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The aim of our experiments for this beamtime was firstly to use NEXAFS spectroscopy to investigate 

the electronic structure of a group of neat ionic liquids (salts composed entirely of mobile cations and 

anions) containing sulfur and chloride. Knowledge of the electron distribution in ionic liquids is key 

to understanding the link between ion composition and macromolecular properties such as viscosity. 

The second aim was to investigate the electron density distribution of a series of Pt compounds 

confined in single-walled carbon nanotubes(SWNTs) using NEXAFS spectroscopy. SWNTs can be 

used as templates for the synthesis of a range of nanostructures and can increase reaction rates for 

catalysts confined within them. Therefore knowledge of how confinement affects the electronic 

structure of species is important for designing new catalysts and tuning the properties of 

nanostructures synthesised in SWNTs. Furthermore ionic liquids confined within nanotubes can act 

as a model for supercapacitors, therefore the results from these experiments may be used for future 

investigations into using ionic liquids in supercapacitors.  

 

In total 13 ionic liquid samples were studied using the S 1s 

edge and 4 samples were studied with the Cl 1s edge. 

Furthermore 7 samples were studied at the Pt 2p3/2 edge and 5 

at the I 2p3/2 edge. The sample holder used (Figure 1) 

contained multiple sample loading slots, which enabled the 

rapid sample transfer required for studying a large number of 

samples. All experiments were carried out under high 

vacuum conditions and both fluorescence and drain current 

were measured. A strong fluorescence signal was observed 

for all samples and as a result clearly defined edges were 

obtained.   

Figure 1.  The sample holder used in 

these experiments 



 

 
The edge energies for both S 1s and Cl 1s were found to vary between different ionic liquids (Figure 

2). Higher edge energies can be interpreted as lower electron density on the element probed (Cl and S 

in this case). Therefore these results provide information on the charge distribution in the ionic 

liquids studied and spectra of neat ionic liquids will also be useful for further investigations. 

 

For the Pt containing species a wide range of Pt edge energies was observed (Figure 3) while a 

smaller range is present for the I edge (Figure 4). This was expected due to the lower range of 

oxidation states possible for Iodine. The results show that confinement in SWNTs causes an increase 

in electron density (lower edge energy) for the Pt  but a decrease for the I (higher edge energy) for 

the Pt(acac)2I2 . It was also found that that the oxidation state of the Pt atoms within both discrete 

nanoparticles (PtNPs) and extended PtIx nanorods (which are formed by halogenation of PtNPs) was 

very similar. The Pt in these species was found to have an electron density intermediate between PtI2 

and PtI4 reference samples 

 

The results obtained in these experiments show that it is possible to carry out high-throuhput 

NEXAFS spectroscopy on BM28 using standard apparatus. These were the first experiments we have 

carried out using SWNTs and it has been demonstrated that clear spectra can be obtained from 

confined species. Due to the success of these experiments further work is planned, both studying 

particles confined in nanotubes and systems containing ionic liquids. Furthermore we currently have 

two papers being prepared for publication as a result of this work. 
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Figure 2.  Sulfur fluorescence 

intensity vs. h for the S 1s 

edge for four sulfur-containing 

ionic liquids.   

Figure 3.  Platinum first 

derivitive fluorescence intensity 

vs. h for the Pt 2p3/2 edge  
 

Figure 4.  Iodine first derivitive 

fluorescence intensity vs. h for 

the I 2p3/2 edge. 


