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Synthesis of MOF-74

MOF-74-Co-227 nm: The preparation process was consistent with MOF-74-Co-

78 nm except that no acetic acid was added to the precursor.

MOF-74-Co-1.86 μm: The preparation process was consistent with MOF-74-Co-

227 nm except that the reaction temperature is 70℃.

MOF-74-Zn: Zn(OAc)2 (2.0 g, 10.8 mmol) were dissolved in 30 mL deionized 

water to obtain the metal salt precursor solution, dhtp (1.07 g, 5.4 mmol) and NaOH 

(0.86 g, 21.6 mmol) were dissolved in 200 mL of deionized water to obtain the ligand 

precursor solution. The molar ratio of the reactants (Zn/dhtp/NaOH) is 2:1:4. Two 

streams of precursor solutions were pumped into RPB through peristaltic pumps at a 

flow rate of 100 mL min-1, respectively. Precursors are well mixed in RPB under the 

rotating speeds of 1500 rpm to achieve rapid nucleation and crystallization processes at 

room temperature. The product is collected immediately at the outlet. MOF-74-Zn was 

centrifuged out of the suspension, washed three times in deionized water and methanol 

respectively, and then dried for 12 h at 70℃.

MOF-74-Ni: Ni(OAc)2·4H2O (2.68 g, 10.8 mmol) were dissolved in 30 mL 

deionized water to obtain the metal salt precursor solution, dhtp (1.07 g, 5.4 mmol) and 

NaOH (0.86 g, 21.6 mmol) were dissolved in 200 mL of deionized water to obtain the 

ligand precursor solution. The molar ratio of the reactants (Ni/dhtp/NaOH) is 2:1:4. The 

following process is consistent with the MOF-74-Co preparation process.
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Figure S1. XRD patterns and N2 adsorption-desorption isotherms of MOF-74-Co prepared in RPB 

under different reaction times.

Figure S2. TEM images of MOF-74-Co (a) prepared by continuous stirring in STR for 30 min, (b) 

prepared by stirring in STR for 10 s then left to stand for 30 min.
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Figure S3. Particle size distributions of MOF-74-Co synthesized in RPB: (a) 500 rpm, (b) 1500 

rpm, (c) 2500 rpm.
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Figure S4. FTIR spectra of MOF-74-Co prepared at different rotating speeds. 
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Figure S5. SEM images of the MOF-74-Co synthesized at different concentrations of precursors 

(molar ratio of Co/dhtp/NaOH = 2/1/4): (a) C(Co) =45 mM, (b) C(Co) =90 mM, (c) C(Co) =180 mM. 

(d) The average particle sizes, (e) XRD patterns, (f) N2 adsorption-desorption isotherms of the 

MOF-74-Co synthesized at different concentrations of precursors. 
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Figure S6. The SEM images of MOF-74-Co synthesized at different temperatures: (a) 25℃, (b) 

50℃, (c) 70℃. (d) The average particle sizes (length), (e) XRD patterns, (f) N2 adsorption-

desorption isotherms of the MOF-74-Co synthesized at different temperatures.
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Figure S7. SEM images of MOF-74-Co synthesized under different additions of acetic acid in STR: 

(a) Without acetic acid, (b) 0.23 equiv acetic acid, (c) 0.46 equiv acetic acid. 
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Figure S8. XRD patterns of MOF-74-Co synthesized under different additions of acetic acid: (a) 

RPB, (b) STR. 
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Figure S9. XPS spectra of MOF-74-Co-without HOAc and MOF-74-Co-0.46 eq.
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Figure S10. TG curves of MOF-74-Co-0.46eq HOAc and MOF-74-Co-without HOAc in an air 

atmosphere.
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Figure S11. N2 adsorption-desorption isotherms at 77 K of MOF-74-Co obtained at excessive 

additions of acetic acid: (a) 0.92 equiv acetic acid, (b) 1.15 equiv acetic acid, (c) 1.38 equiv acetic 

acid.
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Table S1. Comparison of reaction conditions, particle sizes and BET surface areas of reported 

MOF-74-Co.

Samples Solvent
Reaction

time
Reaction

temperature
Particle 

sizes
BET 

(m2 g-1)
Refs

MOF-
74-Co

Water 30 min RT 78 nm 1599
This 
work

a1 Water 24 h RT 50±5 nm 1572 1

a2 Water 1 h RT 962 1

b Water 20 h RT 5.1 nm 521 2

c DMF/ethanol/H2O 24 h 125℃ 1080 3

d DMF/ethanol/H2O 24 h 100℃ ＞50 μm 1007 4

e1 DMF/ethanol/H2O 1 h 130℃
50 μm × 

8 μm
1314 5

e2 DMF/ethanol/H2O 24 h 100℃
300 μm 
×70 μm

1327 5

f water /THF 3 day 110℃ - 1284 6

g DMF/ethanol/H2O 18 h 125℃ - 1438 7

h methanol 20 h RT - 925 8

i DMF/ethanol/H2O 24 h 100℃ - 502 9
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Table S2. Comparison of synthesis condition, BET surface areas, STY and yield of MOFs using 

green synthesis methods.

Methods MOFs Solvent
Temperatur

e
(℃)

Time
(h)

BET
(m2 g-1)

STY
(kg m-3 
day-1)

Yiel
d

(%)
Refs

MOF-74-
Co-0 min

0.033b 836 4156 81
This
workHigh-

gravity MOF-74-
Co-78nm

water RTa

0.53b 1599 293 91
This
work

1 962 1462 90MOF-74-
Co

water RT
24 1572 16 93

1

ZIF-93 water RT 18 604 14 79 10
12 1577 64 90

HKUST-1 water RT
0.5 930 2366 94

11

Stirred
tank 

reactor

MIL-100 water RT 24 1974 - 76 12
MOF-74-

Ni
water 160 1 1355 680 92 13

Stirred 
Reflux MIL-

160(Al)
water 100-150 24 1150 185 93 14

Centrifuge UiO-66 water RT 0.167 339 2732 79 15
Microwave MOF-808 water 100 2 2050 - - 16

MIL-
100(Al)

Solvent-
Free

240 18 1090 - 89 17

UiO-66
Solvent-

Free
130 12 1115 - 92 18

Cd2(BTC)3
Solvent-

Free
RT 0.167 64 1.44×106 82.5 19

MIL-100-
Cr

Solvent-
Free

220 15 1848 - 22 20

Mechano-
synthesis

MOF-808
Solvent-

Free
RT 1 702 15 g/h - 21

aRT: Room temperature
b time = feed time + synthesis time
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Table S3. Comparison of reaction conditions, particle sizes and BET surface areas of reported 

MOF-74-Zn.

MOFs Solvent
Reaction 

time
Reaction

temperature
Particle 

sizes
BET 

(m2 g-1)
Refs

Water <1 s RT
2.6×4.5 

μm 
1332

This 
work

Water 5 min RT 1154 1

Water 10 min RT
5.1×1.6 

μm 
1279 1

DMF/H
2
O 20 h 100℃ 816 3

Water 20 h RT 3×1 μm 1039 22

MOF-
74-Zn

Tris buffer
solution (pH 

8.0)
10 min RT

8 × 2 × 1 
μm

174 23

Table S4. Comparison of reaction conditions, particle sizes and BET surface areas of reported 

MOF-74-Ni.

MOFs Solvent
Reaction 

time

Reaction
temperatur

e

Particle 
sizes

BET 
(m2 g-1)

Refs

Water 30 min RT 16 nm 1106
This 
work

Water 6 h RT 29 nm 1220 1

Water 24 h RT - 1351 1

Water 20 h RT 2.8 nm 402 2

DMF/ethanol/H2O 24 h 100℃ - 1070 3

Water 24 h 110℃ 106 nm 1025 24

H2O/THF 24 h 67℃ 33 nm 1081 24

Water 1 h 80℃ 1 μm 1233 13

MOF-
74-Ni

DMF/ethanol/H2O 24 h 135℃ - 848 25
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Table S5. Comparison of CO2 adsorption capacity of different adsorbents. 

Types of 
absorbents

Sample
CO2 adsorption 
capacity (mg g-1)

Adsorption
conditions

Refs

MOF-74-Co-78 nm 298 25℃,100 kpa
This 
work

MOF-74-Co- 227 nm 245 25℃,100 kpa
This 
work

MOF-74-Co- 1.86 μm 261 25℃,100 kpa
This 
work

MOF-74-Co 256 25℃,100 kpa 3

MOF-74-Co 288 25℃,100 kpa 5

MOF-74-Co 210 25℃,100 kpa 5

MOF-74-Co 304 25℃,100 kpa 6

MOF-74-Co 304 25℃,100 kpa 7

MOF-74-Co 107 45℃,100 kpa 26

CALF-20 179 20℃,1.2 bar 27

Aluminum Fumarate 55 35℃, 1 bar 28

ZIF-8 66 25℃,100 kpa 29

MIL-101(Cr) 101 25℃,100 kpa 30

MIL-53(Al) 95 25℃,100 kpa 31

UiO-66(Zr) 109 25℃,100 kpa 32

MOF

NH2-MIL-101(Al) 96 25℃,100 kpa 33

K-X 182 25℃,100 kpa 34

Mg-X 211 25℃,100 kpa 34

Ca-X 241 25℃,100 kpa 34

Na-MER-2.3 176 25℃,100 kpa 35

Rb-gismondine 132 25℃,100 kpa 36

zeolite-13X 150 25℃,100 kpa 37

Zeolites

FAU zeolite 107 25℃,100 kpa 38

Carbonaceous Activated Carbon 79 25℃,100 kpa 39
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Activated Carbon 
fibers

251 25℃,100 kpa 40

N-doped Carbon 
nanostructure (CPC)

255 25℃,100 kpa 41

PANI−GO 58 25℃,100 kpa 42

materials

PANI−NSGO 56 25℃,100 kpa 42

BINP-4 13 25℃,100 kpa 43

hyper-cross-linked 
ionic polymers

121 0℃,100 kpa 44

ADS-17 264 25℃,0.2 Mpa 45

PIM-TPB-HSO3 179 25℃,100 kpa 46

Ad-MALP-1 89 25℃,100 kpa 47

Polymers

TPPA–DMB 76 25℃,100 kpa 48
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