirt 

C60@Rpyr 1 7161 0.0015 

 
NTOocc NTOvirt 
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 2 7010 0.0012 

 
NTOocc NTOvirt 

 6 5825 0.0191 

 
NTOocc NTOvirt 

 20 1509 0.0361 

 
NTOocc NTOvirt 

 58 811 2.7105 

 
NTOocc NTOvirt 

 230 508 1.1313 

 
NTOocc NTOvirt 

C60@Rthiopyr 1 4545 0.0001 

 
NTOocc NTOvirt 

 2 4351 0.0013 

 
NTOocc NTOvirt 

 9 3439 0.0217 

 
NTOocc NTOvirt 
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 12 2919 0.0365 

 
NTOocc NTOvirt 

 52 848 5.7516 

 
NTOocc NTOvirt 

 441 410 2.0580 

 
NTOocc NTOvirt 

C60@Ramine 1 3549 0.0017 

 
NTOocc NTOvirt 

 2 3519 0.0005 

 
NTOocc NTOvirt 

 10 2929 0.0081 

 
NTOocc NTOvirt 

 11 2902 0.0116 

 
NTOocc NTOvirt 

 28 1001 2.9057 

 
NTOocc NTOvirt 
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 357 421 1.4103 

 
NTOocc NTOvirt 

C60@Rphen 1 4053 0.0001 

 
NTOocc NTOvirt 

 2 3839 0.0045 

 
NTOocc NTOvirt 

 9 3131 0.0521 

 
NTOocc NTOvirt 

 12 2735 0.0294 

 
NTOocc NTOvirt 

 28 1016 2.8760 

 
NTOocc NTOvirt 

 337 424 1.2110 

 
NTOocc NTOvirt 

C60@Rsulf 1 2809 0.0042 

 
NTOocc NTOvirt 
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 2 2797 0.0026 

 
NTOocc NTOvirt 

 4 2641 0.0116 

 
NTOocc NTOvirt 

 9 2417 0.0308 

 
NTOocc NTOvirt 

 28 1009 3.0878 

 
NTOocc NTOvirt 

 295 448 3.0212 

 
NTOocc NTOvirt 

C60@Ramine,biph 1 2780 0.0006 

 
NTOocc NTOvirt 

 2 2769 0.0011 

 
NTOocc NTOvirt 

 19 1231 0.0012 

 
NTOocc NTOvirt 
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 25 1018 0.0293 

 
NTOocc NTOvirt 

 28 978 4.1397 

 
NTOocc NTOvirt 

 229 490 1.7735 

 
NTOocc NTOvirt 

C60@Roxy,biph 1 2597 0.0117 

 
NTOocc NTOvirt 

 2 2496 0.0002 

 
NTOocc NTOvirt 

 12 1891 0.0714 

 
NTOocc NTOvirt 

 26 1022 0.1181 

 
NTOocc NTOvirt 

 28 993 3.9598 

 
NTOocc NTOvirt 
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 225 493 1.2715 

 
NTOocc NTOvirt 

C60@Rsulf,biph 1 2706 0.0005 

 
NTOocc NTOvirt 

 2 2674 0.0024 

 
NTOocc NTOvirt 

 5 2467 0.0359 

 
NTOocc NTOvirt 

 7 2383 0.0204 

 
NTOocc NTOvirt 

 28 987 4.1981 

 
NTOocc NTOvirt 

 212 494 2.7319 

 
NTOocc NTOvirt 
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Table S3. Excited states, excitation wavelength (), oscillator strengths (f) for model MOFs 

without C60 clusters obtained from TD-DFT calculations (TPSSh/6-31G). 

MOF 

Excited 

State 

 (nm) f Transition Involved 

Rpy 5 1009 0.0003 

 
NTOocc NTOvirt 

 6 1008 0.0003 

 
NTOocc NTOvirt 

 94 474 3.5877 

 
NTOocc NTOvirt 

 136 420 2.6265 

 
NTOocc NTOvirt 

Rpyr 15 819 0.0004 

 
NTOocc NTOvirt 

 16 818 0.0029 

 
NTOocc NTOvirt 

 20 794 7.7422 

 
NTOocc NTOvirt 
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 208 403 2.9409 

 
NTOocc NTOvirt 

Rthiopyr 16 849 8.2807 

 
NTOocc NTOvirt 

 18 807 0.0753 

 
NTOocc NTOvirt 

 20 806 0.1775 

 
NTOocc NTOvirt 

 196 419 2.8305 

 
NTOocc NTOvirt 

Ramine 5 1157 0.0002 

 
NTOocc NTOvirt 

 6 1156 0.0002 

 
NTOocc NTOvirt 

 16 926 3.1380 

 
NTOocc NTOvirt 
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 143 411 4.3683 

 
NTOocc NTOvirt 

Rphen 5 1109 0.0002 

 
NTOocc NTOvirt 

 6 1108 0.0002 

 
NTOocc NTOvirt 

 30 650 0.4953 

 
NTOocc NTOvirt 

 140 408 5.2160 

 
NTOocc NTOvirt 

Rsulf 5 1146 0.0004 

 
NTOocc NTOvirt 

 6 1144 0.0004 

 
NTOocc NTOvirt 

 16 936 3.1424 

 
NTOocc NTOvirt 
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 132 437 3.6569 

 
NTOocc NTOvirt 

Ramine,biph 5 1078 0.0005 

 
NTOocc NTOvirt 

 6 1077 0.0003 

 
NTOocc NTOvirt 

 16 909 4.1567 

 
NTOocc NTOvirt 

 119 468 3.2600 

 
NTOocc NTOvirt 

Roxy,biph 5 1083 0.0003 

 
NTOocc NTOvirt 

 6 1082 0.0003 

 
NTOocc NTOvirt 

 30 649 0.4411 

 
NTOocc NTOvirt 
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Table S4. Excited states, excitation wavelength (), oscillator strengths (f) for porphyrin unit 

of MOFs obtained from TD-DFT calculations (TPSSh/6-31G). 

 116 480 3.3545 

 
NTOocc NTOvirt 

Rsulf,biph 5 1082 0.0003 

 
NTOocc NTOvirt 

 6 1081 0.0003 

 
NTOocc NTOvirt 

 30 642 0.4228 

 
NTOocc NTOvirt 

 105 498 3.2969 

 
NTOocc NTOvirt 

MOF 

Excited 

State 

 

(nm) 

f Transition Involved 

Rpy 1 889 0.6189 

 
NTOocc 

 
NTOvirt 

 6 473 0.9734 

 
NTOocc 

 
NTOvirt 
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 9 422 0.8383 

 
NTOocc NTOvirt 

Rpyr 1 820 2.0541 

 
NTOocc 

 
NTOvirt 

 2 818 0.0675 

 
NTOocc 

 
NTOvirt 

 13 405 0.7184 

 
NTOocc 

 
NTOvirt 

Rthiopyr 1 883 2.3060 

 
NTOocc NTOvirt 

 2 807 0.0253 

 
NTOocc 

 
NTOvirt 

 13 420 0.6956 

 
NTOocc NTOvirt 

Ramine 1 945 0.8701 

 
NTOocc NTOvirt 

 2 654 0.1109 

 
NTOocc NTOvirt 

 9 413 0.8640 

 
NTOocc NTOvirt 
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Rphen 1 924 0.8461 

 
NTOocc NTOvirt 

 7 469 0.8629 

 
NTOocc NTOvirt 

 9 411 1.3622 

 
NTOocc NTOvirt 

Rsulf 1 955 0.8722 

 
NTOocc NTOvirt 

 7 478 0.9062 

 
NTOocc NTOvirt 

 9 438 0.9529 

 
NTOocc 

 
NTOvirt 

Ramine,biph 1 930 1.2742 

 
NTOocc NTOvirt 

 2 653 0.1224 

 
NTOocc NTOvirt 

 9 458 0.9318 

 
NTOocc NTOvirt 

Roxy,biph 1 936 1.2366 

 
NTOocc NTOvirt 
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Figure S7. Molecular structure of C60@Rpy-new. Color code: H (white), C (gray), N(blue), O 

(red), and Zn (purple). 

 

 5 540 0.9029 
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Rsulf,biph 1 937 1.1446 

 
NTOocc NTOvirt 

 7 502 1.6084 
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