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Figure S1: Zeta potential as a function of pH for pure GO and pure MIL-101(Cr). 

 

 

 

Figure S.2: X-ray diffraction patterns (Cu Kα, 1.5406 Å) of the commercial GO used in this study; b) XRD 
comparison of GO and rGO reported in Ref. [1]. 



 
Figure S3: DTG of: a) MIL-101(Cr) synthesized by microwave-assisted method; b) M101-GO IN-SITU (hybrid 

containing 5 wt.% GO synthesized by in-situ method); c) M101-GO POST (hybrid containing 5 wt.% GO 
synthesized by post hybridization); d) M101-GO RAM (hybrid containing 5 wt.% GO synthesized by 
RAM); e) Comparison of all samples. 

 

 

 

Figure S4: Optical microscopy images: a) M101-GO IN-SITU; b) M101-GO POST; and e) M101-GO RAM. 

 



 
Figure S5: a) SEM image of M101-GO POST, with its corresponding b) chromium and c) carbon elemental maps; 

and d) SEM image of M101-GO RAM , with its corresponding e) chromium and f) carbon elemental maps. 

 
Figure S6: Comparative of BET areas obtained from either N2 or Ar isotherms. 



 
Figure S7: H2 adsorption (full symbols)-desorption (empty symbols) isotherms at 77 K of pure MIL-101(Cr) and 

hybrids. 

 



Table S1: Textural properties of pure HKUST-1 and hybrid materials prepared in this study. 

Method Parameter MIL-101(Cr) M101-GO POST M101-GO RAM M101-GO IN SITU 

BET at 77K 
ABET N2      (m2 g-1) 2370 1670 1940 1515 

ABET Ar      (m2 g-1) 2010 1475 1800 1265 

VT at p/p°=0.97 

VT N2 

(cm3 g-1) 
2.44 1.28 2.03 0.85 

VT AR 

(cm3 g-1) 
2.12 1.14 1.98 0.75 

2D-NLDFT  
N2 and H2 at 77 K 

S2D-NLDFT 

(m2 g-1) 
1465 1180 1280 1158 

VT2D-NLDFT 

(cm3 g-1) 
2.23 1.20 1.91 0.79 

Vmeso 
(cm3 g-1) 

1.54 0.65 1.34 0.29 

Vmicro 
(cm3 g-1) 

0.69 0.55 0.57 0.50 

Vsm 
(cm3 g-1) 

0.69 0.50 0.53 0.35 

Vµm 
(cm3 g-1) 

0.00 0.05 0.04 0.15 

Density 

ρtap  
(kg m-3) 

259 290 295 426 

ρskel  
(kg m-3) 

2450 1892 1876 1794 

The surface area, ABET, was determined using the BET equation applied to the adsorption isotherms of nitrogen and argon. Total pore volumes, VTN2 and VTAr, were 
calculated from N2 and Ar isotherms at p/p°=0.97. The 2D-NLDFT-HS model was applied to N2 and H2 adsorption data at 77 K. 

 



Table S2: Excess H2 uptake (wt.%), total H2 uptake (wt.%), total H2 uptake (kg m-3) and release capacity (kg m-3) for the pure MOF and hybrid materials. 

Quantity Conditions MIL-101(Cr) M101-GO POST M101-GO RAM M101-GO IN SITU 

nexc (wt.%) 

77K; 40 bars  3.8 ± 0.1 3.0 ± 0.1 3.2 ± 0.1 2.9 ± 0.1 

160K; 100 bars 2.5 ± 0.1 2.6 ± 0.1  2.7 ± 0.1 1.7 ± 0.1 

273K; 100 bars 0.6 ± 0.2 0.6 ± 0.0 0.7 ± 0.0 0.5 ± 0.0 

nv
tot 

(kg m-3) 

77K; 100 bars 33.8 ± 1.0 33.6 ± 1.0 33.5 ± 1.0 36.0 ± 1.1 

77K; 5 bars 7.1 ± 0.2 7.0 ± 0.4 7.8 ± 0.2 9.4 ± 0.3 

160K; 5 bars 1.3± 0.0 1.1 ± 0.0 1.4 ± 0.04 1.5 ± 0.0 

Release capacity 
(kg m-3) 

R77K→77K  26.7 ± 0.8 26.7 ± 0.8 25.7 ± 0.8 26.6 ± 0.8 

R77K→160K  32.5 ± 1.0 34.1 ± 1.2 32.1 ± 1.0 34.5 ± 1.0 



 
Figure S8: Chahine’s rule (black, dashed line) of pure MIL-101(Cr) and hybrids as a function of their BET area 

calculated from argon adsorption data, ABET.AR. 

 

Figure S9: ntot at 77 K (wt.%) of hybrids and pure MOF. 



Table S3: Total H2 stored (kg m-3), release 77K→160K capacity and release 77K→77K capacity. 

Sample 
Total stored Release 77K→160K Release 77K→77K 

(kg m-3) (kg m-3) 
% 

Release 
(kg m-3) 

% 
Release 

Empty tank 31.0 30.4 98 29.5 95 

MIL-101(Cr) 33.8 ± 1.0 32.5 ± 1.0 96 26.7 ± 0.8 79 

M101-GO POST 33.6 ± 1.0 34.1 ± 1.0 95 26.7 ± 0.8 79 

M101-GO RAM 33.5 ± 1.0 32.1 ± 1.0 96 25.7 ± 0.8 77 

M101-GO IN-SITU 36.0 ± 1.1 34.5 ± 1.0 96 26.6 ± 0.8 74 
 

Table S 4:  Excess hydrogen storage in gravimetric capacities (nexc, wt.%) of selected MOFs reported in the 
literature under similar conditions (77 K, 20-60 bar). 

Sample Temperature 
(K) 

Pression 
(Bar) 

ABET 
(m2 g-1) 

Excess H2 
uptake (wt.%) 

Ref. 

HKUST-1 77 42 1116 2.80 [2] 

HKUST-1@GO 77 42 734 3.60 [2] 

MIL-101(Cr) 77 60 2887 2.90 [3] 

MIL-101(Cr)  
   @SWCNT 

77 60 2998 4.40 [3] 

MIL-101  77 100 3223 3.90 [4] 

MIL101@AC 77 51 3542 4.40 [4] 

IRMOF-2 77 25 1700 2.50 [5] 

MFU-4l 77 20 1670 2.50 [6] 

MIL-100(Al) 77 40 1200 3.10 [7] 

MIL-100(Al)@Pd 77 40 380 1.30 [7] 

MIL-101(Cr) 77 100 3542 6.00 [8] 

MIL-101(Cr) 77 60 2887 2.90 [8] 

MIL-101(Cr)@AC 77 60 2998 4.40 [8] 

MOF-5 77 10-20 1758 1.20 [9] 

MOF-5@CNT-Pt 77 10-20 1692 1.89 [9] 

HKUST-1 77 10-20 1587 2.41 [10] 

HKUST-1@Li 77 10-20 795 3.50 [10] 

MIL-101(Cr) 77 10-20 2537 2.37 [10] 

MIL-101(Cr)@Li 77 10-20 1840 3.39 [10] 

HKUST-1 77 10-20 1456 2.49 [11] 

HKUST-1@Pd 77 10-20 1033 3.68 [11] 



Sample Temperature 
(K) 

Pression 
(Bar) 

ABET 
(m2 g-1) 

Excess H2 uptake 
(wt.%) 

Ref. 

MOF-5 77 10-20 921 1.46 [12] 

MOF-5@Ni 77 10-20 802 1.53 [12] 

MSC30 77 25 3305 5.6 [13] 

MSP20X 77 25 2363 4.6 [13] 

SA1500 77 25 2204 4.25 [13] 

SA20 77 25 1737 3.1 [13] 

TH90I 77 25 1204 2.9 [13] 

Filtrasorb400 77 25 983 2.25 [13] 

 

Table S5:  Total hydrogen storage in gravimetric capacities (ntot, wt.%) of selected MOFs reported in the literature 
under similar conditions (77 K, 100 bar). 

Sample Temperature 
(K) 

Pression 
(Bar) 

ABET 
(m2 g-1) 

Total H2 uptake 
(wt.%) 

Ref. 

NU-1500-Al 77 100 3560 8.5 [14] 

NU-1501-Al 77 100 7310 14.5 [14] 

NU-100 77 100 5777 14.1 [15] 

SNU-70 77 100 4847 11.6 [15] 

UMCM-9 77 100 4756 10.5 [15] 

IRMOF-20 77 100 4127 9.5 [15] 

MOF-5 77 100 3563 8.0 [15] 

MOF-177 77 100 4750 9.0 [16] 

C60 77 100 4750 4.5 [16] 

IRMOF-20  77 100 4073 7.2 [17] 

mOF-5  77 100 3512 7.5 [17] 

DUT-23(Co) 77 100 5185 10.0 [17] 

MOF-177 77 100 5000 10.5 [17] 

MOF-177-NH2 77 100 4725 10.6 [17] 

UMCM-4 77 100 4160 7.5 [17] 

MIL53-Al 77 100 681 7.4 [18] 

MOF-5 77 100 2589 11.5 [18] 

HKUST-1 77 100 1903 9.7 [18] 

MOF-177 77 100 4215 14.5 [18] 

DUT-23(Co) 77 100 5117 10.7 [19] 

RMOF-20 77 100 4145 9.3 [19] 

MOF-5 77 100 3555 8.2 [19] 



Sample Temperature 
(K) 

Pression 
(Bar) 

ABET 
(m2 g-1) 

Total H2 uptake 
(wt.%) 

Ref. 

ZIF-8 77 100 1631 3.7 [19] 

UIO-66 77 100 1668 7.8 [19] 

Ni-MOF-74 77 100 1392 3.9 [19] 

Ni-MOF-74 77 100 1736 5.4 [19] 

HKUST-1 77 100 2942 8.2 [19] 

UMCM-4 77 100 2931 7.8 [19] 

mBr-MOF-5 77 100 2400 8.9 [19] 

MSC-20 77 100 740 7.9 [19] 

Norit 77 100 1740 6.4 [19] 

HKUST-1 77 100 3120 10.3 [20] 

NU-125 77 100 2117 6.4 [20] 

rht-MOF-7 77 100 1232 3.7 [20] 

Cu-MOF-74 77 100 1760 6.7 [20] 

PCN-250 77 100 2460 10.8 [20] 

CYCU-3-Al 77 100 2363 10.0 [20] 

MSP20X 77 100 4340 12.2 [21] 

NU-1101 77 100 3720 13.0 [22] 

NU-1102 77 100 3305 14.9 [22] 

MSC30 77 100 3560 8.5 [21] 

 

Table S6:  Total hydrogen storage in volumetric capacities (ntot, kg m-3) of selected MOFs reported in the literature 
under similar conditions (77 K, 100 bar). 

Sample Temperature 
(K) 

Pression 
(Bar) 

ABET 
(m2 g-1) 

Total H2 uptake 
(kg m-3) 

Ref. 

NU-1101 77 100 4340 41.4 [20] 

NU-1102 77 100 3720 38.7 [20] 

HKUST-1 77 100 1740 41.7 [20] 

NU-125 77 100 3120 39.4 [20] 

rht-MOF-7 77 100 2117 37.3 [20] 

Cu-MOF-74 77 100 1232 36.2 [20] 

PCN-250 77 100 1760 44.4 [20] 

CYCU-3-Al 77 100 2460 38.1 [20] 
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