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Scheme S1. Synthesis procedure for HOF-FJU-8a. 

 

 

Figure S1. Stacking diagram of HOF-FJU-8a with different crystal axial directions: (a) a axis; 

(b) b axis; (c) c axis. Indicating the 1D open channels along b axis.  

 

 

Figure S2. The powder X-ray diffraction patterns of HOF-FJU-8a for the simulated and as 

synthesized. 
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Figure S3. FTIR spectra of HOF-FJU-8a. The peak at 3405 cm-1 corresponds to the N-H bond 

stretching vibration in the dipyrrole moiety, the peak at 1450 cm-1 is attributed to the C-N bond 

stretching vibration in the dipyrrole. The presence of a cyano group is confirmed by the peak at 

2225 cm-1. Peaks at 1602 and 1505 cm-1 are indicative of C=C bonds. Bending vibrations of C-

H bonds from aromatic rings are observed at 1374 and 841 cm-1. This analysis underscores the 

chemical structural characteristics of HOF-FJU-8a are consistence with its monomer, DP-4CN. 

 

 

Figure S4. 1H-NMR spectra of HOF-FJU-8a in DMSO-d6. The result indicates that the 

chemical structure of HOF-FJU-8a is consistent with its monomer molecular DP-4CN.  

 



S5 

 

 

Figure S5. The TGA curve of HOF-FJU-8a under N2 atmosphere.  

 

 

Figure S6. (a) N2 adsorption isotherm of HOF-FJU-8a at 77 K. (b) The pore size distribution of 

HOF-FJU-8a derived from N2 adsorption isotherm at 77 K and CO2 adsorption isotherm at 273 

K.  
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The isosteric enthalpies of adsorption (Qst) calculation 

The isosteric enthalpy of adsorption for Xe and Kr were calculated using the data collected 

at 273 K and 296 K. The data were fitted first using a virial-type expression composed of 

parameters ai and bi (eq 1). Then, the Qst (kJ mol-1) was calculated from the fitting parameters 

using eq 2, where p is the pressure (mmHg), T is the temperature (K), R is the universal gas 

constant (8.314 J·mol-1·K-1), N is the amount adsorbed (mg g-1), and m and n determine the 

number of terms required to adequately describe the isotherm. 
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Figure S7. Experimental data (sphere) and fitting curve (solid line) of Xe adsorption isotherms 

of HOF-FJU-8a at 273 and 296 K, based on the virial-type expression. 
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Figure S8. Experimental data (sphere) and fitting curve (solid line) of Kr adsorption isotherms 

of HOF-FJU-8a at 273 and 296 K, based on the virial-type expression. 

 

 

Figure S9. Comparison of the Qst (Xe) and ∆Qst of HOF-FJU-8a with some representative 

porous materials.  
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Prediction of the gas adsorption selectivity by IAST 

Fitting details: the adsorption data for Xe and Kr in HOF-FJU-8a at 273 and 296 K were 

fitted with single-site Langmuir-Freundlich equation. 

 N = Nmax × N
bp1/n

1+bp1/n
      (3) 

where p is the pressure of the bulk gas in equilibrium with the adsorbed phase (kPa), N is 

the amount adsorbed per mass of adsorbent (mmol g-1), Nmax is the saturation capacities of site 

1 (mmol g-1), b is the affinity coefficients of site 1 (1/kPa) and n represents the deviations from 

an ideal homogeneous surface.  

IAST calculation1: The adsorption selectivity based on IAST for Xe/Kr mixed is defined 

by the following equation: 

 SA/B = 
q

A
y

B

q
B

y
A

    (4) 

where qi and yi are the mole fractions of component i (i = A, B) in the adsorbed and bulk 

phases, respectively. 

 

 

Figure S10. Single-site Langmuir-Freundlich equations fit for adsorption of Xe on HOF-FJU-

8a at 296 K. 
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Figure S11. Single-site Langmuir-Freundlich equations fit for adsorption of Kr on HOF-FJU-

8a at 296 K. 

 

   
Figure S12. Comparison of the Xe uptake and IAST selectivity of HOF-FJU-8a with some 

representative porous materials.  
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Figure S13. Henry coefficient fitting of Xe (a) and Kr (b) adsorption isotherms of HOF-FJU-

8a at 296 K. Henry's constant is a useful measure of the adsorbent affinity for adsorbates since 

it represents the partition of the adsorbate between its bulk phase and adsorbed phase at very 

low pressures.  

Henryʹs Constant of HOF-FJU-8a (296 K) = HXe ÷ HKr = 12.22288 ÷ 1.12091 = 10.9 

 

 

Figure S14. Schematic illustration of the apparatus for the breakthrough experiments. 
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Figure S15. The calculation for the captured amount of Kr and Xe during the breakthrough 

process in HOF-FJU-8a. 

The dynamic uptake capacities of Xe (qXe) and Kr (qkr) were calculated as:  

qXe = v × yXe × SXe ÷ 22.4 = 2 × 0.2 × 57 ÷ 22.4 = 1.02 mmol/g; 

qkr = v × yKr × SKr ÷ 22.4 = 2 × 0.8 × (11.7-5.66) ÷ 22.4 = 0.48 mmol/g; 

The separation factor (α) was calculated as: 

αXe/Kr = (qXe/qkr) ÷ (yXe/ykr) = (1.02/0.48) ÷ (0.2/0.8) = 8.50 

 

 

Figure S16. Experimental column breakthrough curves for the mixture of Xe/Kr (20/80) with 

HOF-FJU-8a at 296 K at a total flow of 2.0 mL/min. 

The dynamic breakthrough productivity of Kr (QKr) was calculated as:  

QKr = ∆t × v = 36 × 2 = 72 L/kg 
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The separation factor and productivity of HOF-BTB2, HIAM-1033 and other kinds of 

adsorbents were calculated according to the data from corresponding references. Due to the 

unknown mass quality of the HOF-BTB sample used for breakthrough2, we temporarily set it 

to be 1 g.  

 

 

Figure S17. The dynamic uptake capacities of Xe (qXe) and Kr (qkr) of HOF-FJU-8a in multiple 

breakthrough experiments. 

 

 

Figure S18. PXRD pattern of HOF-FJU-8a after breakthrough test. 

 



S13 

 

 

Figure S19. FTIR spectra of HOF-FJU-8a before and after dynamic breakthrough tests. 

 

 

Figure S20. Comparison of the separation factor and Kr productivity of HOF-FJU-8a with other 

reported absorbents. 1-Zn: metal-organic polyhedral; Z11CB-800: activated carbon; CMP-PY-

TBT: porous organic polymers. 
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Figure S21. Density distribution of Xe (a) and Kr (b) in HOF-FJU-8a based on GCMC 

simulation. 

 

 

Figure S22. Hirshfeld surfaces analysis for the Xe-loaded HOF-FJU-8a. 

 

 

Figure S23. Hirshfeld surface analysis for the Kr-loaded HOF-FJU-8a. 
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 Table S1. Crystal data and structure refinement. 

Compounds HOF-FJU-8a HOF-FJU-8aXe HOF-FJU-8a  Kr 

CCDC 2286715 2286716 2286717 

Empirical formula C34H18N6 C34H18N6Xe C34H18N6Kr0.56 

Formula weight 510.54 641.84 557.05 

Temperature/K 149.98(10) 149.99(10) 149.99(10) 

Crystal system triclinic triclinic triclinic 

Space group P-1 P-1 P-1 

a/Å 10.9911(4) 10.9650(3) 10.9710(3) 

b/Å 11.2098(4) 11.2030(3) 11.2013(3) 

c/Å 13.1761(4) 13.1310(4) 13.1674(4) 

α/° 105.237(3) 105.413(3) 105.253(3) 

β/° 98.688(3) 98.431(3) 98.699(3) 

γ/° 102.161(3) 102.074(2) 102.044(3) 

Volume/Å3 1494.07(9) 1485.22(8) 1489.89(8) 

Z 2 2 2 

ρcalcg/cm3 1.135 1.435 1.242 

μ/mm-1 0.550 9.333 1.535 

F(000) 528.0 636.0 568.0 

Crystal size/mm3 0.28 × 0.06 × 0.03 0.28 × 0.06 × 0.03 0.28 × 0.06 × 0.03 

Radiation Cu Kα (λ = 1.54184) Cu Kα (λ = 1.54184) Cu Kα (λ = 1.54184) 

Goodness-of-fit on F2 1.056 1.071 1.086 

Final R indexes [I>=2σ (I)] 
R1 = 0.0731,  

wR2 = 0.2183 

R1 = 0.1302,  

wR2 = 0.3388 

R1 = 0.0814,  

wR2 = 0.2420 

Final R indexes [all data] 
R1 = 0.0890,  

wR2 = 0.2338 

R1 = 0.1474,  

wR2 = 0.3507 

R1 = 0.0967,  

wR2 = 0.2573 

Largest diff. peak/hole / e Å-3 0.67/-0.36 1.59/-1.46 0.83/-0.50 
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Table S2. Comparison of Xe capture properties in this work with some reported materials. 

Compounds 

name 

Surface 

areaa 

(m2 g−1) 

Uptake (mmol g−1) 

(RT and 1 bar) 

IASTb 

Selectivity 

Qst (kJ mol−1) ∆Q 

(kJ mol−1) 

Material 

type 

Ref 

Xe Kr Xe Kr 

ZJU-74a-Ni 694 3.29 1.39 74.1 41.7 21.8 19.9 MOF 4 

Co3(OH)2(C4O4)2 95 1.35 0.79 69.7 43.6 35.9 7.7 MOF 5 

Ni(4-

DPDS)2CrO4 

317 1.61 1.0 23.7 28.5 15.4 13.1 MOF 6 

MOF-Cu-H 868 3.19 1.61 16.7 33.4 25.5 7.9 MOF 7 

ATC-Cu 600 5.0 2.7 13.9 NA NA NA MOF 8 

NU-1107-Ag(I) 1260 2.6d 0.83d 13.4 34.6 23.4 11.2 MOF 9 

LPC-MOF 148 1.3 0.5 12.5c 28 22 6 MOF 10 

Ag-MOF-303 716 3.35 1.12 10.4 28.2 18 10.2 MOF 11 

Zn(ox)0.5(trz) 546 2.72 1.29 10.2 29.0 14.0 15 MOF 12 

FJU-55 377 1.41 0.62 10 39.4 14.4 25 MOF 13 

NU-200 1260 4.9 1.28 9.3 28 20.6 7.4 MOF 14 

NU-1801 1070 2.79 0.69 8.9 24.9 19.7 5.2 MOF 15 

MOF-801 677 1.9 0.65 8.3 25.3 18.1 7.2 MOF 16 

NKMOF-1-Ni 382 2.16 1.20 5.2 34.2 33.1 1.1 MOF 17 

NU-403 NA 1.70 0.74 2.84 22.0 NA NA MOF 18 

HOF-ZJU-201a 423 3.01 1.58 21.0 21.9 20.2 1.7 SMOF 19 

SMOF-PFSIX-1a 389 2.29 1.08 6.9 38.4 10.5 27.9 SMOF 20 

1-Zn 704 2.16 1.08 9.2 27 22 5 MOP 21 

Z11CB-800 692 3.96 1.67 11.9 33.3 22.0 11.3 AC 22 

IISERP-POF8 813 1.72 0.54 6.3 26 19 7 POP 23 

PAF-45S 455 1.85 0.54 16.7c 31.0 19.3 11.7 POP 24 

CMP-PY-TBTP 488 1.69 0.45d 11.9 28d 23d 5 POP 25 

COP-4 2015 1.22 0.43 4.5 24.3 18.4 5.9 COF 26 

ATFG-COF 244 1.72 0.54 6.3 25 16 9 COF 27 
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TFP-TAPA-Bu 487 3.82 1.27 9.7 d NA NA NA COF 28 

Noria-BOC NA 0.75 0.41 3.8 NA NA NA POC 29 

Noria NA 1.55 0.64 9.4 26.9 21.4 5.5 POC 30 

CC3 624 2.4 0.95 12.5 31.3 23.1 8.2 POC 31 

HOF-BTB 955 2.01 0.416 6.1 18.7 14.3 4.4 HOF 2 

HOF-40 234 1.56 0.44 11.2 32.8 24.4 8.4 HOF 32 

HIAM-103 579 1.39 0.50 8.3 24.5 9.7 14.8 HOF 3 

HOF-FJU-8a 375 1.81 0.77 12.1 30.6 15.6 15 HOF 

This 

work 

aBET Surface area; bFrom IAST calculation (Xe/Kr 20/80) at RT and 100 kPa; cFrom Henry’s 

constant; dread from the figure from corresponding reference. 

NA = Not available; MOF = Metal-organic framework; SMOF = Supramolecular MOFs; MOP 

= Metal-organic polyhedral; AC = Active carbon; POP = Porous organic polymer; COF = 

Covalent organic framework; POC = Porous organic cage; HOF = Hydrogen-bonded organic 

framework. 
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