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General procedures

Gas adsorption isotherms

Prior to gas adsorption testing, UiO-66 and its derivatives were soaked in MeOH 

for solvent exchange for three days to remove the high-boiling solvent. Then, these 

samples were soaked in CH2Cl2 for another three days. Subsequently, approximately 

100-150 mg of sample was activated at 100 °C for 24 h under dynamic vacuum (≤ 10 

μm Hg). Adsorption and desorption experiments of H2, D2 and N2 were performed using 

a Micromeritics ASAP 2020 PLUS instrument equipped with commercial software for 

data calculation and analysis at different temperatures. The test temperatures were 

controlled by soaking sample cell into liquid nitrogen bath (77 K) or liquid argon bath 

(87 K). 

The isosteric enthalpy of adsorption is calculated from single-component gas 

equilibrium adsorption isotherms at different temperatures according to the Virial 

Method:

ln (𝑃) = ln (𝑁) + (1𝑇)
𝑚

∑
𝑖= 0

𝑎𝑖 × 𝑁𝑖+
𝑛

∑
𝑗= 0

𝑏𝑗 × 𝑁𝑗

where,  is the pressure in mmHg,  is the amount adsorbed in mg/g,  is the 𝑃 𝑁 𝑇

temperature in K,  and  represents virial coefficients, and  and  specify the 𝑎𝑖 𝑏𝑗 𝑚 𝑛

number of coefficients needed for a precise description of the isotherms. The values of 

the virial coefficients  to  were further used to determine the isosteric enthalpy of 𝑎0 𝑎𝑚

adsorption according to the following equation:
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𝑄𝑠𝑡=‒ 𝑅 ×
𝑚

∑
𝑖= 0

𝑎𝑖 × 𝑁𝑖

where  is the coverage-dependent isosteric enthalpy of adsorption in kJ/mol and  𝑄𝑠𝑡 𝑅

is universal gas constant with the value of 8.314 J mol-1 K-1.

Breakthrough Measurements

The complete breakthrough of D2 was determined using downstream gas 

composition reaching that of feed gas. Based on the mass balance, the gas adsorption 

capacities can be attained from the following equation:

𝑞𝑖=
𝐶𝑖𝑉

22.4
×

𝑡

∫
0
(1 ‒ 𝐹

𝐹0)𝑑𝑡
Where  refers to the equilibrium adsorption capacity of gas  (mmol g-1),  represents 𝑞𝑖 𝑖 𝐶𝑖

the feed gas concentration,  refers to the volumetric feed flow rate (cm3 min-1),  𝑉 𝑡

represents the adsorption time (min),  and , respectively, refer to the inlet and outlet 𝐹0 𝐹

gas molar flow rates, and  represents adsorbent mass of (g). The separation factor ( ) 𝑚 𝛼

of breakthrough experiment can be calculated as follows:

𝛼=
𝑞𝐴𝑦𝐵
𝑞𝐵𝑦𝐴

In which  is molar fraction of gas  ( ) in gas mixture.𝑦𝑖 𝑖 𝑖= 𝐴,𝐵



Fig. S1 IR spectra of UiO-66 and its derivatives.

Fig. S2 Pore size distributions for UiO-66 and its derivatives by using DFT method.



 Table S1 Surface area, hydrogen isotopes uptake and micropore volume for UiO-66 
and its derivatives

UiO-66 UiO-66-NH2 UiO-66-NO2 UiO-66-CH3 UiO-66-Ph
BET (m2/g) 1257 1017 974 909 890

77 K H2 (mol/mol) 62.8 63.0 59.0 60.1 53.5
77 K D2 (mol/mol) 69.2 68.4 64.2 67.5 57.9
87 K H2 (mol/mol) 44.8 50.3 44.6 48.9 42.2
87 K D2 (mol/mol) 48.6 53.9 49.0 51.1 45.6
Micropore volume 

(cm3/g)
0.483 0.388 0.435 0.360 0.325

Fig. S3 Qst values of D2 for UiO-66 and its derivatives.



Fig. S4 Qst values of H2 for UiO-66 and its derivatives.

Fig. S5 (a)Virial equation fitting of D2 adsorption isotherm of UiO-66 at 77 K and 87 
K. (b)Relevant fitting parameters for D2.



Fig. S6 (a)Virial equation fitting of H2 adsorption isotherm of UiO-66 at 77 K and 87 
K. (b)Relevant fitting parameters for H2.

Fig. S7 (a)Virial equation fitting of D2 adsorption isotherm of UiO-66-NO2 at 77 K 
and 87 K. (b)Relevant fitting parameters for D2.

Fig. S8 (a)Virial equation fitting of H2 adsorption isotherm of UiO-66-NO2 at 77 K 
and 87 K. (b)Relevant fitting parameters for H2.



Fig. S9 (a)Virial equation fitting of D2 adsorption isotherm of UiO-66-NH2 at 77 K 
and 87 K. (b)Relevant fitting parameters for D2.

Fig. S10 (a)Virial equation fitting of H2 adsorption isotherm of UiO-66-NH2 at 77 K 
and 87 K. (b)Relevant fitting parameters for H2.

Fig. S11 (a)Virial equation fitting of D2 adsorption isotherm of UiO-66-CH3 at 77 K 
and 87 K. (b)Relevant fitting parameters for D2.



Fig. S12 (a)Virial equation fitting of H2 adsorption isotherm of UiO-66-CH3 at 77 K 
and 87 K. (b)Relevant fitting parameters for H2.

Fig. S13 (a)Virial equation fitting of D2 adsorption isotherm of UiO-66-Ph at 77 K 
and 87 K. (b)Relevant fitting parameters for D2.

Fig. S14 (a)Virial equation fitting of H2 adsorption isotherm of UiO-66-Ph at 77 K 
and 87 K. (b)Relevant fitting parameters for H2.



Table S2 Summary of experimentally measured hydrogen isotope separation 
performance on various porous materials

Compound Texp 
(K)

Pexp 
(kPa)

selectivity Qst-H2

(kJ/mol)
Qst-D2

(kJ/mol)
Measurement 

methods
Ref.

UiO-66-H 1.31 8.21 8.69

UiO-66-NO2 1.35 8.80 8.91

UiO-66-NH2 1.38 8.72 9.25

UiO-66-CH3 1.32 8.46 8.98

UiO-66-Ph

77 100

1.34 7.91 8.30

Breakthrough This work

MOF-74-ac 25 7

40 12

60 16

77

1

9

MOF-74-IM-10 25 6

40 9

60 20

77 26

TDS 1

FMOF-Cu 25 1 14 TDS 2
MFU-4l 50 1 1.7 TDS 3

Cu(Ⅰ)-MFU-4l 100 1 11 32.7 35.0 TDS 4
CPO-27-Co 60 3 12 12.5 14.5 TDS 5
Ni2Cl2BBTA 77 1 4.5 6.0 6.7 TDS 6

MOF-303 25 100 21.6 TDS 7
Cu(Ⅰ)Cu(Ⅱ)-BTC 30 1 37.9 2.28 5.13 TDS 8

Ni2(dobdc) 4.5 11.8 13.8

Ni2(dobpdc) 4.8 11 12.9

Ni2(olz) 5.6 11.8 12.9

Ni2(dotpdc)

77 100

4.6 11.1 12.6

Breakthrough 9

UTSC-700 30 1 7.3 3.5 4 TDS 10
FJI-Y9 1.3 6.0 6.2

FIR-29

77 100

1.2 5.8 6.1

11

FJI-Y11 77 100 1.76 7.13 7.88 Breakthrough 12
Co(pyz)[Pd(CN)4] 25 1 21.7 7.28 7.76 TDS 13

Cu-BDC-NH2 77 100 1.6 7.03 7.14 14



Fig. S15 Experimental breakthrough curves of UiO-66 for the mixed gases of 
D2/H2/Ne (3/3/94, v/v) at 77 K and 1 bar.

Fig. S16 Experimental breakthrough curves of UiO-66-NO2 for the mixed gases of 
D2/H2/Ne (3/3/94, v/v) at 77 K and 1 bar.



Fig. S17 Experimental breakthrough curves of UiO-66-CH3 for the mixed gases of 
D2/H2/Ne (3/3/94, v/v) at 77 K and 1 bar.

Fig. S18 Experimental breakthrough curves of UiO-66-Ph for the mixed gases of 
D2/H2/Ne (3/3/94, v/v) at 77 K and 1 bar.



Fig. S19 Three consecutive breakthrough cycles of UiO-66-NH2 at 77 K.
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