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Formation and catalytic activity of palladium nanoparticles inside metal-organic
framework

The sample of UiO-67 metal-organic framework functionalized by palladium was loaded in
1.5 mm glass capillary and heated in the 50 ml/min flow of 6% H, in He (47 ml of He and 3
ml of H2), from room temperature to 350 °C ramp 5°/min. The amount of sample was about
10 mg. We repeated this activation procedure twice (on different samples).

During one ramp we measured only EXAFS, and we see progressive formation of Pd
particles, that can be seen from Fourier-Transforms shown in Figure 1.
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Figure 1. FT-EXAFS during formation of Pd particles inside UiO-67.

The single-shell Fourier-analysis of the resulting spectrum taken after activation and cooling
down in 6%H,/He gives the Pd-Pd interatomic distance Rpgpq = 2.79 = 0.01 A, with respect to
2.74 for bulk Pd, which indicates that the nanoparticles are in the Pd-hydride phase. After
flowing He the interatomic distance to 2.75 + 0.01 A. The determined coordination number is
8.5 + 1.0 with respect to 12 for bulk Pd, which indicates the formation of small particles.
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Figure 2. Phase uncorrected FT-EXAFS of UiO-67-Pd before (black) and after (red) activation
in Hy in comparison with bulk Pd (blue) and Pd nanoparticles on carbon with d~2.6 nm
(orange).



In the non-activated material palladium is coordinated with both N and CI atoms, as shown in
figure 3, with Rpg.n = 2.05 A and Rpg ) = 2.29 A. More detailed analysis will be done on the

spectra measured for the pelletized sample.
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Figure 3. EXAFS analysis of the initial sample.

The linear combination fit of XANES spectra was performed using two reference states
obtained in He before and after activation.
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Figure 4. Evolution of the Pd nanoparticle fraction as a function of activation temperature,
obtained from linear combination fitting.

In addition, during another ramp we collected both EXAFS and XRD, which is very interesting
to be analyzed, because in the XRD patterns we also have an indication of Pd particle formation
as very weak and smooth features are starting to appear exactly at the scattering angles which

correspond to fcc Pd.
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Figure 5. XRD data for UiO-67-Pd before (RT) and after (350 C) activation.

After formation of the nanoparticles we tested the catalytic activity of the sample in reaction of
ethylene hydrogenation. This reaction was not performed on the material before activation. At
80 °C the conversion was very high, at 20 °C it was almost 0. The most interesting thing was
that we found that after exposure to hydrogen and ethylene palladium nanoparticles form
hydride and carbide phases similar to that we previously observed for 2.6 nm nanoparticles

supported on carbon.
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Figure 6. (a) XANES spectra of the activated sample after cooling down in He (black), exposure
to H2 (blue) and to H2+C2H4 (red). The scale for the difference spectra is different and is
shown on the right axis. (b) XANES spectra for Pd/C catalyst taken in similar conditions,
published in Catal. Today, 2017, 119-126.



