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Figure S1. (A) Scheme of the liquid micro-jet experiment showing the injected liquid (blue), 
synchrotron radiation beam (red), and ejected electrons (green). (B) Picture of the liquid jet in the 
lowest position compared to the electron skimmer. During measurement the liquid jet is at around 
1.5 mm from the electron skimmer. 
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Figure S2. Recent publications demonstrate the challenge of accurately measuring the 
ionization energy of liquid water [25,78]. We propose a new approach to reference our energies 
compared to the vacuum level. For this we use the spatial information given by the position 
sensitive detector of the VG-Scienta spectrometer. The top panel displays a false color map 
of a valence band photoelectron spectrum recorded at 100 eV and in the transmission mode 
of the analyzer. The kinetic energies of the electrons are dispersed on the X-axis, and the Y-axis 
represents the non-energy axis. By integrating (between the two continuous lines from a same 
color) only one part of the image far from the center (far from the jet contribution), it is possible to 
retrieve a “pure” gas phase spectrum (black line on the bottom panel), which then can be 
used via the literature to calibrate the ionization energies compared to the vacuum level at 
infinity of the X 1B1 gas phase state. Closer to the center of the color map, the different vibration 
lines of the different gas phase electronic states start to broaden and to shift towards lower 
kinetic energies, due to the field perturbation induced by the liquid jet (green curve of the bottom 
panel). To reach a sufficient signal for the BSA valence bands, the peak of the X 1B1, had to be 
saturated (too many counts/s for the detector, which operates in counting mode). Note that the 
saturation does not affect the black spectrum. The ionization energy of the 1b1 orbital can be 
shifted up to ~0.1 eV, as shown in the red curve of the bottom panel. This 0.1 eV difference 
should be the order of magnitude in energy difference between the vacuum level at infinity and 
the vacuum level at the surface (the electrons still feel the field of the surface from which they are 
emitted). 
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Figure S3. Valence photoelectron emitted from the liquid phase of the BSA aqueous solution (36 
g/L) measured at 100 eV photon energy. Peaks due to ionization of the three valence orbitals of 
water gas phase water are labeled as well as the liquid phase peak. The liquid water contribution 
of 1b1 molecular orbital was fit with a Gaussian function. Resulting fitting parameters define the 
1b1 signal centered at 11.4 eV with a full width at half maximum (FHWM) of 1.76 eV. The 
photoionization threshold is determined by a linear extrapolation of the slope of the 1b1 signal 
(inset, blue line) and gives a value of 10.0 eV. 
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Figure S4. Bovine serum albumin structure in heart-shape with a 3 Å water added layer. 
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Figure S5. Local density of states for peptidic and beta carbons of alanines, in various 
secondary structures (A) at the helix end, (B) in the middle of the helix and (C) in turns. 
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Figure S6. Local density of states, in the valence region, for aromatic carbons in various 
secondary structures. 
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Figure S7. Oxygen XPS spectra of the bovine serum albumin (BSA) recorded at 600eV in the 
liquid micro-jet. Water gas signal is centered as 539.8 ± 0.2 eV while the liquid phase is centered 
at 538.1 ± 0.2 eV. 
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Figure S8. According to Tauc, the band gap energy in semi-conductors can be determined 
following the dependence of the absorption coefficient (α) on the photon energy (hν) for near-
edge optical absorption using the following equation [79]: 

(𝛂𝒉𝝂)
𝟏
𝟐 = 𝑩(𝒉𝝂 − 𝑬𝒈) 𝑬𝒒uation 𝑺𝟏 

 where Eg is band gap energy. 

(A) Optical absorption spectra of the BSA solution (1 g/L in pure water) and (b) Tauc plot ((αhv)1/2 

versus hv plot) for the BSA solution (red) and BSA crystals (green). Linear regions were
extrapolated to the energy axis. (B) The value of the band gap energy measured is respectively
Eg

liquid
= 4.25±0.07 eV and Eg

solid
= 4.15±0.08 eV.
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Figure S9. Comparison of the Hirschfeld charge calculations with and without water added. 
The slope close to one confirms that hydration induces limited changes in charges. 
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Table S1. Secondary structural content of BSA assessed by deconvolution of far-UV (165-
260nm) SRCD spectra using BeStSel web server. 

 

Treatment α-helix β-elements Others 

Before 

Injection 
72.4 8.0 19.7 

After 

Collection 
73.5 8.1 18.5 
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Table S2. XPS spectral features of bovine serum albumin from the literature. 

 

Ref 

C1S (eV) N1s (eV) Calibration 

C-C/C-H C-O / C-N 

C=N/N OC=O 

C=C/O-C-
O 

N-C=O  

[80]  285±0.5 286.6±0.5  288.4±0.5 400±1 (organic) C-H at 285 eV 
 

[81]  286.5±0.2 287.4±0.2  289.4±0.2 401.3±0.2 Ag  3d5/2 

[82]  285 286.2 287.5 288.3 400 C-H at 285 eV 

[83]  284.6 285.8  287.6 400 C-H at 285 eV 

[84]  284.8 286.1  288.2 400.2 C-H at 284.8 eV 

[85]  285 286.4  288.3 400.2 
C-H 285 eV 

[86]  
  287.9±0.4 289±0.3 400.0±0.2 401.4±0.2 

Au 4f7/2,Cu 2p3/2, 
and Ag 3d5/2 * 

[87]  
285.4 
±0.2 

286.5 
±0.2 

287.8 ±0.2 288.8±0.2 400.9 
Au 4f7/2,Cu 2p3/2* 

[88]  285±0.5 286.6±0.5  288.4±0.5 NH 399 NH3
+ 401 C-H at 285 eV 

[89]  285.4 286.7 287.9 288.7 400.8 Au 4f7/2,Cu 2p3/2* 

[90]  284.7 286 287.7  C=N 
397.5 

C- N 400 C-H at 285 eV 

[10] 
 

285 286.2 287.4 288.6 400 401.2 402.4 
C-H at 
285 eV 
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Table S3. Distance of various carbons with respect to the protein surface. The distances were 
calculated using Biopython and MSMS [91] 

 

 

  

Carbon Type Cpeptidic Cbeta Cgamma Cdelta 

Average distance from 
the surface (Å) 

2.58 2.50 2.52 2.51 
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