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Experimental section

Chemicals: Zinc nitrate hexahydrate (Zn(NOs),6H,0, 99%), cobalt nitrate hexahydrate
(Co(NO3),6H,0, 99%) and 2-methylimidazole (2-MeIM, 99%) were purchased from Sigma-
Aldrich. Zinc nitrate monohydrate and anhydrous zinc nitrate were obtained by drying zinc nitrate
hexahydrate in vacuum at 130 °C. Palladium acetate (Pd(OAc),, 98%) was purchased from Sin-
platinum Metals Co., Ltd., China. Methanol (99.9%) and acetone (99.8%) were supplied by
Yonghua Chemical Co., Ltd., China. Ethanol (99.7%) was supplied by Yasheng Chemical Co.,
Ltd., China. 1-Propanol (99%) was supplied by Shanghai Macklin Chemical Reagent Co., Ltd.,
China. p-Benzenediol (99%), 1-butanol (99.5%), 1-octanol (99%), phenol (99%) and nitric acid
(65~68%) were provided by Sinopharm Chemical Reagent Co., Ltd., China. 1-Pentanol (99%), 1-
hexanol (99%), 1-heptanol (98%), 1-nonanol (98%), 1-decanol (98%), 1-hexene (99%),
cyclohexene (99%), tetra-styrene (98%), p-nitrophenol (98%), o-nitrophenol (98%), p-
nitrobenzoic acid (99%), p-nitrobenzaldehyde (97%), p-nitrotoluene (99%), 3-aminophenol, o-
cresol (99%), p-cresol (99%) and m-cresol (99%) were obtained from Shanghai Aladdin
Biochemical Technology Co., Ltd., China. Cyclohexane was purchased from Shanghai Shenbo
Chemical Regent Co., Ltd., China. Cyclohexane (99.7%) and sodium borohydride (NaBH,, 97%)
was purchased from Shanghai Lingfeng Chemical Regent Co., Ltd., China. 1-naphthol and
guaiacol were obtained from Shanghai Macklin Biochemical Co., Ltd., China. CO; (99.9 vol %),
CHy4 (99.9 vol%), N, (99.9 vol%) and H, (99.9 vol%) were acquired from Nanjing Special Gas
Factory Co., Ltd., China. All chemicals were used as received.

Synthesis of MOF's
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Synthesis of HZIF-8: 2-MeIM (1.236 g) was dissolved in 50 mL of 1-octanol and added to

Zn(NOs), 6H,0/1-octanol solution (10 mL, 7 g/L) under stirring at 30 °C for 5 min, and then kept

undisturbed at 30 °C for 24 h. The resulting products were centrifuged and washed with methanol

for 5 times, and then dried in a vacuum oven at 70 °C overnight.

Synthesis of SZIF-8: 2-MeIM (4.944 g) was dissolved in 50 mL of deionized water and added to

Zn(NOs), 6H,0 aqueous solution (50 mL, 28 g/L) under stirring at 30 °C for 5 min, and then kept

undisturbed at 30 °C for 24 h. The resulting products were centrifuged and washed with methanol

for 5 times, and then dried in a vacuum oven at 70 °C overnight.

Synthesis of HZnCo-ZIF: 2-MeIM (1.236 g) was dissolved in 50 mL of 1-octanol and added to

l-octanol solution (10 mL, containing 0.0342 g of Co(NO;);"6H,O and 0.035 g of

Zn(NOs), 6H,0). After stirring for 5 min, the reaction solution was placed in a water bath and

kept undisturbed at 30 °C for 24 h. Purple products were obtained by centrifugation and washed

with methanol 5 times, and then dried in a vacuum oven at 70 °C overnight.

Synthesis of PA@ZIF-8: The loading of the Pd nanoparticles with a calculated Pd content of 4.3

wt.% was achieved using the wet impregnation method. The support (0.1 g) was dispersed in a

Pd(OAc), methanol solution (20 mL, 0.5 g/L) and stirred at 30 °C for 3 h. Subsequently, the

samples were collected by filtration, repeatedly washed with methanol until a colorless filtrate was

obtained, and finally dried at 70 °C overnight. The corresponding catalysts were denoted as

Pd@HZIF-8 and Pd@SZIF-8.

Synthesis of HZIF-67: Co(NO;),-6H,0 (1.091 g) and 2-MeIM (19.704 g) were dissolved in 40

mL and 200 mL of n-octanol, respectively. The former was slowly added to the latter with stirring

for 5 min and then kept undisturbed at 30 °C for 6 h. The products were collected by
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centrifugation, washed with methanol for 5 times, and dried at 70 °C for 24 h. The obtained

samples were recorded as HZIF-x-y, where x represents the amount of 2-MeIM in per L of 1-

octanol (mol/L) and y represents the synthesis time (h).

Synthesis of HCNs: The as-prepared HZIFs were placed in a ceramic boat in pure Ar flow (60

mL/min) in a tube furnace. First, the samples were heated to 450 °C at a rate of 5 °C/min for 90

min. Then the temperature was further increased to 700 °C at a rate of 2 °C/min for 90 min.

Finally, the furnace was allowed to cool to room temperature. The resulting samples were etched

with nitric acid solution (30%) by reflux at 60 °C for 3 h. Subsequently, the samples were

collected by filtration, repeatedly washed with deionized water until a colorless filtrate was

obtained, and finally dried at 70 °C overnight. The products were named as HCN-x-y.

Synthesis of PA@HCNs: The loading of the Pd nanoparticles with a calculated Pd content of 2

wt.% was achieved using the wet impregnation method. The support (0.15 g) was dispersed in a

Pd(OAc), acetone solution (15 mL, 0.42 g/L) and stirred at 30 °C for 12 h. Subsequently, the

resulting samples were rotary evaporated and dried at 70 °C overnight. Finally, the prepared

materials were reduced in H; in a pipe furnace at 250 °C for 300 min. The corresponding catalysts

were denoted as PA@HCN-x-y.

Characterization

High-resolution transmission electron microscopy (HRTEM, Talos-F200X) and field

emission scanning electron microscopy (FESEM, Hitachi S-4800) were applied for characterizing

the microstructures of the materials, the corresponding element distribution was given by the

energy spectrum analysis of high angle annular dark field scanning transmission electron

microscope (HAADF-STEM), and the particle size distribution was measured by Nano particle
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size analyzer and ZETA potential tester (Malvern Zetasizer Nano ZS90). Powder X-ray

diffractometer (XRD, Rigaku Miniflex 600) equipped with a copper target was used to determine

the crystal phase purity and the degree of crystallization. Variable temperature XRD (VT-XRD)

measurement (Rigaku SmartLab) was used to identify the differences in thermal properties under

N, atmosphere from ambient temperature to 700 °C with a heating rate of 10 °C/min. The sample

was held at the target temperature for 5 min, and data were collected over the 20 range of 5-50 °

with a step size of 20 °. Raman spectrum was collected by a Raman spectrometer (Labram,

HR800) with a laser of 514.5 nm wavelength. The N, adsorption-desorption isotherms (77 K) and

gas adsorption performance (298 K) were conducted on a physical adsorption instrument

(Micromeritics ASAP2020). The specific surface area was calculated by the Brunauer-Emmett-

Teller (BET) method, and the pore size distribution was calculated by the Density Functional

Theory (DFT) model. The basicity of samples was measured by CO,-temprature-programmed

desorption (TPD, BELCAT-A). The surface element composition and valence state of the

Pd@HCNs catalysts were analyzed by X-ray photoelectron spectrometer (XPS, ESCALAB 250)

equipped with monochromatic Al Ko (1486.8 ¢V). The actual content of active components in the

catalysts was measured by inductively coupled plasma optical emission spectrometer (ICP-OES,

Optima 7000 DV). All microscope pictures were collected by an optical micro-scope (BX47,

Olympus). The process was taken as movies by using an inverted microscope (Leica DMi8)

equipped with a CCD camera (HAMAMATSU, C11440). Thermogravimetric analysis (TGA) was

conducted on a TG analyzer (NETZSCH STA449 F3) under nitrogen atmosphere from ambient

temperature to 900 °C with a heating rate of 10 °C/min.
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Evaluation of gas adsorption capacity

Adsorption isotherms of CO,, CH,, N, and H, were measured for HZIF-8 and SZIF-8.
Approximately 100 mg of sample was weighed and loaded in to a sample holder. Each sample
was first activated prior to the measurements. For this purpose, the sample was degassed under
vacuum at 120 °C overnight. After activation, the sealed sample holder was connected to the
analysis port. Adsorption isotherms of CO,, CHy, N, and H, gases were acquired up to 1.19 bar at
25 °C. Ideal selectivities of the samples were obtained by calculating the uptake values of different
gases at the same pressure. The dynamic breakthrough curve of ZIF-8 was measured to analyze
the separation performance of mixture gas. A quantity of ZIF-8 was filled into a fixed bed, which
was heated for a pretreatment at 150 °C for 3 h. Then it was fed in a certain gas flow (CO,/N,,
15/85, v/v) of 10 mL/min at 20 °C and 0.1 MPa. The dynamic breakthrough curve was recorded
by the auto gas chromatography. The gas volumes of crossing the empty bed and the sample bed
are defined as Cy and C;, and the ratio of C; and C, represents the volume of gas actually breaking
through the sample bed.
Evaluation of catalytic performance

The hydrogenation of p-nitrophenol to p-aminophenol (Scheme 1) was used as a model
reaction to evaluate the catalytic performance of Pd@HZIF-8 and Pd@SZIF-8. The typical
reaction process was as follows: 0.1 g of p-nitrophenol was dissolved in the mixed solvent of
water and ethanol (20 mL, Vyater: Vethanot =1:1) at 30 °C under agitation. 0.33 g of NaBH, was then
added, followed by adding 0.1 g of catalyst to start the reaction. Samples were taken at fixed time

intervals, and were analyzed by high-performance liquid chromatography (HPLC, Agilent 1200
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Series, USA). After the reaction, the catalyst was separated by filtration, washed with a mixture of

water and ethanol, and then vacuum-dried for the next run.

OH OH
Catalysts
4 +3NaBHy———— 4 + 3NaBO, + 2H,0
N02 NH2
(p-Nitrophenol) (p-Aminophenol)

Scheme S1. The catalytic hydrogenation of p-nitrophenol to p-aminophenol.

Liquid-phase phenol hydrogenation (Scheme 2) was used as a model reaction to evaluate the

catalytic performance of the obtained PA@HCNSs catalysts using a stainless-steel reactor (35 mL).

The reaction process was as follows: the catalyst (0.03 g) and phenol in cyclohexane (5 mL, 1

wt.%) were placed in the reactor in order. The reactor was sealed, and the atmosphere was

replaced with H, (0.2 MPa) five times. Then, the reactor was filled with 0.1 MPa H, and heated to

the desired temperature (80 °C) with stirring (100 rpm). After reaction for 30 min, the reactor was

cooled in a water bath.

0O
OH OH /Cyclohexanone)
+H,
+2H,
e, OH
(Phenol) (1-hydroxycyclohexene)
(Cyclohexanol)

Scheme S2. Reaction pathways for phenol hydrogenation.

Finally, a clear liquid was obtained from the reactor by filtration, and quantitative analysis

was carried out via gas chromatography (Shimadzu GC 2014). The products were identified by

S7



nuclear magnetic resonance (NMR, obtained on a JNM-ECZ400S spectrometer with CDCl; as a
solvent, 400 MHz). The concentrations of phenol and cyclohexanone in the reaction mixture were
obtained according to the GC results using the internal standard method (trimethylbenzene was
used as an internal standard). The phenol conversion and cyclohexanone selectivity were
calculated by the following equations:

(Initial moles of phenol) - (Final moles of phenol)

Conversion (%) = — X 100%
Initial moles of phenol

o Moles of cyclohexanone
Selectivity (%) = —— - X 100%
(Initial moles of phenol) - (Final moles of phenol)

The hydrogenation of nitroarenes and phenols with different functional groups with the as-

developed catalysts were carried out.
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Fig. S1 FESEM image (a), XRD patterns (b), N, sorption isotherms (c) and BJH pore size

distribution curve (d) of SZIF-8.
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Fig. S2 TG curves and VT-XRD patterns of HZIF-8 (a) and SZIF-8 (b).

The TG curves and VT-XRD patterns of HZIF-8 and SZIF-8 are shown in Fig. S2. For HZIF-

8, the characteristic peaks belonging to ZIF-8 in the VT-XRD patterns start to weaken after 500

°C, indicating a phase transition in the sample, which is consistent with the weight loss curve (Fig.

S2a). In the TG curve of SZIF-8, the weight loss before 200 °C comes from the volatilization of

free or poorly bound water and imidazole in the sample,' and the gradual weight loss after 600 °C

is induced by the thermal decomposition of the material, almost in line with the VT-XRD patterns

(Fig. S2b). The results in Fig. S2 reveal the slightly low thermal stability of HZIF-8 as compared

to SZIF-8.2
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Fig. S3 Photographs of the zinc nitrate with different contents of hydration water in 1-octanol:

zinc nitrate hexahydrate (blank control) (a), zinc nitrate monohydrate (b), anhydrous zinc nitrate

(¢), and anhydrous zinc nitrate with additional water (d); XRD patterns of samples prepared with

zinc nitrate with different hydration water contents (¢); FESEM images (f-h) and TEM images (i-k)

of samples prepared with zinc nitrate with different hydration water contents as the precursors:

zinc nitrate monohydrate (f, i), anhydrous zinc nitrate (g, j), and anhydrous zinc nitrate with

additional water (h, k).
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Fig. S4 FESEM images (a-i) and TEM images (j-o) of ZIF-8 samples obtained in different

solvents: methanol (a), ethanol (b), 1-propanol (c¢), 1-butanol (d, j), 1-pentanol (e, k),

1-hexanol (f, 1), 1-heptanol (g, m), 1-nonanol (h, n), and 1-decanol (i, o).
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Fig. S5 XRD patterns of ZIF-8 samples obtained in different solvents (a) and prepared with

different 2-MeIM/Zn?* molar ratios (b).
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Fig. S6 FESEM images of ZIF-8 samples prepared with different 2-MelM/Zn?" molar ratios: 96:

1 (a), 80: 1 (b), 64: 1(c), 48: 1 (d), 32: 1 (e), 16: 1 (), 8: 1 (g), 4: 1 (h), and 2: 1 (i).

In this work, the change of 2-MeIM/Zn?'ratio is realized by changing the concentration of

zinc nitrate-hexahydrate with fixed 2-MeIM concentration.

S14



Fig. S7 FESEM images of HZIF-8 obtained with different concentrations of Zn?* (the molar ratio

of 2-MeIM/Zn?"is 64: 1): 3.9 (a), 7.8 (b), 11.7 (¢), 15.6 (d), and 19.5 mol/L (¢); The

30
20 (degree)

corresponding XRD patterns (f).
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Fig. S8 CO,-TPD patterns of HZIF-8 and SZIF-8.
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Fig. S9 Dynamic breakthrough curves of CO,/N, over HZIF-8 and SZIF-8.

As displayed in Fig. S9, N, is the first component to break through the fixed bed, indicating

that N, is hardly adsorbed by ZIF-8. Interestingly, the breakthrough amount of CO, over HZIF-8

is less than that over SZIF-8, which indicates that HZIF-8 possesses good selective adsorption

performance for CO, as compared to SZIF-8. The results match well with the pure CO, and N,

uptakes (Fig. 3a).
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Fig. S10 TEM images and elemental mapping images of PdA@HZIF-8 (a, ¢) and Pd@SZIF-8 (b, d).
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Fig. S11 FESEM image (a), TEM image (b), XRD patterns (c) and particle size distribution (d) of

HZIF-Zn/Co.
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Fig. S12 FESEM images of HZIF-0.6-6 (a), HZIF-0.9-6 (b), HZIF-1.2-6 (¢), HZIF-1.5-6 (d),

HZIF-2.4-6 (e), and HZIF-3.6-6 (f).

At fixed concentration of Co(NO;),"6H,O and hydration number, the droplet size is

consistent. When using low concentration of imidazole, due to the short nucleation time and long

growth time of ZIF-67 granules, a few of ZIF-67 granules with large particle size are formed,?

which are not enough to form a complete HZIF-x-y sphere without holes (Fig. S12a). When the

concentration of imidazole reaches 3.6 mol/L, a large number of scattered ZIF-67 granules appear

in the sample, which may be induced by the fast nucleation (Fig. S12f).#
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Fig. S13 TEM images of HZIF-0.6-6 (a-1, a-2), HZIF-0.9-6 (b-1, b-2), HZIF-1.2-6 (c-1, c-2),
HZIF-1.5-6 (d-1, d-2), HZIF-2.4-6 (e-1, e-2), and HZIF-3.6-6 (f-1, {-2). The inset is the shell

thickness of corresponding HZIFs.

When the concentration of imidazole increases, the morphology changes from large intact
and broken spherical particles with holes on the surface to smaller intact spherical particles, and
then to a mixture of a large number of scattered irregular particles and a few of spherical particles
(Figs. S12 and S13).

The shell thickness rises with increasing imidazole concentration (Fig. S13), because high

imidazole concentration causes more ligand molecules to diffuse more quickly into the droplets to

react with Co?*.
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Fig. S14 TEM images of HZIF-0.6-6 (a-1), HZIF-0.9-6 (b-1), HZIF-1.2-6 (c-1), HZIF-1.5-6 (d-1),
HZIF-2.4-6 (e-1), and HZIF-3.6-6 (f-1); diameter distribution of HZIF-0.6-6 (a-2), HZIF-0.9-6 (b-

2), HZIF-1.2-6 (c-2), HZIF-1.5-6 (d-2), HZIF-2.4-6 (e-2), and HZIF-3.6-6 (£-2).

When the concentration of imidazole increases, the particle size of ZIF-67 granules becomes
smaller and the particle size of HZIF-x-y also decreases. With the further increase in the imidazole
concentration, the particle size of ZIF-67 granules basically remains unchanged due to limited

metal ions in 1-octanol, and as a result, the size of HZIF-x-y also remains unchanged (Fig. S14).
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Fig. S15 XRD patterns of HZIFs (a), HCNs (b), and PA@HCNs (c); Raman spectra of HCNs (d).
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Fig. S16 FESEM images of HCN-0.6-6 (a), HCN-0.9-6 (b), HCN-1.2-6 (c), HCN-1.5-6 (d),

HCN-2.4-6 (e), and HCN-3.6-6 (f).
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Fig. S18 FESEM images of PdA@HCN-0.6-6 (a), PdA@HCN-0.9-6 (b), PdA@HCN-1.2-6 (c),

Pd@HCN-1.5-6 (d), PA@HCN-2.4-6 (¢), and PA@HCN-3.6-6 (f).
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Fig. 19 TEM images of PdA@HCN-0.6-6 (a), PdA@HCN-1.2-6 (b), and PdA@HCN-2.4-6 (¢);

HAADF and elemental mapping images of PA@HCN-0.6-6 (d), PA@HCN-1.2-6 (e), and

Pd@HCN-2.4-6 (f). Scale bars in the images: 50 nm.
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Fig. S20 XPS results and survey spectra (a), N 1s spectra (b), N-species content (c), and Pd 3d

spectra (d) in PA@HCNs catalysts.
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Fig. S21 'H-NMR of the major product.
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Fig. S22 3C-NMR of the major product.
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Fig. S23 'H-NMR of the by-product.
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Fig. S25 Typical GC analysis of the reaction mixture of phenol hydrogenation.

According to the NMR results (Figs. S21 and S22), 'H-NMR (400 MHz, CDCl;) § = 2.33-

2.30 (m, 4 H), 1.87-1.81 (m, 4 H), 1.73-1.67 (m, 2 H) and '*C-NMR (400 MHz, CDCL3) § =

212.40 (1C), 42.08 (2C), 27.11 (2C), 25.07 (1C), we can confirm that the major product of

selective phenol hydrogenation is cyclohexanone. According to the NMR results (Figs. S23 and

S24), 'H-NMR (400 MHz, CDCl3) § = 3.62-3.55 (m, 1 H), 1.90-1.85 (m, 2 H), 1.75-1.69 (m, 3 H)

1.55-1.50 (m, 1 H) 1.32-1.18 (m, 5 H) and *C-NMR (400 MHz, CDCl;) & = 70.42 (1C), 36.09

(20), 25.52 (2C), 24.24 (1C), we can confirm that the by-product of selective phenol

hydrogenation is cyclohexanol. The concentrations of phenol and cyclohexanone in the reaction

mixture were obtained according to the GC results (Fig. S25), and then the phenol conversion and

cyclohexanone selectivity were calculated.
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Table S1 Porous properties of HZIF-8 and SZIF-8

SBET Smeso/ SBET Vpore Vmeso/v pore
Samples

(m?/g) (%) (cm?/g) (%)
HZIF-8 1365 20.3 1.02 57.2
SZIF-8 1376 1.1 0.51 3.9
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Table S2 Comparison of CO,, CHy4, N, and H; adsorption capacities of ZIF-8 synthesized in this

study and reported in literature

Gas adsorption capacity (mmol/g)?

Samples References
CO; CHy4 N, H,

HZIF-8 1.37 0.48 0.11 0.09 This work
SZIF-8 0.63 0.27 0.10 0.08 This work
ZIF-8 0.66 0.24 [5]
ZIF-8 0.65 0.25 0.05 0.007 (6]
ZIF-8 0.67 0.25 0.09 [7]
ZIF-8 0.89 0.11 (8]
ZIF-8 0.50 0.25 0.13 9]
ZIF-8 0.90 0.20 0.07 [10]
ZIF-8 0.67 0.22 0.13 [11]
ZIF-8 0.89 0.53 0.15 0.02 [12]
ZIF-8 0.83 0.09 [13]
ZIF-8 0.76 0.27 0.09 [14]
ZIF-8 0.70 0.07 [15]
ZIF-8 0.75 0.14 [16]
ZIF-8 0.73 [17]
ZIF-8 0.82 0.25 0.1 [18]
ZIF-8 0.46 [19]
ZIF-8 0.60 0.06 [20]
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ZIF-8 0.85 [21]

ZIF-8 0.70 0.25 [22]

2 The gas adsorption capacity was evaluated at 25 °C and 1 bar.
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Table S3 Porous properties of PdA@HZIF-8 and Pd@SZIF-8

SBET Smeso/ SBET Vpore Vmeso/v pore
Samples
(m?/g) (%) (cm?/g) (%)
Pd@HZIF-8 1341 25.5 1.07 67.7
Pd@SZIF-8 1627 1.9 0.63 7.9
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Table S4 Catalytic performance of different catalysts for the hydrogenation of nitroarenes

Entry Substrates Catalysts Con. (%) Products
NO, Pd@HZIF-8 93.4 NH,
1a
Pd@SZIF-8 83.5
NO, Pd@HZIF-8 100 NH,
2b OH OH
Pd@SZIF-8 24.6
NO, NH,
Pd@HZIF-8 62.3
30
Pd@SZIF-8 56.5
> N
o 6}
N0 PA@HZIF-8 71.0 NH
4d
Pd@SZIF-8 58.7
HO 6] HO ¢}

2 Reaction conditions: substrate 0.15 g, catalyst 0.015 g, NaBH, 0.2 g, water 10 mL, ethanol 10

mL, 30 °C, 5 min.

b Reaction conditions: substrate 0.1 g, catalyst 0.03 g, NaBH, 0.33 g, water 10 mL, ethanol 10 mL,

30 °C, 30 min.

¢ Reaction conditions: substrate 0.2 g, catalyst 0.01 g, NaBH,4 0.1 g, water 10 mL, ethanol 10 mL,

30 °C, 20 min.

d Reaction conditions: substrate 0.15 g, catalyst 0.01 g, NaBH, 0.1 g, water 10 mL, ethanol 15 mL,

30 °C, 30 min.
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Table S5 Pd loading of the catalysts

Samples Pd loading (wt.%)
Pd@HZIF-82 4.13
Pd@SZIF-8 0.82
Pd@HZIF-8° 3.78

2 The theoretical Pd content is 4.3 wt.%.

b The recovered PA@HZIF-8 after eight reaction cycles.
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Table S6 Textural properties of HCNs

SBET Smeso Vtotal Vmeso
Samples
(m?/g) (m?/g) (cm¥/g) (cm?/g)
HCN-0.6-6 338.6 153.1 0.411 0.345
HCN-1.2-6 411.2 248.0 0.511 0.431
HCN-2.4-6 400.3 181.4 0.470 0.353
HCN-3.6-6 492.4 223.2 0.570 0.459
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Table S7 Element content in PA@HCN catalysts

Samples Co (Wt.%) Pd (wt.%)
Pd@HCN-0.6-62 3.83 1.25
Pd@HCN-0.9-62 3.74 1.38
Pd@HCN-1.2-62 3.39 1.49
Pd@HCN-1.5-6? 3.82 1.39
Pd@HCN-2.4-62 3.92 1.28
Pd@HCN-3.6-62 3.68 1.37
Pd@HCN-1.2-6° 3.25 0.53
Pd@HCN-1.2-6¢ 3.57 2.83
Pd@HCN-1.2-64 3.29 3.31

a The theoretical Pd content is 2 wt.%.

b The theoretical Pd content is 1 wt.%.

¢ The theoretical Pd content is 3 wt.%.

d The theoretical Pd content is 4 wt.%.
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Table S8 Catalytic performance of various Pd-based catalysts applied to the phenol hydrogenation

Reaction conditions

Npg:Nphenol Conversion Selectivity TOFs
Catalysts Temperature Time Pressure References
(%) Solvent (%) (%) (hh
(°O) (h) (MPa)

Pd-chitin-150 4.2 90 2 0.1 Water 100 100 11.8 [23]
Pd/Z5(30)-33 1.5 25 24 0.1 Water 100 98 2.7 [24]
Pd/Ce0, 4.6 35 4 0.1 Hexane 94.1 90.8 4.6 [25]
Pd@CND 6.3 80 1 0.1 Water 96.9 94.1 14.5 [26]
a1 PdA/HAP-SSD 5.0 85 1 0.1 Water 73.5 100 14.7 [27]
Na-Pd/TiO, 0.4 80 6 0.1 Water 99 99 37.1 [28]
Pd(6.42%)/NCNs 4.8 80 4 0.1 Water 80 99 4.1 [29]
0.07-Pd/PNCM-800 10.0 80 3 0.1 Water 99 99.3 3.3 [30]
Pd@CN@Ti0,-8-450 3.2 80 1 0.1 Water 98 98.3 30.1 [31]
Pd/TNWs 0.5 50 5 0.5 Water 100 99 421 [32]
Pd@HMSNs 3.2 55 4 0.1 Water 99 98.3 7.6 [33]
Pd/pol-NH, 5.0 100 4 0.1 Water 99.5 99.5 5.0 [34]
Pd@CN(1:3)-650 0.16 80 2 0.1 Cyclohexane 94 94.7 278.2 [35]
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Pd@KL 0.8 60 11 1 Dichloromethane 99.2 94.8 11.1 [36]
ACNpq 6.6 100 5 1 Dichloromethane 100 99.1 3.0 [37]

Pd@HCN-1.2-6 1.9 100 0.5 0.1 Cyclohexane 94.7 94.8 95.2 This work

TOFs are calculated by moles of cyclohexanone/ (moles of Pd*reaction time).
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Table S9 Catalytic performance of different catalysts for the hydrogenation of phenol derivatives

Entry Substrates Catalysts Con. (%) Major products Sel. (%)
OH Pd@HCN-1.2-6 49.7 Q 97.4
1a
Pd@HCN-2.4-6 38.9 96.4
OH Pd@HCN-1.2-6 63.6 O 92.3
2a
Pd@HCN-2.4-6 52.2 97.4
OH 0
Pd@HCN-1.2-6 89.3 91.7
32
Pd@HCN-2.4-6 75.5 95.6
OH 0
Pd@HCN-1.2-6 100 30.1
4b
Pd@HCN-2.4-6 100 17.0
OH o}
OH Pd@HCN-1.2-6 94.3 0 97.0
e! Q.
NH, Pd@HCN-2.4-6 79.7 NH, 97.9
OH Pd@HCN-1.2-6 73.2 0 52.8
Pd@HCN-2.4-6 52.8 49.0
OH Pd@HCN-1.2-6 63.0 0 94.3

Pd@HCN-2.4-6 56.1 913

a Reaction conditions: 1 wt. % substrate cyclohexane solution 5 mL, catalyst 0.03 g, 0.1 MPa H,,

2.8 wt.% Pd, 100 °C, 60 min.

b Reaction conditions: 1 wt. % substrate water solution 5 mL, catalyst 0.03 g, 0.1 MPa H,, 2.8 wt.%
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Pd, 80 °C, 30 min.

¢ Reaction conditions: 1 wt. % substrate water solution 5 mL, catalyst 0.03 g, 0.1 MPa H,, 2.8 wt.%

Pd, 80 °C, 720 min.
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