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Report: 

The aim of this experiment was to elucidate the interactions of ions of an ionic liquid (IL) with a solid 

electrode by surface X-ray diffraction. An electrochemical cell for in-situ electrochemical and 

structural characterisations of a metal-ionic liquid interface was developed and was tested for the 

first time successfully. Here we present a setup where-by an ionic liquid is prepared and handled 

inside a glove box and then assembled in an electrochemical cell under inert conditions before 

being transferred to the diffractometer.  

 

The electrode | IL interface has been shown to form structured multilayers in certain ILs[1] and 

displaying potential dependent structural behaviour[2]. X-ray reflectivity measurements have shown 

varying IL to demonstrate different surface layering dependent on cation size[3].  

In this experiment crystal truncation rod (CTR) profiles alongside X-ray voltamograms were 

performed to measure the potential dependant structural change at the Au(111) interface. A full 

data set of the (1 0 l), (0 1 l) and the (1 1 l) rods were recorded between -1500 mV and 1000 mV at 

200 mV increments vs a Ag wire reference electrode. XRV measurements were recorded at the (1 

0 4.7) and the (1 0 0.5) and (1 0 3.5) positions in reciprocal space. 

 

 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1 shows the successful set up used. Figure 2 shows the electrochemical and X-ray 

results. In Figure 1a a cyclic voltamogram of Au(111) in [BMP][TFSI], recorded at 10 mV s-1 

between 1000 mV and -1500 mV is shown. Electrochemical features can be directly 

compared to strucutral changes observed at the surface as eluded to in b) an XRV 

measurement of the scattered intensity on scanning the potential. The anodic features seen at 

positive potentials in a) coincide with a decrease in intenisty and following increase at  (1 0 

4.7) position. This suggests that a strucutral change could be could be occuring. No structural 

surface processes have yet been identified for the negative potential region associated with 

the reconstruction of the Au(111) surface. Crystal truncation rod profiles recorded at -200 mV 

along the [0 1 l], [1 1 l], direction can be seen in Figure 2c and 2d respectively. The solid red 

line is a fit to the data and indicates a smoothly terminated gold surface. The origin of these 

exact strucutral changes still remains unclear and an additional experiment is required for the 

full strucutral characterisation of the entire electrochemical window. 

A new electrochemical cell specifically designed for the study of IL in-situ with SXRD methods 

has been presented. The set-up and implementation of the cell has been altered following the 

experiment, to account for problems which occurred during the experiment This set-ups builds 

on the already extensive list of setups available for the in-situ study of aqueous systems. 

Additional structural data was obtained for intermediate potentials which is currently under 

analysis. 

Ref: 

[1] M. V. Fedorov and A. A. Kornyshev, “Ionic liquids at electrified interfaces,” Chem. Rev., vol. 114, no. 5, pp. 

2978–3036, 2014. 

[2] R. Atkin, N. Borisenko, M. Drüschler, F. Endres, R. Hayes, B. Huber, and B. Roling, “Structure and dynamics of 

the interfacial layer between ionic liquids and electrode materials,” J. Mol. Liq., no. 192, pp. 44–54, 2014. 

[3] Y. Su, J. Yan, M. Li, M. Zhang, and B. Mao, “Electric Double Layer of Au(100)/Imidazolium-Based Ionic Liquids 

Interface: Effect of Cation Size,” J. Phys. Chem. C, vol. 117, no. 1, pp. 205–212, Jan. 2013. 

Figure 1: a) Transmisssion image of 

the crystal inside the cell, showing the 

crystal forming the meniscus in the 

IL, b) a photo of the electrochemical 

cell, c) schematic of the complete set 

up  as employed on the ID03 

beamline. 

Figure 2: a) A cyclic voltamogram recorded with the cell, 

the potential was verried at 10 mV/s. b) Scattered x-ray 

intensity at the (1, 0, 4.7) position in reciprocal space while 

scanning the potential at 10 mV/s. And b) and c) show two 

crystal truncation rod profiles measured at -200mV along 

the (0 1 l) and (1 0 l) rods respectively. 
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