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Abstract 

In recent years, water clusters called ultrafine water which has several nanometers or less have 
attracted attention as having a wide range of functions such as humidification, moisture retention, 
deodorization, air cleaning and sterilization, and static electricity removal. However, little is known 
about the mechanism of their functions. For example, in moisturizing, penetration into the 
subcutaneous tissue is considered because the ultrafine water is smaller than the intercellular space 
on the skin surface. However, this alone cannot account for the long-lasting moisturizing effect [1]. 
Therefore, it is necessary to clarify the physicochemical properties of ultrafine water to understand 
those macroscopic functions. In this study, we investigated the electronic structure of ultrafine 
water deposited on hydrophobic and hydrophilic surfaces using O 1s X-ray emission spectroscopy 
(XES) to obtain detailed information on the hydrogen-bonded configuration of ultrafine water on 
those surfaces, and to discuss the relationship between the chemical state and the function of 
ultrafine water. Figure 1 shows a schematic of the XES process for water. The incident soft X-ray 
excites a core electron to an unoccupied state (XAS: Fig. 1a), and another soft X-ray emits in the 
subsequent decay of the core hole (XES: Fig. 1b).  When the valence electron decays back to the core 
hole, XES will represent occupied valence electronic structures of water, which is quite sensitive to 
various hydrogen-bonded configurations in water [2]. Figure 2 illustrates the experimental setup for 

Figure 1 Schematic of the (a) XAS and (b) 
XES processes for water Figure 2 Setup for XES measurement of ultrafine water 
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the XES measurement. By repeating a heating (by a ceramic heater up to 60 oC) and fully humidifying 
cycle on a poly(3,4-ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS) membrane, 
ultrafine water of the size of c.a. 1.4 nm is generated. The emitted ultrafine water are deposited on 
hydrophobic (CF3: HS-(CH2)11-(O-CH2-CH2)-(CF2)5-CF3) or hydrophilic (EG3OH: 
HS−(CH2)11−(O−CH2−CH2)3−OH) self-assembled monolayer (SAM) coated silicon carbide thin 
membrane which separates vacuum from the atmosphere and effectively transmits incoming and 
outgoing soft X-rays. The energy dispersion of the emitted soft X-rays is analyzed by the soft X-ray 
emission spectrometer HORNET at BL07LSU [3] in SPring-8. 
The O 1s XES spectrum of ultrafine water on a hydrophobic (CF3-SAM) surface is shown in Figure 3a. 
Prior to be installed in a measurement cell, PEDOT:PSS was heat-treated for 15 min. at about 330K 
for degassing. The CF3-SAM surface was humidified for approximately 9.5 h with ultrafine water, and 
the integrated XES spectrum is depicted in blue. In red is a dry spectrum acquired by passing N2 gas 
through the measurement cell. The difference between the blue and red spectra generated the 
black spectrum, which is very similar to that of H2O gas, apart from a tiny change in the 3a1 region. 
Figure 3b illustrates the O 1s XES spectra of ultrafine water on the CF3-SAM exposed to air, where 

the PEDOT:PSS was not heat-treated prior to the 
measurement. By exposing the CF3-SAM to oxygen 
moieties released from the PEDOT:PSS, the CF3-SAM 
should become partly hydrophilic. During the initial 
216 min., the XES profile remained unchanged, but 
subsequently began to grow the 1b1' peak around 
526eV. The black XES spectrum was derived by 
subtracting the integrated spectra before 216 min. 
from those after 216 min. Only the two small peaks 
indicated by the arrows deviate from the spectrum 
obtained by using a conventional humidifier which 

deliver 10m-order water droplets (not shown). 
We speculate that these two peaks come from 
specific ionic species, such as OH- ions [4]; their 
sharpness indicates that OH- adsorption occurs at a 
specific surface site. The fact that ultrafine water 
forms ions via surface adsorption may explain why it 
is good for skin moisturization, albeit the method by 
which OH- ions are formed is still being debated. 
In the presentation we will also present results for 
the hydrophilic EG3OH-SAM surface and discuss 
possible difference in interaction of ultrafine water 
with the hydrophobic and hydrophilic surfaces. 
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Figure 3 O 1s XES of water on (a) hydrophobic and 
(b) partially hydrophilic CF3-SAM. Blue: raw data,
Red: background, Black: background subtracted.


