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Fig. S1. Magnetization measurements of a typical non-purified eDIPS sample, a 

purified 1.45 nm SWCNT sample and a 4 nm SWCNT sample. The steep increases 

below 1 T are due to ferromagnetic impurities, while the linear dependences above ca. 2 

T are due to the intrinsic diamagnetic moment of SWCNTs1. 
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Fig. S2. 2H-NMR results for water inside the 2.00 nm and 4 nm SWCNT samples. (a) 

and (b) NMR spectra at several temperatures for 2.00 nm and 4 nm SWCNT samples, 

respectively. (c) Temperature dependence of the integrated NMR intensity multiplied by 

temperature, which is proportional to the amount of mobile water in the samples. 
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Fig. S3. Results of MD calculations for water inside SWCNTs with diameters of 1.15 – 

1.41 nm. (a) Calculated rotational correlation time (𝜏rot) as a function of T. (b) 

T-dependence of 𝜏rot as a function of 𝑓4 𝑇⁄ . (c) and (d) Calculated fraction of four 

coordination water molecules, f4. Water inside SWCNTs with 𝐷 ≤ 1.41 nm is 

transformed into tubular ices (ice NTs) at low-T. 
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Fig. S4. XRD patterns of 4 nm SWCNT samples. (a) XRD pattern of a dry sample. 

Peaks from SWCNT bundles cannot be observed because of the large average diameter 

D (ca. >3.2 nm) of the SWCNTs, which is consistent with data presented at the website 

of Zeon Nanotechnology Co., Ltd. (http://www.zeonnanotech.jp/en/products.html). (b) 

XRD patterns of the water-SWCNTs at several temperatures in the water diffuse 

scattering (WDS) region2. (c) Temperature dependence of WDS peak position denoted 

by the arrow in (b). The thick arrow indicates a structural transition temperature.  
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Fig. S5. Analysis of XRD patterns of water inside the 2.40 nm SWCNT sample. The left 

top figure shows the observed XRD patterns at several temperatures. As in the left 

bottom figure, it is found that each pattern can be decomposed into two XRD patterns of 

higher-T structure (structure I) and lower-T structure (structure II), where the XRD 

pattern at 254 K (183 K) was taken as that of structure I (structure II). The relative 

intensity of structure I and structure II is given in the right figure. The results suggest 

that the structural transition occurs discontinuously. Similar XRD analysis has been 

applied to demonstrate a first-order transition of water in protein crystals3. 
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Fig. S6. Simulated XRD patterns of (𝑛, 𝑚) ice-NTs. The index (𝑛, 𝑚) represents the 

chirality of the ice NTs4. (a) XRD patterns of single-shell ice-NTs with different 

diameters D, and illustrations of (20,0) and (14,14) ice-NTs as examples, where 

oxygen atoms in water are represented by red spheres. In ice-NTs, the peak structure 

appears around a Q = 20–25 (1/nm) region, which is different from the experimentally 

observed patterns. (b) Simulated XRD patterns for i) an empty-SWCNT with D = 2.4 

nm, ii) a triple-walled ice NT inside the SWCNT, and iii) their difference. The 

chiralities for the outer, middle, and inner walls of the ice NT are (17, 10), (10, 8), and 

(6, 1), respectively. iv) An XRD pattern for triple-walled ice NT without the SWCNT is 

also shown for comparison. The right panels show the top views of the simulated 

systems. The oxygen atoms are represented by blue, yellow, and red spheres for each 

layer. 
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