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Preparation of the Reactors

Hydroxypropy! cellulose (HPC, Sigma Aldrich, average Mw approximately 80 kDa, 20 mesh), SiO, (Evonik Aerosol
200), Al,O3 (Evonik Aeroxide Alu 130), TiO, (Degussa Aeroxide P25), CeO, (Fluka AG), chloro-1,5-cyclooctadiene
iridium dimer (Strem, 99%), chloro-1,5-cyclooctadiene rhodium dimer (Strem, 98%),
tris(dibenzylideneacetone)dipalladium (Strem) and tris(dibenzylideneacetone)platinum(0) (Strem, 98%) were used
to prepare porous reactive coatings on glass tube reactors decorated with metallic nanoparticles.

HPC (218 mg) was dissolved overnight in 2.5 mL of ethanol. Separately, the respective amount of an oxide (0.5 g
of TiO,, 1 g of CeO, and 0.25 g of Al,O; or SiO,) was suspended in 2.5 mL of ethanol and combined with the HPC
solution. The obtained paste was stirred for 2 hours followed by a 15 min sonication in an ultrasonic bath. The
deposition of the paste on glass tubes (& 5 mm) was performed by drop casting of approximately 200 L of the
paste on the rotating tube (1000 rpm). Obtained samples were calcined for 1 hour at 500 °C and stored in air.
Solutions of [(COD)RhCI], and [(COD)IrCl], were deposited from acetonitrile and solutions of Pd,(dba); and
Pt(dba); from acetonitrile : dichloromethane (1:1) mixture (27.5 uM). Solutions were deposited manually to produce
arbitrary patterns of the oxide films deposited on glass tubes using a micropipette in air, using optimal amounts of
the metal determined previously.' Overall, 16 reactors were tested in the hydrogenation reaction of 1,3-butadiene.
The reactors contained nanoparticles of Rh, Ir, Pt, and Pd, supported on TiO,, CeO,, Al,O3 or SiO,.
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Figure S1. Photographs of reactors with catalytic coatings (16 compositions) after heterogeneous catalytic hydrogenations of 1,3-
butadiene.



Transmission Electron Microscopy Characterization

The support-glass interface was studied for all 4 oxide coatings using a scanning electron microscope JSM-6460
LV (Jeol, Japan). The images were obtained using secondary electrons (SE) at beam energy 20 keV.

TEM characterization of the catalytic coatings (Ir, Rh, Pd and Pt) was performed using silica as a representative
support after the reduction in H, but before any catalytic tests. The images were collected using a JEM 2010
electron microscope (JEOL, Japan) with an accelerating voltage of 200 kV and line to line resolution of 0.14 nm.

Figure S3. Representative TEM images of the Rh/SiO, reactive coating.

Figure S4. Representative TEM images of the Pd/SiO; reactive coating.



Figure S5. Representative TEM images of the P/SiO, reactive coating.
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Figure S6. Particle size distribution of the respective reactive coatings.

X-Ray Photoelectron Spectroscopy Characterization

The XPS experiments were performed on a SPECS spectrometer equipped with a PHOIBOS-150 hemispherical
energy analyzer and the X-Ray source with double Al/Mg anode. In the present work the AlKa (hv = 1486.6 eV,
200 W) was used as a primary irradiation. The binding energy (BE) scale was pre-calibrated using positions of
Audfs, (BE = 84.0 eV) and Cu2ps, (BE = 932.67 eV) core level peaks. The samples were supported onto double-
sided conducting copper scotch tape. For the survey the pass energy of the analyzer of 50 eV was used and for
the narrow spectral regions it was 20 eV. The atomic ratios of elements on the catalyst surface were calculated
from the integral photoelectron peak intensities which were corrected with theoretical sensitivity factors based on
Scofield's photoionization cross sections.2 The binding energy was calibrated by position of the Al2p peak (BE =
74.5 eV), Si2p peak (BE = 103.3 eV), Ti2ps, peak (BE = 458.8 eV) and Ce3d (BE = 916.7 eV) corresponding to
AIR* in Al,O3, Si** in SiO,, Ti** in TiO, and Ce** in CeO,, respectively.® Spectra analysis and peak fitting were
performed with XPSPeak 4.1 software.* Analysis of BE and shapes of photoelectron spectra of active components
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(Ir4f, Pt4f and Pt4d, Rh3d, Pd3d) has shown the presence of two states for all samples: metallic and oxidized. For
Ir supported samples the Ir4f;, BE are 60.7+0.1 and 61.9+0.1 eV, respectively.56 For Pd supported samples the
Pd3ds,, BE are 335.1+0.2 and 336.5+0.2 eV, respectively.”® For Pt supported samples the Pt4f;,, BE are 71.3+0.2
and 72.5+0.2 eV, respectively.'%-'2 For Rh supported samples the Rh 3ds, BE are 306.9+0.2 and 308.5+0.2 eV,
respectively.'3.14

Table S2 shows the metal/support atomic ratios calculated from XPS spectra.

Table S1. Metal/support atomic ratios calculated from the XPS data.

Coating
Support Description
Ir Rh Pd Pt
Al,O4 Before reaction Ir/Al = 0.015 Rh/Al = 0.015 Pd/Al = 0.0 Pt/Al = 0.002
Al,O, After reaction Ir/Al = 0.008 Rh/Al = 0.011 Pd/Al = 0.002 Pt/Al = 0.001
SiO, Before reaction Ir/Si = 0.003 Rh/Si = 0.004 Pd/Si = 0.006 Pt/Si = 0.003
SiO, After reaction Ir/Si = 0.007 Rh/Si = 0.006 Pd/Si = 0.003 Pt/Si = 0.005
CeO, Before reaction Ir/Ce = 0.04 Rh/Ce = 0.44 Pd/Ce =0.03 Pt/Ce = 0.03
CeO, After reaction Ir/Ce = 0.06 Rh/Ce = 0.21 Pd/Ce = 0.026 Pt/Ce = 0.02
TiO, Before reaction Ir/Ti = 0.065 Rh/Ti = 0.05 Pd/Ti = 0.004 Pt/Ti = 0.006
TiO, After reaction Ir/Ti =0.07 Rh/Ti=0.03 Rh/Ti=0.012 Pt/Ti = 0.005

Signal-to-noise Ratio (SNR) of NMR Spectra Obtained during 1,3-
Butadiene Hydrogenation

SNRs were calculated by dividing the highest signal of the reaction product by the noise level defined using
TopSpin.

Table S2. SNR of the different catalysts.

COATING
w Ce0, Si0, TiO, Al,0;
<|:J Ir 186 220 128 103
x Rh 302 180 115 94
§ Pd 86 26 290 122
< Pt 8 30 5 26




MRI Experiments with n-H,
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Figure S7. Hydrogenation of 1,3-butadiene over a) Ir/SiO, and b) Rh/CeOQ, catalysts with normal hydrogen (1,3-butadiene : H, ratio = 1:4,
5.1 mL s~ flow rate, 130 °C) as followed by MRI. Top panels: distribution of intensities of MRI signals in the working reactor along its length.
Bottom panels: NMR spectra obtained during hydrogenation of 1,3-butadiene at high field of the spectrometer. Right panel: plots of
distribution of the reaction products along the length of the reactor.

MRI experiments with the presence of Teflon tube
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Figure S8. MRI experiments with a) Ir/SiO, and b) Rh/CeO, catalysts in 1,3-butadiene hydrogenation with parahydrogen with the Teflon
tube hydrogen (1,3-butadiene : p-H, ratio = 1:4, 3.8 mL s™' flow rate, 130 °C). Top panels: distribution of intensities of MRI signals in the
working reactor along its length. Bottom panels: NMR spectra obtained in PASADENA conditions. Chemical shifts marked with the prime
correspond to NMR signals of 1,3-butadiene in the area with the Teflon tube. Right panel: plots of distribution of the reaction products
along the length of the reactor.

MRI experiments with increased contact time
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Figure S9. MRI experiments with a) Ir/SiO, and b) Rh/CeO, catalysts in 1,3-butadiene hydrogenation (1,3-butadiene : p-H, (or n-H,) ratio
=1:4, 1.3 mL s™" flow rate, 130 °C) with p-H, and n-H, respectively. Top panel: MRI of the products distribution along the reactor length.
Bottom panel: NMR spectrum obtained during hydrogenation of 1,3-butadiene at high field of the spectrometer. Right panel: distribution of
the reaction products along the NMR tube.
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