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Experimental Section

Chemicals: All chemicals and solvents are commercially available from local suppliers, and
used without further purification. Deionized water was obtained in our laboratory.

Characterizations: powder X-rays diffraction (PXRD) was carried out on a PANalytical
Empyrean diffractometer operated at 45 kV and 40 mA with the canning rate of 0.02° per step.
N> adsorption-desorption isotherms were analyzed on a 3Flex Micromeritics adsorption
instrument. Prior to analysis, all samples were activated at 160 °C for 8 h. High angle annular
dark-field (HAADF) imaging and associated energy dispersive spectrum (EDS) analyses were
performed on ARM 200CF equipped with a probe corrector and dual solid silicon drift (SSD)
detectors. The TEM is operated at 200 kV. Elemental analysis of all samples was performed
by inductively coupled plasma atomic emission spectroscopy (ICP-AES) by the Optima 2100
DV spectrometer (PerkinElmer Corporation). X-ray photoelectron spectroscopy (XPS) was
conducted in ESCALab 250Xi (Thermo Scientific, USA), and the obtained data were
analyzed by Casa XPS software. The Ru K edge X-ray absorption spectra were collected at
the 8-1D (ISS) beamline of the National Synchrotron Light Source Il (NSLS-II) of the
Brookhaven National Laboratory (BNL). The samples were smeared and sealed in the
Kapton™ tape and collected using the fluorescence mode using a passivated implanted planar
silicon (PIPS) detector. The collected spectra were treated and fitted using the Ifeffit software
package.

Catalytic transfer hydrogenation (CTH) of acetophenone: A certain amount of
acetophenone (100 mg) and catalysts (10 mg) together with 3.5 mL isopropanol were added
simultaneously into 8 mL stainless steel autoclave. The sealed autoclave was purged three
times with N2 to remove air. After reaction at required reaction temperature and time, the
reactor was cooled down by cold water to room temperature. Thereafter, the liquid products

were collected and analyzed by gas chromatography.
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Calculation details

All DFT calculations were performed using the Gaussian 09 program package.l! The
geometry optimizations were carried out by using B3LYP hybrid functional with LANL2dz
pseudopotentials for Ru and I, and 6-31G(d) basis sets for other elements. The binding
strengths were evaluated based on binding energies by using M06-2X hybrid functional with
SDD basis sets for Ru and I, and 6-311++G(d, p) for other elements, respectively. The basis

set superposition error (BSSE) was computed by the counterpoise method. %!
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Table S1. XPS elemental analyses results

Samples C N | Ru Cl

CTF 80.8 17.6 ~ ~ 1.6
CTF-I 78.7 19.3 1.9 ~ ~
Ru-CTF-900  93.1 6.1 ~ 0.8 ~
Ru-CTF-1-900 92.7 6.6 ~ 0.6 ~

The composition ratio (atomic %) for CTF, CTF-I, Ru-CTF-900 and Ru-CTF-1-900 samples.
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Table S2. Summary of pore parameter for CTF, CTF-1, Ru-CTF-900 and Ru-CTF-1-900

samples using N2 adsorption-desorption isotherms at 77 K.

Samples SgeT Pore volume  Average pore size  Ru loading
migiye @M g (nm): (wt 96"
CTF 1058 0.57 2.1 ~
CTF-I 608 0.33 2.1 ~
Ru-CTF-900 507 0.26 2.1 1.2
Ru-CTF-1-900 2212 1.12 2.0 0.8

aSpecific surface area calculated using the BET equation.
bSingle point adsorption total pore volume of pores.
¢Adsorption average pore diameter (4V/A by BET).
dDetermined by ICP-OES result.
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Table S3. R space fitting results from Ru K-edge for Ru-CTF-1-900, Ru-CTF-900 and Ru foil

samples
Samples Path Coordination ~ Bond length c?/103

number (A)

Ru-CTF-1-900 Ru-N 2.9+/-0.9 1.93+/- 4.0

Ru-O 1.0+/-0.5 2.08+/- 4.0

Ru-Ru 1.3+/-0.2 2.67+/- 6.0

Ru-CTF-900 Ru-Ru 7.2+/-2.6 2.67+/- 4.0
Ru foil Ru-Ru S02=0.86 2.677
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Table S4. The reuse performance of Ru-CTF-1-900 and Ru-CTF-900 on transfer

hydrogenation of acetophenone

Usage Catalysts T/°C  Time/h Conversion/% Yield of 1-
time phenylethanol/%
1 Ru-CTF-1-900 120 24 76.0 74.8
2 Ru-CTF-1-900 120 24 76.7 75.3
3 Ru-CTF-1-900 120 24 74.9 734
1 Ru-CTF-900 120 24 32.2 28.1
2 Ru-CTF-900 120 24 313 28.0
3 Ru-CTF-900 120 24 30.9 274
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Figure S1. HAADF TEM image of Ru-CTF-900 sample.
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Figure S2. TEM image of Ru-CTF-900 and the corresponding EDS mapping for Ru, C and N.
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Figure S3. XRD pattern of (a) CTF-1-900 sample obtained after direct pyrolysis of CTF-I at

900 °C in N2 atmosphere and (b) Ru-CTF-900 with lower Ru loading of ~0.6 wt%.
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Figure S4. XPS survey spectra of CTF, CTF-I, Ru-CTF-900 and Ru-CTF-1-900 samples.
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Figure S5. XPS 13d spectrum of CTF-1 sample.
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Figure S6. N1s XPS spectrum of CTF-1 sample.
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Figure S7. Ratios of Nriazine, Ncyano and Ngraphitic in CTF, CTF-1, Ru-CTF-900 and Ru-CTF-I-

900 samples obtained from XPS results.
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Figure S8. TEM images of Ru-CTF-1-900.
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Figure S9. XRD pattern of Ru-AC-900 sample
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Figure S10. XRD pattern of Ru-CTF-900 sample with K4s[Ru(CN)e] as the impregnation

precursor

In order to eliminate the influence of metal precursors for Ru SACs and NPs in Ru-
CTF-1-900, K4[Ru(CN)e] instead of RuCls was impregnated on CTF to obtain a new Ru-CTF-
900 catalyst after pyrolysis at 900 °C. However, the sharp diffraction peaks ascribed to
metallic Ru are observed from XRD pattern (Figure S10, Supporting Information), which

further confirms the superiority of our charge-modulated strategy.
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Figure S11. XRD pattern of Ru-CTF-1-900 after used for three times
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