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STSM type: Regular (from France to Finland)   During this Short Term Scientific Mission, the partners wanted to develop a new technique to transfer into vacuum neutral biomolecules, with the goals of low sample consumption, as well as a production of a high density of molecules at the interaction region with the light source.  In order reach low sample consumption; a modified electrospray source was used. It is modified in such a way that, after the spray, the highly charged nanodroplets are neutralized with an x-ray lamp in order to avoid reaching the Rayleigh limit, which would lead to the explosion of the droplet and release of charged biomolecules in gas phase. Also, before the commencement of the COST STSM, the French partner fully characterized the size and density of the nanodroplet generated by the electrospray source after neutralization. The results obtained from a buffer solution of ammonium acetate, different sucrose concentrations in the same buffer solution, and a poly-peptide, Met-Gly-Met-Met, also diluted in the buffer solution, are shown in figure 1. The sucrose was chosen because a variation of its concentration directly impacts the particles size generated.   

 Figure 1: Different size distributions of nanodroplets generated by the modified electrospray. Note that each size distribution is narrow 



 During the stay at the University of Turku, various configurations were tested in order to assure sufficient vacuum in the spectrometer chamber, in order to operate the specrometers. The best configuration was a low-pressure loop, on which a glass nozzle (> 10 µm diameter hole) was mounted. The exit of the electrospray was directly connected to the loop. However, in order to obtain a pressure less than 2x10-5 mbar in the spectrometer chamber, we had to slightly pump the loop (the pumping flow was adjusted with a valve). One first result is the possibility to operate the electrospray, even with a low pressure  (probably a few 10ths of millibars) behind the capillary. However, in order to obtain a stable spray, the operating conditions were very different from the ones tested in France. For example, the ratio CO2/N2 was radically different and a lower high voltage was needed, which also means that the size distribution and the density of the nanodroplets generated was probably very different to the one measured in figure 1. We had to fight with a recurrent clogging of the nozzle. However, we succeeded in recording with the electron spectrometer one set of spectra, which show broad features, probably due to the nanodroplets of buffer transferred into the vacuum (see figure 2). These two broad structures are contrasting with the sharp photoelectron lines coming from the gases used in the electrospray (see green sprectum). The shifts of the broad structures could be due to a change of droplets size when the neutralizer is turned on (bigger size droplets are expected). We did not have sufficient time to heat the nozzle in order to see if this could decrease the clogging or even induce the vaporization of the molecule dissolved in the nanodroplet.  

 Figure 2: Photoelectron spectra recorded with a helium lamp obtained Green: just the gases running through the electrospray, Red with the buffer solution running in the electrospray and the neutralizer turned off and Blue: with the buffer solution running in the electrospray and the neutralizer turned on.  



After this first try, both parties agree that this technique can work successfully, with additional time and effort investment. The future plans are: 
 Reproduce the Turku condition at SOLEIL in order to measure the size and density of the particles generated 
 Run some simulations of the low-pressure loop, in order to optimize the nozzle diameter, and to estimate if a small differential chamber is needed. Ideally, we would like to maximize the flow through the nozzle.  
 Modify the electrospray in order to run high voltage in the low pressure mode behind the capillary 
 Design a heat nozzle according to the simulation of the low pressure loop.  


