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Report: 

I. Palladium hydride phase diagram for Pd/C nanoparticles 

The main results of the measurements concerning Pd-hydride phase diagrams complemented 

with the results of the beamtime CRG 01-01  971 (Oct 2014) were presented at XAFS16 

conference and submitted to Journal of Physics: Conference Series. The extended version of 

the manuscript is in preparation.  

 
Figure 1. Results of EXAFS and XRD analysis. 



 

 

The work represent a comprehensive study of the 

Pd hydride phase formation at different 

temperatures from -10 to 120 °C in the pressure 

range from 0 to 10 bar. At each point of the (P,T) 

space XRPD and EXAFS data was measured. 

Rietveld analysis of the XRPD data allowed to 

obtain cell parameters and concentration of bare 

and hydride phases. Single-shell analysis of 

EXAFS provided the evolution of Pd-Pd 

interatomic distances, which is in perfect 

agreement with XRPD results. All results are 

summarized in figure 1, where scatters represent 

experimental points. The results were 

complemented by laboratory BET measurements 

(Figure 2) which allows to estimate the hydrogen 

loading in the sample. 

 
Figure 2. Comparison of XRD results 

with volumetric measurements at RT. 

 

II. Temperature-dependent hydrogen desorption kinetics in Pd/C nanoparticles 

We applied powder XRD to study the process of H2 desorption in carbon supported Pd 

nanoparticles. The data was collected by 2D image plate at BM01B of ESRF. The setup 

allowed to collect reliable data with temporal resolution of 3 shots per second. We studied the 

kinetics at in the temperature range from -10 to 30 °C. The sample was initially exposed to 

300 mbar of hydrogen that is quite above the beta-phase formation region (10-20 mbar) for 

all the studied temperatures. The evacuation of hydrogen was performed by opening the valve 

which connects the capillary with vacuum pump (we did not estimate the speed of 

outgassing). For all the temperatures desorption process saturates in less than 10 seconds. 

 
Fig.3. Time evolution of the XRD patterns during hydrogen desorption at -10 °C. 



 

The obtained XRD patterns were refined in Java2006 program using 2 palladium phases. The 

cell parameters of α- and β- phases and their relative concentration was determined (fig.4). 

 
Fig.4. Results of Rietveld refinement of the XRD obtained during H2 desorption at -10 °C. 
 

The averaged cell parameter normalized to (0,1) is used to describe the kinetics of the 

process, shown in figure 5.  

 
Figure 5. Temperature-dependent hydrogen desorption kinetics in Pd/C nanoparticles. 



III. Determination of the active phase of the catalyst during hydrogenation of ethylene. 

We investigated how the catalytic performance of the palladium nanoparticles is affected by 

the formation of hydride and carbide phases. Mass-spectrometer was connected to the outlet 

of the capillary to monitor the conversion level. Figure 6 (left) shows how the fluxes of 

hydrogen and ethylene had been changing during the experiment. The grayscale reflects the 

conversion level (white – 0, black – 100%). 

 
Figure 6. Left: Experimental conditions. Right: Changes of conversion depending on the 

structure of the nanocatalysts. 

 

 

As indicated in figure 6 (right) an important result is that the conversion level increases when 

the sample is in pure and carbide states comparing with its hydride state.  

 


