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 Glycine betaine (Bet) is an N-trimethylated amino acid and exists in creatures from bacteria 

to animals. It has an ability to protect secondary structure of proteins in cells against salinity stress. 

Existing in a zwitterionic form at neutral pH, it strongly interacts with water molecules and salt 

ions. Understanding such a biological ability of Bet requires fundamental information on the 

interaction. Soft X-ray absorption spectroscopy can probe local electronic structure.  In this study 

we measure soft X-ray absorption spectra of Bet aqueous solutions at the O K- edge with varying 

the concentrations of Bet and NaCl, to inspect changes in the electronic structure of water. 

 The experiments were carried out on BL3U of the UVSOR Facility, Institute for Molecular 

Science. A liquid flow cell with windows made of thin Si3N4 membrane was used in the 

experiments. The soft X-ray absorption spectra were measured in photon energy region of 530–

547 eV (O K-edge). Incident photon energy was calibrated by the resonant peak of a polymer film 

(ProLINE) at 530.88 eV [1]. 

Figure 1 shows measured spectra. A resonant absorption of Bet is found at 532.3 eV as a 

weak hump and assigned to 𝜋*CO ← O 1s. The 𝜎*OH ← O 1s transition of water is seen around 

534.5 eV. The peak is shifted to higher energy for NaCl aqueous solutions, while it is shifted to 

lower energy for Bet aqueous solutions. The change of chemical environment around a certain 

site causes a shift in the absorption peak. The lower-

energy shift for the Bet aqueous solutions is 

attributed to the gain of partial negative charge on 

the oxygen atom of water by making a strong 

hydrogen bond with the COO
－

 group. On the other 

hand, the higher-energy shift for the NaCl aqueous 

solutions is caused by Na+. For the mixed Bet-NaCl 

solutions, apparent shift of the peak can be seen for 

the spectra of the samples for only which CNaCl ≥ 

CBet, where Cx is the molar concentration of x. This 

observation can be reasonably explained by the 

interpretation that the salt is exclusively bound to 

Bet, indicating that Bet plays an essential role in 

keeping the electronic structure of water from 

salinity. 
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Figure 1: Soft X-ray absorption spectra 

of Bet, NaCl, and mixed Bet-NaCl 

aqueous solutions in the O 1s region. 


