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Figure S1. DTA curves of 6:9:2-RHC at heating rate of 1, 3, 5 and 10 °C/min from RT-300 °C (a), DTA of 6:9:2-
RHC+0.1CMK3 at heating rate of 1, 3, 5, 10 °C/min from RT-300 °C (b).
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Figure S2. Isothermal cycling stability of 6:9:2-RHC: 10 hydrogen desorption cycles at 180 °C and 1 bar (a), 10 hydrogen
absorption cycles at 180 °C and 80 bar (b).
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Figure S3. Isothermal cycling stability of 6:9:2-RHC+0.1CMK3: 10 hydrogen desorption cycles at 180 °C and 1 bar (a), 10
hydrogen absorption cycles at 180 °C and 80 bar (b).
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Figure S4. Hydrogen storage capacity loss of 6:9:2-RHC and 6:9:2-RHC+0.1CMK3 over 10 isothermal cycles of
dehydrogenation/hydrogenation.



Table S1. Kinetic rate models (JMA) applied in the Sharp-Jones method.

Kinetic rate models
(Diffusion and

Description

Rate equations to be
used for Sharp and

growth) Jones Method

F1IMA -n=1 Interface controlled - 1D growth with —In (1-a)/0.6931
interface-controlled reaction rate

F2JMA -n="% Diffusion controlled - 2D growth of existent —In (1—a)1/2/0.832
nuclei at constant interface rate

F3JMA -n=1/3 | Diffusion controlled - 3D growth of existent —In (1—a)1/3/0.8849
nuclei at constant interface rate

F4JMA -n="% Nucleation controlled —In (1-a)1/4/0.9124

F5SIMA -n=2/5

Nucleation and diffusion controlled

~In (1-a)2/5/0.8636

Fitted Kinetic models (F1-F5):

t/t, stheoretical

t/t, ;experimental

Equation y=a+bx
Plot Fi1 F2 [ F3 [ F4 | F5
Waight No Weighting
4 = |Intercept -1.03423 £ 0.09731 -0.08301 £ 0.01914] 032338 £0.0324 | 0.48475 £ 0.0282 | 0.19585 £ 0.03452
Slope 218706 £0.08715  1.0583 4 0.01714 |0.65466  0.02901]0.42165 & 0.02526| 0.78661 & 0.03092
Residual Sum of Squares 0.32258 0.01247 0.03575 0.02709 0.0406
Pearson's r 0.0883 0.09804 0.98559 0.98077 0.98881
1 |R-Square {COD) 0.97673 0.09608 0.97138 0.96102 0.97735
Adj. R-Square 0.87518 0.99562 0.96947 0.95938 0.97584
3 4 6:9:2-RHC- 1st dehydrogenation
2+ e
Y = F1
11 ® F2
A F3
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Figure S5. t/t) s experimental vs t/t s theoretical model fitting using JMA model. 6:9:2-RHC during 1 dehydrogenation follows F2
model.

4 Equation y=a+bx
Plot F1 F2 F3 ‘ F4 ‘ F&
Weight No Weighting
Intercept -0.80576 +0.06722 0.02015 + 00336 037763 + 0.04641/052708 + 0.03892| 0.259 + 0.05079
Slope 1.95848 + 0.05666 082981 + 0.02632 0.57212 + 0.03811| 0.42819 + 0.0328 |0.68927 + 0.04281
Residual Sum of Squares 0.17171 0.04201 0.08185 0.05756 0.09805
Pearson's r 0.99379 0.99311 0.96669 0.9887 0.87226
R-Sguare {COD) 0.98762 0.98627 0.93448 0.9191 0.9453

3 ™ Adi. R-Square 0.98679 0.968536 0.93011 081371 0.84165

6:9:2-RHC-9th dehydrogenation

t/t, stheoretical

F1
F2
F3
F4
F5

¢ 4 o

1 2 3
t/t, sexperimental

Figure S6. t/t) 5 experimental vs t/ty s theoretical model fitting using JMA model. 6:9:2-RHC during 9" dehydrogenation follows
F2 model.

Equation y=a+b'x

4 4 = F T Z I 3 1 F5
Weight No Weignting
Intercept -0.01283 £ 0.03691 | 0.53868 £ 0.05943 | 06825 £+0.04627 075685 +0.03746 | 06243 + .0522
Slape 0.85802 £ 0.02172 [ 0.36817 £ 0.03498 | 0.23887 = 0.02723  0.1776 + 0.02205 | 0.28927  0.03072
Residual Sum of Squares 0.12988 0.33617 0.20383 0.1336 0.25942
Pearson's r 0.89617 0.93849 0.91478 0.90123 0.92481
R-Square (COD} 0.99235 0.88077 0.83663 0.81222 0.85527
Adj. R-Square 0.99184 0.87282 0.82595 0.79¢7 0.84562
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Figure S7. t/t) 5 experimental vs t/ty s theoretical model fitting using JMA model. 6:9:2-RHC during I°' hydrogenation follows F1
model.

Equation y=a+bx
Plot F1 F2 | F3 Fd4 | F5
Weight No Weighting
Intercept 0.09469 = 0.02039 0.66934 * 0 ﬂﬁﬂ‘ 0.76922 + 0.04838 0.8218 + 0.03846 |0.72871 + 0.05548
Slope 0.84858 + 0.01271 0.23675 + 0.02068|0.15268 £ 0.02219 0.11321 £ 0.01764| 0.1853 + 0.02544
Residual Sum of Squares 0.03759 0.53773 0.30065 0.1889 0.3952
Pearson's r 0.99843 0.69057 0.87144 0.85621 0.8829
R-Sguare (COD) 089687 0.80922 0.75941 0.73309 0.77952
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Figure S8. 1/t)s experimental vs t/t) ;5 theoretical model fitting using JMA model. 6:9:2-RHC during 9" hydrogenation follows F1
model.

4

Equation y=a+bx
Plot Fi [ F2 [ F3 ] 2 T F5
Weight No Weighting
Intercept -0.38744 £ 0.04575| 0.11008 £+ 0.01 |0.52320 + 0.02886|0.63562 £ 0.02515/0.43513 £0.03043
Slope 1.48077 + 0.03645 |0.87827 + 0.00797(0.43751 + 0.02299| 032782 + 0.02004| 0.52652 = 0.02425
Residual Sum of Squares 0.12492 0.00587 0.0497 0.03774 0.055626
Pearson's r 0985649 0.99938 0.8709 0.87311 0.98447
3 - R-Square {COD) 0.92099 0.92876 0.96021 0.94695 0.96917
Adj. R-Square 0.98039 0.90868 0.95756 0.84341 0.96712
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Figure S9. t/tys experimental vs t/tys theoretical model fitting using JMA models. 6:9:2-RHC+0.1CMK3 during I1*

dehydrogenation follows F2 model.

4

Equation y=a+bx
Plot F1 F2 F3 | Fa | F5
Weight No Weighting
Intercept -0.42309 + 0.02951 0.09889 + 0.01141 0.51506 + 0.03066( 0.62979 + 0.0268 (0.42484 + 0.03214
Slope 14588 +0.02277 0808 + 000881 0429 + 0.02366 |0.32122 + 0.02088| 0.51662 + 0.0248
Residual Sum of Squares 0.05048 0.00755 0.05451 0.04185 0.0599
Pearson's r 0.99818 0.9993 0.97794 0.87029 0.88315
R-Sguare (COD} 099836 0.99858 0.95637 084148 0.96858

3 =4 | Adj. R-Square 0.99812 0.9985 0.95346 0.93756 0.96438
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Figure S10. t/tys experimental vs t/tys theoretical model fitting using JMA model. 6:9:2-RHC+0.1CMK3 during 9"
dehydrogenation follows F2 model.

4

Equation y=a+b'x
Plot F1 F2 | F3 [ F4 [ F5
Weight No Weighting
Intercept 0.75137 £ 0.05124 0.41689 £ 0.05462[0.60265 £ 0.04499] 0.69685 £0.037 |0.52843 £ 0.05003
1 [Slope 1.09607 + 0.03509 0.49905 + 0.037410.32537 + 0.03081| 0.24243 + 0.02534 0.39335 + 0.03427

Residual Sum of Squares 019214 0.21834 014814 0.10021 0.18319
Pearson's r 0.9924 0.96035 093884 0.9269 0.94752
R-Square (COD) 0.98486 0.92226 088142 0.85915 0.8978

3 o [Adi R-Square 0.98385 0.91708 087351 0.84976 0.58098
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Figure S11. t/t) 5 experimental vs t/t) s theoretical model fitting using JMA models. 6:9:2-RHC+0.1CMK3 during I*' hydrogenation
follows F1 model.

Equation y=a+hb%
Plot Fl F2 F3 F1 F5
Weight No Weighting
Intercept 0.01037 + 0.03096 | 050371+0.04938 065894 + 0 04036 | 0.73866 +0.03313 | 059663 + 0.04408
Slope 0.94912£0.0253% | 041752003138 0.27245+002565 | 02031002105 | 0.32826+ 002859
Residual Sum of Squares 0.14367 0.21847 0.1486 0.09875 0.18209
Pearson's r 0.59467 0.96014 083949 0.92801 094785

3 = [R-Square (COD) 0.98938 0.92186 0.88265 0.8612 0.89841
Adj. R-Square 0.98867 0.91665 087462 085795 0389164
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Figure S12. 1/10.5 experimental vs t/t0.5 theoretical model fitting using JMA model. 6:9:2-RHC+0.1CMK3 9" hydrogenation follow
F1 model.
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Figure S13. XRD spectra of 6:9:2-RHC and 6:9:2-RHC+0.1CMK3 both in BM state and after first hydrogen absorption state (a).
FTIR spectra of 6:9:2-RHC and 6:9:2-RHC+0.1CMK3 both in BM state and in hydrogen desorption state with focus on BH,
stretching vibrations (b).



Table S2. crystalline size calculation parameters. D= K./p. Cos0, A=0.014235 nm, k=0.9

Sample 20 (degree) FWHM Crystalline Average size
name/ (degree) size (nm) (nm)
Parameters
1.37685 0.05748 12.77136166
2.13912 0.05973 12.2915251
6.9.2-BM 2.75602 0.04755 15.44179246 14.07108
3.09035 0.05505 13.33899897
3.99403 0.04428 16.58742043
4.52283 0.05249 13.9953706
1.37521 0.05717 12.8406112
1.80565 0.06482 11.32576392
2.13933 0.05747 12.7748881
2.75581 0.05667 12.95671782
60 9. 2-
0.1CMK3-BM 3.08946 0.06634 11.06891377 13.30119188
3.48394 0.06335 11.5924904
3.99655 0.03662 20.0571147
4.52302 0.05326 13.79303513
2.64649 0.03735 27.61979
6.9.2-desorb 2.81269 0.05333 19.34436
25.38654352
4.32847 0.03535 29.19548
6.9.2- 2.81502 0.03858 19.03230749
0.1CMK3- 4.65394 0.03977 18.4724837 19.37801288
desorb
4.48514 0.03561 20.62924744




Guinier-Porod model:
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Figure S14. Power law and Guinier-Porod model fitting on 6:9:2-RHC-BM (a), model fitting on 6:9:2-RHC+0.1CMK3 (b).
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Figure S15. SANS and USANS data of 6:9:2-RHC and 6:9:2-RHC+0.1CMK3 in ball-milled state and in desorption state (a, c),
the particle size calculated after applying Mass Fractal Exp models (b, d).
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Figure S16. SANS/USANS data of CMK-3 as received and after milling for reference (a). The grain size calculation of 6:9:2-
RHC and 6:9:2-RHC+10CMK3 by using models (b). Similarly, grain size calculation after the desorption state (d). SANS/USANS

data of 6:9:2-RHC and 6:9:2-RHC+10CMK3 after first absorption state (c). Particle size calculation and grain size calculation

by applying Mass Fractal Exp models (e, f).
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Figure S17. QENS spectra of 6:9:2-RHC and 6.:9:2-0.1CMK3-RHC at different temperatures. Showing a clear broadening
around elastic part.

-
6:9:2-RHC-100°C
i E"p' f'att.a A =49 A
o | Resolution [ . |
9T Lorentzian L(I") / | Q=04A
. Total fit ;
s, 4l Background I
£10 1 g | |
2
2
s10294 = = &
£ .

0.0
Energy transfer (meV)

Figure S18. QENS Model fitted data of 6:9:2-RHC at wavelength of 4.9 A, using the Lorentzian function, instrumental
resolution and background contributions
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Figure S19. FWHM vs Q of 6:9:2-RHC and 6:9:2-RHC+0.1CMK3. Showing the Q-dependence of quasielastic broadening
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Figure S20. QENS spectra, energy transfer vs Intensity of 6:9:2-RHC and 6:9:2-RHC+0.1CMK3 at two different temperatures, 8
A wavelength and at g = 0.4 A-1.



