
Supporting Information

for

Angew. Chem. Int. Ed. Z53235

© Wiley-VCH 2004

69451 Weinheim, Germany



In situ investigations into chemical processes by electron energy 
resolved X-ray absorption spectroscopy 
 
Antje Vollmer, John D. Lipp, Helmut Weiss, Rachel O’Malley, and Trevor Rayment* 
 
 
All experiments were carried out at beamline 9.3 of the electron storage ring at the CCLRC 

Daresbury Laboratory (UK), operated in multi bunch mode. The monochromator is a double-crystal 

Si(111) monochromator; data were acquired up to k =14Å-1, with k being the wave vector of the X-

ray excited copper photoelectron. The incident X-ray flux was monitored with an ion chamber filled 

with an Ar/He mixture exhibiting 20% absorption at the Cu-K-edge. For each energy step of the 

EXAFS scan a pulse height distribution (PHD) was measured with a fast 1 MHz multichannel 

analyzer (MCA) electronics and stored on the data acquisition computer.  

The detector assembly has been described in detail elsewhere1. High precision sample movement 

and adjustment was accomplished by a z,ϕ -stage, allowing an inclination angle of 0 to 10 degrees 

of the sample with respect to the incoming x-ray beam. The spot size of the X-ray beam at the 

sample was 100 µm (height) by 6 mm (width), illuminating an area of 11.4 mm2 with the sample 

inclined at 3° with respect to the incoming X-ray beam. A constant gas flow of 100ml/min through 

the vessel was maintained throughout all measurements. 

a. Variable temperature studies  

Most catalytic reactions take place at elevated temperatures and though the detector plate is 

mechanically robust its electrical response is rather temperature sensitive and the separation 

between the sample and detector is only 10mm. In order to keep the detector plate close to room 

temperature, it was fixed to a heavy water cooled block (via a ceramic electrical insulator that had a 

high thermal conductivity). These devices are also very sensitive to electrical noise. The sample 

holder designed as shown in figure 1 had a low thermal mass and was also mechanically stable. As 

a result, the sample could be heated with a low-power DC power supply that introduced 

insignificant electrical noise into the detector. Experiments were successfully carried out for sample 

temperatures up to 300°C without the need to alter the sample alignment or other parameters.  
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Figure 1: Schematic diagram of the sample holder for experiments at temperatures up to 300°C. 

The sample is heated by a platinum heater printed onto alumina and electrically isolated from the 

sample by a mica sheet. The heated sample block is attached to a standard CF flange and also 

thermally and electrically isolated by two rigid silica rods. For these experiments, the detector plate 

is also water cooled (not shown).  

 

The sample used in the reduction experiment consists of a copper oxide powder, that was pressed 

into a gold plated sample holder shown in figure 1. The detector was operated under standard 

conditions, a drift voltage of -1500V, the cathode potential at -555V and the anode strip on ground 

potential.  

 

b. In-situ electrochemical experiments 

Although GMSD systems have been found to operate well in the presence of water vapour, a wet 

sample chamber in the presence of high voltages is also potentially hazardous. Surface leakage 

currents were reduced by the use of gas only partly saturated with water vapour and a detector plate 

that was slightly warmed. Only with these precautions it was possible to conduct experiments upon 

samples electrochemically prepared in situ 

For the combination of electrochemistry and EXAFS Ni(OH)2 was electrochemically deposited 

from aqueous 0.1 molar Ni(NO3)2 solution onto a Ni plate. The deposition was carried out for 20 

minutes at -1V against a saturated calomel electrode, as a counter electrode platinum foil was used. 

The solution was then drained to an extent that permitted potential control of the sample. To avoid 

the sample drying out and disturbance of the electrochemical conditions, the detector gas mixture 

used for these experiments was saturated with water by bubbling the standard gas mixture through 



purified water in a Dreschel bottle that was kept at 0°C. For these experiments the detector had to 

be operated in a so-called reversed mode in which the sample is maintained at ground potential, the 

cathode voltage was held at +500V and the anode voltage +1000V with respect to ground. 

 

In these first proof-of-principle experiments, the data is of sufficient quality to permit analysis of 

the XANES region only. A number of different factors contributed to this, including limits upon the 

time available for these experiment coupled with the need to take time to investigate the optimised 

voltage and sample environment for data collection. As a result the statistical accuracy of the data is 

reduced compared with the data collected at high temperatures. In order to improve statistics the 

data is histogrammed into just three electron energy windows: surface, intermediate and bulk. 
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