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Supplementary Figures

Figure S1. The seeding of the Cu:Ni-BTEC by reflux condition. 

Figure S2. (a) SEM images of Cu:Ni-BTEC/GO and (b) histogram distribution diameter of 

Cu:Ni-BTEC/GO.



     

Figure. S3. XRD pattern of various Cu:Ni-BTEC/GO 



     

Figure. S4. XPS survey spectrum of Cu:Ni-BTEC/GO and Cu2:NiS2@C/rGO.



     

Figure. S5. (a) XRD patterns for reusability test of Cu2S:NiS2@C/rGO, TEM images of 
Cu2S:NiS2@C/rGO photocatalyst (b) before and (c) after 5th cycles.

Table S1. The wt.% of elemental analysis in the sample by ICP-OES.
Catalyst Cu (wt.%) RSD (%) Ni (wt.%) RSD (%) S (wt.%) RSD (%)

Cu2S-NiS2@C/rGO 21.2 1.26 17.8 2.18 14.8 0.94

Cu:Ni-BTEC/GO 13.4 1.79 11.5 1.99 - -

Table S2. BET surface area, pore volume, and pore diameter of Cu:Ni-BTEC and its derivatives.

Catalyst
BET surface 
area (m2 g-1)

Pore volume 
(cm3 g-1)

Average pore size (nm)

Cu2S:NiS2@C/rGO 131 0.63 19

Cu:Ni-BTEC/GO 82 0.42 20

Cu-BTEC/GO 14 0.03 9

Ni-BTEC/GO 63 0.17 10

Cu:Ni-BTEC 62 0.32 20

The low surface area of Cu:Ni-BTEC is possibly due to the distortion molecule induced by the 
guest molecule/solvent filling the pore. Result in weak interaction of the framework with N2 (low 
N2 uptake) [1–3]. However, different MOFs with a relative low surface area were also reported, 
as shown in Table S4.



     
Table S3. The comparison study for Chan-Lam C-N coupling with other reported catalyst.
No Catalyst Structure Condition Additive Light 

source
Nu. of 
exa.

Conv. 
(%) Rec.(th) Ref.

1 Cu2S:NiS2@C/rGO core-shell;hybrid

1a (0.5 mmol), 
1b (0.5 mmol), 
5mg catalyst, 
MeOH:H2O(3:
1), 25°C, 6h, 
air

-

Xe-lamp 
(400-
800 nm); 
200 mW/c
m2

8,
Other C-N 
oxidative 
coupling 
(6)

91-99 5 This 
work

2

Fe3O4@SiO2/APTES/IMM
Ph@Ni2+ NPs core-shell;hybrid

1a (1 mmol), 
1b (2 mmol), 
100mg 
catalyst, H2O, 
25-80°C, 1-6h

Na3PO4 (1 eq) - 10 59-85 5 [4]

3 Fe3O4@SiO2‐dendrimer‐e
ncapsulated Cu(II) core-shell;hybrid

1a (1.2 mmol), 
1b (1 mmol), 
10mg catalyst, 
MeOH, reflux 
(60-70°C), 1.5-
6h

- - 12 80-95 - [5]

4 Cu3(BTC)2 Conventional

1a (0.3 mmol), 
1b (0.3 mmol), 
25mg catalyst, 
EtOH, 60°C, 
12h, air

Et3N (0.3 eq) - 5 37-92 4 [6]

5 Cu2S/TMEDA -

1a (1 mmol), 
1b (2 mmol), 
34 mg catalyst, 
MeOH, r.t, 24-
48, air

TMEDA (1eq) - 14 60-90 - [7]

6 Cu/grephene Conventional

1a (1 mmol), 
1b (1 mmol), 
50 mg 5 wt% 
Cu catalyst, 
MeOH, 25°C, 
1-6h, O2

External O2 Xe lamp 11 13-99 5 [8]



     

7 Polymer supported 
copper(II) complexes -

1a (0.375 
mmol), 1b 
(0.25 mmol), 
10 mol % 
Cu(II) ions, 
EtOH, 70°C, 
8h

Base K2CO3 
(0.2 eq) - - 100 4 [9]

8 NiO NPs Conventional

1a (1 mmol), 
1b (1.5 mmol), 
7mg catalyst, 
H2O/EtOH 
(4:6), 50°C, 1-
5

K2CO3 (2 eq) - 9 70-83 6 [10]

9 Cu/g-C3N4 Conventional

1a (1 mmol), 
1b (1 mmol), 
140mg 20 
mol% catalyst, 
MeOH, r.t-
65°C, 8-12h, 
air

K2CO3 (1 eq)
blue LED 
(455–460 
nm, 10 W)

19 56-95 6 [11]

10 N‐enriched–GO/Cu Conventional

1a (1 mmol), 
1b (2 mmol), 2 
mol% catalyst, 
EtOH:H2O(1:1
), 50-80°C, 
1.5-5h, air

Base K2CO3 
(2 eq) - 16 40-98 5 [12]

11 fac‐[Ir(ppy)3]‐assisted CuII -

1a (0.38 
mmol), 1b 
(0.25 mmol), 2 
mol% catalyst, 
toluene:MeCN
(1:1), 35°C, 
20, air

2,6‐lutidine (1 
eq) Blue LED 22 5-100 - [13]

1a: arylboronic acid,
1b: aryl amine, entry 2-5 base on imidazole derivatives, entry 9-11 base on aniline derivatives 



     

Table S4. Comparison surface area of different MOF
No MOF Organic Linker Morphology Size* 

(nm)
BET 
surfaces 
area 
(m2/g)

Ref.

1 Cu:Ni-BTEC 1,2,4,5-benzene-
tetra-carboxylic acid

rod 32 62 This 
work

r-MIL-88A rod 100 24
s-MIL-88A Spindle 150 20

2

d-MIL-88A

fumaric acid

Diamond 200 12

[14]

3 Ni:Co-BDC benzene-1,4-
dicarboxylic acid

long-sheet - 50 [15]

4 Co-BDC 
(MOF-71)

benzene-1,4-
dicarboxylic acid

shale-shaped 
microcrystals

- 21 [16]

5 ZIF-L 2-methylimidazole leaf-like - 67 [17]
6 Mn-BDC 1,4-

benzenedicarboxylic 
acid

laminar 5 5 [18]

MIL-88A 400-
600

15

Ni-MIL-88A 
Ni/Fe(1:3)

400-
600

37

7

Ni-MIL-88A 
Ni/Fe(3:1)

fumaric acid hexagonal 
nanorod

400-
600

56

[1]

MIL-53(Fe) sheet  - 29 
MIL-53(Fe)-3H spindle 2000 40 
MIL-53(Fe)-5H hexagonal 

spindle 
3000 35 

8

MIL-53(Fe)-
10H

benzene-1,4-
dicarboxylic acid

short columns 5000 30

[19]

9 aMIL‐88B
a(amorphous)

terephthalic acid and 
2‐methylimidazole

spindle 90 60 [20]

*particles size base on width  
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