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S1. General bibliography and experimental section

Table S1. Overview of MOF based aerogels.

. . MOF
. - Synthesis | Drying . MOF Seet, | Dp, | Vp,
Aerogel name Matrix, additives MOF method technique L\;J,etlt;)ng size,nm | mfg | nm | cm¥/g Shape Use ref
Ru/araphene Ru/graphene aerogel, freeze
grap silane, succinic anhydride | HKUST-1 In situ : 30 100-300 | 104 | - - monolith | CO oxidation [1]
aerogel-HKUST-1 drying
HKUST-1@silica | gjjica ol HKusT-1 | Direct supercritical | 5, - - - - monolith | SIyrene oxide 2]
aerogel mixing CO2 drying isomerization
i g i i . . powder .
Fe-bpdc-C3N4 g-C3N4, resorcinol Fe-bpdc Direct air drying i ) 440 | - ) (ball- oxygen reduction 3]
carbon aerogel formaldehyde mixing milled) reaction (ORR)
ambient . solar photo—
MOF(2Fe/Co)/carb carbon aerogel MOF(Fe/Co) | Insitu pressure - - - - - monolith electro—Fenton [4]
on aerogel -
drying process
ZIF-9fcellulose cellulose aerogel ZIF-9 In situ free_ze 38 400 401 20 |14 monolith p-nltrophenol [5]
aerogel drying degradetion
ZIF-12/cellulose cellulose aerogel ZIF-12 In situ fregze 31 - 75 39 |05 monolith p-nltrophenol [5]
aerogel drying degradetion
) . photocatalytic
aZeIrFo gei@ero S(()jrr;etlgosheet, hydrazine ZIF-8 In situ Lreeiie - 100 168 - - monolith | degradation of [6]
9 Y rying methyl blue
Photocatalytic
ZIF-8/agar aerogel agar aerogel, C3N4 ZIF-8 In situ free_ze 50 15 - - - monolith removal of Congo [7]
nanosheet drying Red and
Methylene Blue
HKUST-1/ polyacrylamides, Fe304, : . air drying at ) . isomerization of a-
polyacrylamides Triton X-405 HKUST-1 In situ 60 °C 54 4 pm 701 0,34 monolith pinene oxide (8]
MOF-2 / polyacrylamides, Fe304, : . air drying at ) ) . isomerization of a-
polyacrylamides Triton X-405 MOF-2 In situ 60 °C 238 > Hm 68 monolith pinene oxide (8]
UiO-66 / polyacrylamides, Fe304, . . air drying at . ) ) . isomerization of a-
polyacrylamides Triton X-405 ViO-66 In situ 60 °C 17.6 30-100 | 202 monolith pinene oxide (8]
Fe-MIL-101(-NH2) | polyacrylamides, Fe304, | Fe-MIL- . air drying at ) ) ) . isomerization of a-
/ polyacrylamides Triton X-405 101(-NH2) In situ 60 °C 17.3 522 monolith pinene oxide (8]




i graphene oxide, . . freeze i ) 2; ) . cellulose
ZIF-8/rGO ascorbic acid, NaOH ZIF-8 In situ drying 1341 10 monolith degradation ]
ZIF-8@wood wood aerogel ZIF-8 In situ fregze 75 - ~800 2 - monolith Knoe_venagel [10]
aerogel drying 14 reaction
CuBDC/ freeze 0,6 ;:rfc)jzoiyd:r? fdiien
Carboxymethylcell | carboxymethyl cellulose CuBDC In situ drvi 10,5 0,1 pm | - 5’ - monolith | Y9 [11]
ulose rying evolution
reaction
: TEMPO-oxidized : methyl
;Jelroo-i?/ cellulose cellulose nanofibers, UiO-66 ra:;ﬁ(r:\t ereeiﬁe 54 108 483 - 0,23 monolith | paraoxon [12]
g ZrCl4 crosslink Y ying hydrolysis
UiO-66-NH2/ polyimide monomer . Direct freeze . ) 06 | . CO2
polyimide polymers | (4,4’-oxydianiline), Ui0-66-NH2 mixing drying 20 5 monolith cycloaddition (13]
Alginate@MIL- calcium alginate, Fe304 Direct freeze .
101@Fe304 nanoparticles MIL-101 mixing drying i ) i ) ) beads reduction of dyes | [14]
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Table S2. Overview of the catalyst samples tested in the oxime’s oxidation.

Oxidizing o Conv. | Yield
Reagent Catalyst reagent Solvent P (bar) T (°C) (%) %) Remark Ref.
Amberlite IRA-400 supported chromic H20
acid in the presence of CHS’CN - Reflux | 96 The use of Acid [1]
ZrCl4 (PCrO4H-ZrCl4)
[C5H5N+
(CH2)14CH3]3{P0O4[W0O(02)2]4}3—- | H202 H20/CHCI3 | - 30 90 90 - [2]
(PCWP)
The by-product of hydrogen peroxide is water, it is
N T i always more advantageous to use oxygen instead of
Titanium silica-1(TS-1) H202 Acetone Reflux 75 H202 as an oxidizing reagent. [3]
The use of oxidizing reagents that do not generate
Au (0.72 Wt.%)/Ce02 oxygen EtOH/H20 5 130 99 g9 | Wastes [4]
Limitations of the oxidation with oxygen are the high
Double metal hexacvanocobaltate activation barriers and poor selectivity The use of a
xacy oxygen EtOH/H20 5 100 94 82 catalyst which is able to decrease the activation [5]
(Mn2+, Co2+, Ni2+ and Cu2+) - . .
energies and direct the process toward a single product.
Cyclohexanone
oxime
purged
Amberlyst-15 and NaNO2 oxygen CH3CN/H20 . 25 82 -
several times [6]
FPAS53 containing nitrite functional [711
group resin (FPA53-NO2) and oxygen - 1 60 19 -
Amberlyst-15
Ce(SO4)2 Ce(SO4)2 | chloroform | - 25 65 | - (8]
CrO2 CrO2 MeCN - 80 18 - 9]
SnCI2/TiCI3 and hydrochloric acid THF/H20 - 25 91 - [10]
(PhCH2Se)2 H202 Petroleum | _ 60 9 |- [11]
ether
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Characterization techniques

N2-physisorption isotherms were recorded at -196 °C on a Micromeritics Tristar Il automated
gas sorption system. Before analysis, the samples were outgassed under dynamic vacuum at
120 °C overnight. Specific surface area was determined using the multipoint B.E.T. algorithm
in the P/Py range from 0.1 to 0.25 and the total pore volume is determined on the adsorption
branch at P/Po = 0.98. The pore diameters and the pore size distributions were calculated from
the desorption branch using the Barrett—Joyner—Halenda (BJH) and Non local density
functional theory (NLDFT) methods. A Micromeritics Autopore IV 9500 penetrometer was used
to investigate the mercury intrusion porosimetry of the samples, and a contact angle of 130°
was assumed in the pore size calculations. X-ray diffraction (XRD) was performed using a
Bruker X-ray AXS D8 Advance diffractometer in Bragg-Brentano configuration and equipped
with a LynxEye Super Speed detector. XRD patterns were recorded with Cu Ka radiation (A =
0.154 nm, 40 kV, 30 mA) in the 10-80° 26 range with a 0.02° 26 step. Phase identification was
made by comparison with the ICDD database. Transmission electron microscopy (TEM)
images were taken on a Philips CM 300 FEG system with an operating voltage of 100 kV. The
sample to be analyzed was prepared using a microtoming technique with a focused ion beam.
Diffuse reflectance infrared Fourier transform (DRIFT) spectra were monitored using a
NICOLET iS10 spectrometer. A KRATOS Axis Ultra spectrometer operated under ultrahigh
vacuum condition, using a twin Al X-ray source (1486.6 eV) at a pass energy of 40 eV, was
used for the X-ray photoelectron spectroscopy (XPS) analyses. The solid, in the form of pellet,
was fixed on a copper holder with copper tape. The binding energy values were estimated,
positioning the C 1s peak of contaminant carbon at a B.E. of 285.0 eV. The Casa XPS software
package was used for data analysis. TGA profiles were obtained on TGA SDT2960 under the
constant flow of simulated air in the room temperature-900°C range with a 5°C/min rate. A
Vinci Technologies Versatile Crushing Strength Tester was used to perform the single-particle
crushing test, using a set of flat anvil and hammer. The load applied was recorded by the force
sensor as a function of the displacement of the punch at a constant speed of 0.6 mm/min until
failure, happening at the ultimate crushing strength of the solid. For each sample, 10
representative solids were crushed and the resulting crushing strength values, given in Newton,

were averaged. .



Table S3. The specific experimental conditions.

Sample code Metal precursors Molar ratio Ligand Synthesis
NH:z:metal T(°C)
precursor

HKUST-1@CS Cu(NO3)2:2.5H20 1:2 BTC 80
ZIF-67@CS Co(NOs3)2:6H20 1:2 2-Methylimidazole 80
ZIF-8@CS Zn(NOs3)2:6H20, 1:2 2-Methylimidazole 40

Fe-BTC@CS Fe(NOs)3-9H20 1.2 BTC 120
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Figure S1. FTIR spectra of chitosan pristine, MOF and MOF@chitosan composite.
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Figure S3. (a-d): SEM images and element mapping of HKUST-1@CS aerogel beads; (e-h):
SEM images and element mapping of ZiF-67@CS aerogel beads; (g-j): SEM images and
element mapping of Fe-BTC@CS aerogel beads.

(c) L
N
{s)
N

Figure S4. HRTEM images and element mapping of (a-d): ZIF-67@CS aerogel; (e-h): Fe-
BTC@CS aerogel.
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Table S4. Textural and structural properties of the synthesized materials.

a ®Su | CVp, | 9V | N Metal loading, wt.% MOFs loading, wt.%
Samples Sger, | Mg | cmiy | cmiy P
m?gt ! ! "™ 'icp | EDX | TGA ICP EDX | TGA

CS 120 - - - - - -
Cu(MOF)@cCS 531 337 0.71 0.16 209 | 24 23 23 75 73 72
Co(MOF)@CS 283 47 0.89 0.01 215 | 22 21 22 81 79 81
Zn(MOF)@CS 232 101 0.78 0.05 | 183 | 23 - 23 81 - 79
Fe(MOF)@CS 163 0.72 20 17 16 16 81 76 76
Cu(MOF)@CS py | 141 | 8 | 1.04 258 | - - . - . -
Co(MOF)@CS_py | 257 | 78 | 077 | 002 | 243 | - - . - ; -
Zn(MOF)@CS_py | 179 | 48 | 081 | 001 | 19.4 | - - . - . -
Fe(MOF)@CS _py | 121 1 0.63 24.4 - - - - - -

a, B.E.T. surface area; b, microporous surface area by t-plot method; c, total pore volume; d, micropore volume; e, B.J.H.

mean pore size.

13




120

40
AN
204 ——HKUST-1@CS
—2Cs
0 ——HKUST-1
0 200 400 600 800
Temperature (°C)
120
100 -
80 ~
9
5 60+
Q
= \
40 \
—ZIF-8
049 g
ZIF-8@Cs
0 T T T T
0 200 400 600 800

Temperature (°C)

Temperature (°C)

120
100
80 -|
g
5, 60
]
=
40 \
20 4 —ZIF-67@CS
—ZIF-67
—CS
0 T T T T
0 200 400 600 800
Temperature (°C)
120
100
80 - \
g
5, 60+
°
2
40+
50 Fe-BTC@CS \
—CS
——Fe-BTC
0 T T T T
0 200 400 600 800

Figure S5. TGA curves of HKUST-1@CS, ZIF-67@CS, Fe-BTC@CS and ZIF-8@CS.
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Figure S6. N2-physisorption isotherms obtained for HKUST-1@CS, ZIF-67@CS, Fe-
BTC@CS and ZIF-8@CS.
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Figure S7. (a) Non local density functional theory (NLDFT) pore size distribution plots in the
micropore range; (b) Barrett—Joyner—Halenda (BJH) adsorption pore size distributions for
HKUST-1@CS, ZIF-67@CS, Fe-BTC@CS and ZIF-8@CS.
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Figure S10. High -resolution XPS spectra of C (1s), N(1s) and O(1s) of the HKUST-1,
Cu@cCS and HKUST-1@CS aerogels.
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Table S5. Elemental compositions and O/N ratio of the HKUST-1, Cu@CS and HKUST-1@CS
aerogels.

Atomic concentration (%)
C (1s) O (1s) N (1s) Cu (2p) O/N ratio
HKUST-1 67.0 28.3 - 4.7 -
Cu@Cs 69.0 25.0 55 3.1 4.5
HKUST-1@CS 64.1 29.2 3.4 3.3 8.5
1400
13001 ——HKUST-1@CS
2 —— HKUST-1@CS_Py o 129 ——HKUST-1@Cs_Py b
- —— HKUST-1@C$ 5
‘(“:f MM mg
:
MM_ g
10 2|0 Sb 4|0 5|0 Bb 7|0 80 DU. . h 02 ' f4 05 06 07 08 09 10

2Theta(®) Relative pressure (P/P,)

Figure S11. XRD patterns (a) and N2-Adsorption desorption (b) of HKUST-1@CS before and
after pyrolysis.
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Figure S12. Time-yield plots for the oxidation of 1 to 2 over HKUST-1@CS aerogel at different
reaction temperatures (i.e., 80 °C, 100 °C, 130 °C), other reaction condition: 0.8 mmol reactant,
1 mL ethanol/water (1/1, v/v), catalyst/reactant solution ratio 8 wt.%, 5 bar O..
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Figure S13. Arrhenius plot correlating the inverse of the absolute temperature with the rate
constant in the presence of HKUST-1@CS, ZIF-67@CS and Fe-BTC@CS.

The activation energies were obtained from the slope of the best fitting of the experimental
points to a straight line and applying the Arrhenius equation [Ln(k) = -Ea/RT +Ln(A)]. The
experimental equations for the three catalysts were: Ln(kcy = -7.4*(1/T) + 19.8; Ln(kco) = -
7.6*(1/T) + 18.0; Ln(krey =-7.8%(1/T) + 18.3.
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Figure S14. Simulated kinetic patterns of cyclohexane oxime 1 conversion using first
order kinetic for HKUST-1@CS, ZIF-67@CS and Fe-BTC@CS at 80 °C, 100 °C and
130 °C. The solid lines in each figure represent the simulation data. The data points in
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each figure represent the experimental data. Reaction conditions: 0.8 mmol reactant,
1 mL ethanol/water (1/1, v/v), catalyst/reactant solution ratio 8 wt.%, 5 bar Ox.

Table S6. Constant rates (k) at different reaction temperatures for HKUST-1@CS, ZIF-
67@CS and Fe-BTC@CS for the oxidative conversion of cyclohexane oxime 1 to

cyclohexanone 2.

Reaction T, °C HKUST-1@CS ZIF-67@CS Fe-BTC@CS
80 0.26 0.03 0.02
100 1.05 0.09 0.05
130 4.0 0.43 0.36

Table S7. Comparison of catalytic performances of reported catalysts in literature for
cyclohexanone oxime oxidation

Entry |  Catalyst T, °C Péaﬁ)’ (Egg,[a:]) TOF, Il h Ref
Au (0.72

1| toeyeeo, | 100 | 5 | 6800() 6800 [1]
2 NaNOz 25 1 8.2 (6) 1.4 ]
3 Ce(SOa)2 25 i 0.2 (2) 0.1 (3]
4 | SnChand TiCls | 25 : 0.3 (3) 0.1 4]
5 | Cus[Co(CN)el. | 100 | 5 6.3 (1) 6.3 5]
6 | ZIF-67@CS | 100 | 5 | 359(6) 6.0 This work
7 ZIFS@CS | 100 | 5 1.4 (6) 0.2 This work
8 | Fe-BTC@CS | 100 | 5 | 21.6(6) 3.6 This work
9 | HKUST-1@CS | 100 | 5 13.0 (1) 13.0 This work

[1] A. Grirrane, A. Corma and H. Garcia, J. Catal., 2009, 268, 350-355.
[2] G. Zhang, X. Wen, Y. Wang, W. Mo and C. Ding, J. Org. Chem., 2011, 76, 4665-4668.

[3] O. Asutay, N. Hamarat, N. Uludag, N. Coskun, Tetrahedron Lett., 2015, 56, 3902-3904.

[4] M.-H. Lin, H.-J. Liu, C.-Y. Chang, W.-C. Lin, T.-H. Chuang, Molecules , 2012, 17, 2464-2473.
[5] A. Garcia-Ortiz, A. Grirrane, E. Reguera, H. Garcia, J. Catal., 2014, 311, 386-392.
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Figure S15. Hot filtration test of HKUST-1@CS in different reaction medium, reaction
conditions: 0.8 mmol reactant, 1 mL ethanol/water (1/1, v/v), catalyst/reactant solution ratio 8
wt.%, 80 °C, 5 bar O,. The catalyst was filtered out at the reaction time of 0.5 h.
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Figure S16. XRD pattern and XPS spectra of the spent HKUST-1@CS catalyst.
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Figure S17. Time-yield plots for the oxidation of 5 (carvone oxime) in the presence of HKUST-

1@CS at different reaction temperatures (i.e., 80 °C, 100 °C, 130 °C). Reaction conditions: 0.8
mmol reactant, 1 mL ethanol/water (1/1, v/v), catalyst/reactant solution ratio 8 wt.%, 5 bar O,.
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Figure S18. GC_MS spectrum of products analysis.
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'H NMR (300 MHz, Methylene Chloride-d,) § 10.05 (s, Hs, 1H), 8.00 — 7.80 (m, Hi+Hs, 2H), 7.74 — 7.65 (m,

Hs, 1H), 7.63 — 7.53 (M, Ha*+Hs, 2H).
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13C NMR (75 MHz, CD,Cl,) § 192.69 (C7), 136.94 (C2), 134.78 (C5), 129.98 (C1+C3), 129.39 (C4+C6).
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Cyclohexanone
'H NMR (300 MHz, Methylene Chloride-dz) § 2.31 (m, Ha+Hs, 1H), 1.94 — 1.80 (m, Hs+Hz,1H), 1.72 (m, Ha,
1H).
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13C NMR (75 MHz, CD2Cl) & 211.56 (C1), 42.24 (C2+C6), 27.41 (C3+C5), 25.36 (C4).

211.56
42.24
27.41
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Carvone
IH NMR (300 MHz, Methylene Chloride-d,) & 6.78 (ddq, J = 5.9, 3.3, 1.6 Hz, Hg, 1H), 4.91 — 4.72 (m, Hyo, 2H),
2.71 (m, Hg, 1H), 2.61 — 2.20 (M, Ha+Hs, 4H), 1.78 (s, Hg+H1, 6H).
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Figure S19. NMR data of products analysis.
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