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Figure S1 Simulation of the ion extraction for typical electrode settings, performed with the software SIMION. In 
this simulation singly-charged ions with a mass of 800 amu are assumed to originate from the target surface 
and have 100 m/s velocity pointing upwards. The extraction efficiency is found to be very sensitive to the initial 
kinetic energy and direction of the ions. 
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Figure S2. Grey line: Measured ion signal for the helium tagged C60 cations in the range between 700 Da and 
1200 Da for the setup where the low mass ions were extracted from the HNDs after the collision with a 
stainless-steel surface (setup shown in Fig. 2b in the main text). The blue dashed line is the fitted curve of the 
signal performed with IsotopeFit [36]. 

 

 

Figure S3. Grey line: Measured ion signal for the helium tagged C60 anions in the range between 700 Da and 
1200 Da for the setup where the low mass ions were extracted from the HNDs after the collision with a 
stainless-steel surface (setup shown in Fig. 2b in the main text). The blue dashed line is the fitted curve of the 
signal performed with IsotopeFit [36]. 



 

Figure S4. Grey line: Section of a mass spectrum showing helium tagged C60 cations in the range between 700 
Da and 1200 Da for the setup where neutral HNDs doped with C60 were ionized with 70 eV electrons (setup 
shown in Fig. 2a in the main text). The blue dashed line is the fitted curve of the signal performed with 
IsotopeFit [36]. 

 

Figure S5. Grey line: Section of a mass spectrum showing helium tagged C60 anions in the range between 700 Da 
and 1000 Da for the setup where neutral HNDs doped with C60 are ionized with 22 eV electrons (setup shown in 
Fig. 2a in the main text). The blue dashed line is the fitted curve of the signal performed with IsotopeFit [36]. 



 

           

Figure S6 Mass spectra of anions and cations (top and bottom panels respectively) backscattered upon surface 
collisions of charged HNDs doped with C60. The droplet formation and pickup conditions for both measurements 
are identical. In the case of anions, neutral HNDs were ionized by electron bombardment with a 27 eV and 345 
μA electron beam, whereas cations were obtained by electron ionization with a 57 eV and 385 μA electron beam. 
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Figure S7. Abundance of (C60)m
± ions detected via surface collisions of charged HNDs doped with C60. Each data 

point was obtained via summation of the contributions of differently tagged Hen(C60)m
± ions (n ≥ 0). The error 

bars are smaller than the symbol size. The average droplet size for both polarities is roughly four million He 
atoms per droplet. Data points for m = 0 represent the sum of all pure helium cluster ions. 



 

Figure S8. The ion signal per extraction pulse of the TOF as a function of the number of helium atoms n attached 
to singly charged fullerene cations for different configurations of the experimental setup. The red curve shows 
the signal obtained with the original setup (see Fig. 2b in the main text) with the pick up into neutral HNDs and 
the TOF mass spectrometer in the trajectory of the HNDs beam. The yellow curve shows the same experimental 
configuration but the ionization and the pick up sequence is reversed. For this case the repulsion of the charge 
centers inside the HNDs forces the ions towards the surface region of the HNDs, which makes the ejection of the 
ions more likely in the extraction region of the TOF. The green curve shows ions with pick up into charged HNDs 
but the TOF mass spectrometer was moved by 90 degree with respect to the flight path of the HNDs. The low 
ion yield indicates the inefficient extraction of the ions. The blue curve shows the ion yield of the surface setup 
(Fig. 2a in the main text).  



 

 

Figure S9. Section of a mass spectrum of He tagged C60 cations obtained with the experimental setup described 
in ref [35]., Positively charged HNDs were doped with C60 molecules and subsequently these He-tagged ions were 
extracted from the droplets by evaporation of the HNDs via multiple collisions with stagnant He gas at room 
temperature in a RF hexapole ion guide. The C60(H2O)mHen

+ ions were most likely formed by pickup of water 
impurities (1ppm stated by the supplier) in the He collision gas. The mass difference between C60(H2O)m+2Hen and 
C60(H2O)mHen+9 is only 0.0023 Dalton which requires a mass resolution m/Δm>321 000 to separate them. 

 

For the investigation of the large Bi clusters formed in the HNDs and their splashing behavior two 

different grids were used. One was placed directly in the path of the HNDs beam (G1) and on the side 



(G2) for the deposition of sideways scattered Bi clusters. For each TEM grid, three TEM images at three 

different positions were taken.  

 

 

Figure S7 TEM image showing the deposited neutral Bi clusters formed in the HNDs. This TEM grid was placed in 
the path of the HNDs (0 deg, G1) position 1. 



 

Figure S8 TEM image showing the deposited neutral Bi clusters formed in the HNDs. This TEM grid was placed in 
the path of the HNDs (0 deg, G1) position 2. The blue square shows the part of the image shown in Figure 1 of 
the main text. 



 

Figure S9 TEM image showing the deposited neutral Bi clusters formed in the HNDs. This TEM grid was placed in 
the path of the HNDs (0 deg, G1) position 3. 



 

Figure S10 TEM image showing the deposited neutral Bi clusters after the splashing of the HNDs. This TEM grid 
was placed on the side (90 deg, G2) position 1. 



 

Figure S11 TEM image showing the deposited neutral Bi clusters after the splashing of the HNDs. This TEM grid 
was placed on the side (90 deg, G2) position 2. 



 

Figure S12  TEM image showing the deposited neutral Bi clusters after the splashing of the HNDs. This TEM grid 
was placed on the side (90 deg, G2) position 3. The blue square shows the part of the image presented in the 
main text. 

 

 

 

 

 

 

 

 



For the analysis of the TEM images the three images showed above for the deposition of neutral Bi 
cluster for both, directly (G1) and on the side (G2) were analyzed with the program CellProfiler [30]. 
The results for the cluster size distribution of both cases as shown in the histograms in Figure S15 (G1) 
and S16 (G2). The resolution of the TEM allowed only a meaningful detection of clusters with a 
diameter >1.65nm. Possible clusters with a diameter small than 1.65nm were neglected because they 
were not clearly distinguishable from the background of the images.   
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Figure S136 The size distribution of clusters shown in Fig. S10, S11 and S12 recognized by the program CellProfiler 
[30] as a function of the calculated diameter of the clusters. For this histogram a bin size of 0.2 nm was used. The 
obtained distribution for the direct (on TEM grid G1) deposition neutral Bi clusters is fitted here with a lognormal 
distribution shown in blue.   
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Figure S17 The size distribution of clusters shown in Fig. S13, S14 and S15 recognized by the program CellProfiler 
[30] as a function of the calculated diameter of the clusters. For this histogram a bin size of 0.2 nm was used. The 
obtained distribution for the direct (on TEM grid G1) deposition neutral Bi clusters is fitted here with a lognormal 
distribution shown in blue.    
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