
46    JAEA R&D Review 2021-22

Advanced Scientific Research

Nano-sized water clusters have been intensively investigated 
in a spectroscopic way to reveal the nature of hydrogen bond 
interaction. Compared with the infrared (IR) range, only a few 
spectral measurements in the terahert  ( ) range have been 
reported, so that the assignment of the vibrational mode to  
absorption was not established even for the dimer. In the present 
study, we measured I  absorption spectra of deuterated
water (D2O) cluster formed in solid Ar and conducted ab initio 
vibrational calculation to identify the  absorption pea s of 
the dimer, trimer, and tetramer. 

 gaseous mixture of r and 2O was condensed on the gold 
plate cooled down to 8 K by liquid helium. The most stable 
structures ( ig. ) and vibrational fre uencies of the dimer, 
trimer, and tetramer trapped in solid Ar was determined by ab 
initio calculation.

In ig. 0, I  spectra before and after heating the 
sample are displayed. The IR-absorption peaks due to clusters 
larger than the dimer were found to increase in absorbance with 
raising the heating temperature. This means the cluster-size 

growth due to the thermal diffusion of 2O. By comparing the 
heating-temperature dependence of the peak intensities in the 

 range with the I  range and using the results of ab initio 
calculation, we determined the assignments of the  pea s to 
the vibrational modes of the dimer, trimer, and tetramer. 

The above accomplishment leads to the precise description of 
hydrogen-bond potentials, which characterize the physicochemical 
properties of ice and water. In addition, the fact that the greenhouse 
effect of water vapor is enhanced by clustering in atmosphere 
has been revealed recently. The cluster-size dependence of the 

absorption intensity revealed in the present wor  will play 
an essential role in accurate evaluation of the greenhouse effect 
of water, which is one of the major topics in atmospheric and 
environmental science. 
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Fig.3-10  Heating-temperature dependence of the terahertz-infrared spectrum of deuterated water clusters
We measured spectra at 8 K before heating and after heating at 15, 20, and 25 K. The numbers of 1–6 indicate the sizes of deuterated 
water clusters while the vertical bars show the scales of absorbance. The wavenumber of the horizontal axis is proportional to the 
frequency of light, i.e. 33 cm-1 ! 1 THz. The increase in absorbance means that the amount of the corresponding cluster got larger.

Fig.3-9  The most stable structures of deuterated water clusters trapped in solid Ar
By using ab initio calculation, we determined the most stable structures of the (a) dimer, (b) trimer, and (c) tetramer formed 
in solid Ar. The nearest-neighbor Ar atoms are connected with each other through solid lines, whereas the second-nearest-
neighbor ones through dashed lines.
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