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1. 試料 Name of sample(s) and chemical formula, or compositions including physical form. 

We used Nano-CPT100 (Nano-C, Inc.) as a single wall carbon nanotube (SWCNT) sample. For opening cups 

of the end of nanotubes, we oxidized it in an electrical furnace at 380 ℃ (+1 ℃/min) for 1h in air flow (300 

ml/min). We conducted neutron scattering measurement of SWCNT with and without heavy water under ambient 

pressure and under 0.3 GPa. For the ambient pressure measurements, we prepared 2 samples; oxidized SWCNT 

(0.29 g) and oxidized SWCNT containing 440 mg/g of heavy water (0.25 g). Each measurement on the ambient 

pressure was accumulated for 4.5h. For the high pressure measurements, we prepared 2 samples; oxidized 

SWCNT containing 440 mg/g of heavy water (33 mg) and unoxidized SWCNT containing 440 mg /g of heavy 

water (28 mg). The samples under high pressure were pelletized under 980 N to fit the size of high pressure anvil 

cells. Each measurement on the high pressure was accumulated for 9.5h

 

2. 実験方法及び結果 （実験がうまくいかなかった場合、その理由を記述してください。） 

Experimental method and results.  If you failed to conduct experiment as planned, please describe reasons. 

At first, we measured neutron scattering of oxidized SWCNT containing heavy water at ambient condition 

(Figure 1(a)).For a comparison, we also show the 

neutron scattering profile of oxidized SWCNT 

itself in Fig. 1(a). In the neutron scattering profile 

of SWCNT itself, we can see Bragg peaks of (10) 

and (11) of graphene structure of carbon 

nanotube. The peak at 1.8 Å-1 is attributed to the 

(002) diffraction of graphite structure of graphitic 

impurities in SWCNT samples. In the profile of 

oxidized SWCNT containing heavy water, we 

can see the intensity increase of the 1.83 Å-1 peak 

compare with that of SWCNT itself.  
Figure 1 (a)ND profiles and (b)structure factors 
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Figure 2 Radial distribution function of 

heavy water inside carbon nanotube. 

Figure 3 ND profiles of heavy water 

confined in SWCNT under high pressure 

and low temperature condition. 

 

2. 実験方法及び結果（つづき） Experimental method and results (continued) 

It is attributed to the water assembly structure inside carbon nanotube and we can obtain the structure function 

S(Q) by subtraction of the profiles of SWCNT itself from that 

of SWCNT containing heavy water. Figure 1 (b) shows the 

S(Q)-1 of D2O inside of the oxidized SWCNT. For a 

comparison, we also plotted that of the bulk D2O in Fig. 1(b). 

The 1st peak intensity becomes large and the position shifts to 

the low Q in SWCNT. To understand more detailed structural 

change of heavy water inside of the SWCNT, we obtained 

radial distribution functions (RDFs) by Fourier transformation, 

as shown in Figure 2.The peak position of 1st, 2nd and 3rd 

neighbors of heavy water inside SWCNT pores shift to larger 

distance. Furthermore, the peak intensity of 2nd and 3rd peaks 

becomes larger than that of bulk heavy water although that of 

first peak is opposite situation. The relatively longer ordered 

structure of D2O inside SWCNT could be attributed to the ice like hydrogen bond formation in carbon 

nanospaces. 

 Finally, we measured the neutron scattering of oxidized 

SWCNT containing heavy water under high pressure and low 

temperature condition (0.3 GPa, -70 ºC) as shown in Figure 3. 

We also showed the neutron scattering profile of oxidized 

SWCNT containing heavy water under ambient condition, that 

of ice II and that of ice Ih in the same Figure. The sharp peaks 

in red line mainly relevant to those of the bulk ice II which 

exists outside of SWCNT. It confirmed that we succeeded to 

measure under high pressure and low temperature conditions. 

For the confined heavy water, we can see the broad peak 

located at 1.95 Å-1, as shown broken line. The peak position is 

larger than that of ambient condition. These facts imply two 

interesting feature; i) water could not form long range ordered 

phase (i.e. like a crystal) in carbon nanospaces because of the 

spatial limitation even at high pressure and low temperature 

condition, but ii) water inter-molecular distance would be contracted (ca. 6%) under high pressure and low 

temperature condition.  

It is difficult to evaluate RDF of confined heavy water under high pressure and low temperature conditions 

because of the presence of many peaks of bulk ice II. However, we are now trying to analyze the anomaly on 

water structure using revers Monte Carlo simulation which can selectively simulate the molecular structure of 

confined phase. Our results would shed new light on anomaly of water properties inside nanospaces and our 

further studies would be required because of the importance from scientific fields as well as the applications.  


