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Supplementary Figures
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Supplementary Fig. 1 | VT '"H NMR spectra of 1:2 mixture of [3]C%C and adm in CD;Cl,. The

resonances of adm are labeled with dots that are coloured in black for time-averaged resonances

under rapid in-and-out exchange and in red for separate two sets of resonances under retarded

in-and-out exchange. Resonances of hexyl chains of [3]CYPC are labeled with asterisks.
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Supplementary Fig. 2 | '"H NMR spectra of [3]C!C>adm for the Job plot analysis. Spectra
were recorded in CD»Cl; at a total concentration of 1.0 mM (298 K). Methylene (CH:) resonances
of adm were used for the Job plot analysis (black dots).
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Supplementary Fig. 3 | Job plot of from 'H NMR analyses. The peak at 0.5 confirmed the
formation of 1:1 complex of [3]C¥C>adm. See Supplementary Fig. 2 for the spectra.
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Supplementary Fig. 4 | "H NMR spectra in CD>Cl; at 298 K (whole region). See Fig. 2 for

close-up views. a, A spectrum of [3]CY*C>adm. b, A reference spectrum of free-form adm.
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Supplementary Fig. 5 | Raw ITC data of triplicate titrations. Titrations were performed in

CH>Cl; at 298 K, and the association parameters of each titration are shown.
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Supplementary Fig. 6 | Energetics for assembly of [3]CYC>adm. The thermodynamic
parameter of AG was determined by ITC (Fig. 2c¢ and Supplementary Fig. 5), and the kinetic barrier
of AG* was determined by NMR analyses (Supplementary Fig. 1).
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Supplementary Fig. 7 | Orientations of adm guests found as disordered structures in

[3]C¥Coadm. Six orientations are located in [3]C%C, and the occupancy values are shown.
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Supplementary Fig. 8 | Conformations of hexyl side chains found as disordered structures.

Minor conformers are shown in green, blue and purple, and the occupancy values are shown.
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Supplementary Fig. 9 | Structural relationships between neighbouring [3]CC molecules in
the crystal. Two hexyl chains of one molecule pinch the wall of another neighbouring molecule.

See also Fig. 3 and Supplementary Fig. 10 for the resultant packings.



[3]1C9*COadm guest-free [3]C9PC

Supplementary Fig. 10 | Packing structures. Two-dimensional layers of [3]C%C molecules are
stacked to form a single crystal in the presence and the absence of the guest molecules. See also Fig.

3 for the two-dimensional layer.

Supplementary Fig. 11 | Solvent molecules in the crystal. Solvent molecules (dichloromethane
and acetonitrile) were included in a space surrounded by host-guest complexes and had no direct
contact with guest molecules. Chlorine atoms of dichloromethane and nitrogen atoms of acetonitrile

are shown as ball models (green = Cl, blue = N).
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Supplementary Fig. 12 | CH-m hydrogen bonding continuum circumfused by the
carbonaceous cylinder. The 5184 hydrogen atoms of adm for 324 orientations within [3]CC (Fig.
4b) were analysed by AIM calculations for the hydrogen bonds, and the number of hydrogen bonds
were counted. The number of hydrogen bonds were shown in colours (3 bonds = magenta, 2 bonds

= blue, 1 bond = green, 0 bond = white).

10



50 1.0 1.0 3.0
] ] ] ]
40 0.8 0.8 2.57
2z z z z 207
B 30 1 B 0.6 % 0.6 B
5 5 5 § 15
E 20 200K | £ 04 210K £ 04 220K | E ol 240K
4 .
10 0.2 0.2 4
- — _ 0.5
R? =0.9842 R? =0.9836 R? =0.9935 B2 = 0.9975
0 T T T 0 T T T 0 T T T 0 T T T T
0 0.05 0.10 0.15 0.20 0 0.05 0.10 0.15 0.20 0 0.05 0.10 0.15 0.20 0 01 02 03 04 05
delay time (s) delay time (s) delay time (s) delay time (s)
3.0 3.0 40 40
25 ’ 25 > ’ ]
30 30
> 20 > 20 > >
2 2 2 2
1.5 15 20 20+
£ 260K | £ 280K | £ 208K | £ 330K
- 1.0 - 1.0 - -
10 10
0.5 R? = 0.9981 0.5 R2 =0.9995 R2 = 0.9998 R2 = 0.9983
0 T T T T T 0 1 T T T T 0 T T T T T O T T T T T T
0 02 04 06 08 1.0 0 02 04 06 08 1.0 0 03 06 09 12 15 0 051015 2025 3.0
delay time (s) delay time (s) delay time (s) delay time (s)
40 40 0.05 0.05
30 ] 30 0.04 0.04
= = = =
g g g 0.03 g 0.03
g 20 oK | & 20 8 8
£ £ 390 K £ 0.02 420 K £ 0.02 450 K
10 10 0.01 0.01
R? = 0.9997 R? =0.9997 R2 =0.9974 R2 = 0.9965
O T T T 0 1 T T T T T 0 T T T T T T T T O T T T T
0 1.5 3.0 4.5 0 1.0 20 3.0 4.05.06.0 01234567829 0O 2 4 6 8 10
delay time (s) delay time (s) delay time (s) delay time (s)
0.020 0.015 0.015 0.015
° e ® [} ] ]
0.015 o o
= ¢ 2001074 2 0010 0010~
£ 0.010 2 ® g g
= 480 K = = =
= £ 0.005 £ 0.005 £ 0.005
0.005 | 510K 540 K 550 K
: =0.9315 p R? = 0.9225 R?=0.9715 ¢ R? = 0.9356
0 T T T T T T T 0 T T T 0 v T T T O T T T T
0 2 46 8101214 0 5 10 15 20 0 5 10 15 20 0O 5 10 15 20 25
delay time (s) delay time (s) delay time (s) delay time (s)
0.05
0.04
]
=
£ 0.03
C
2
£ 002 560 K
0.01 RP = 0.9508
O T T

T T T
0 5 10 15 20 25
delay time (s)

Supplementary Fig. 13 | Raw saturation-recovery data for 7 values. Temperatures were varied

in a range of 200-560 K. The coefficients of determination in R? are shown.
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Supplementary Tables
Supplementary Table 1 | Crystal data and structure refinement for [3]C®C>adm.

CCDC No. 2072466

Empirical formula Ci30 Hig0 Cla N2

Formula weight 1872.23

Temperature 95(2) K

Wavelength 0.90000 A

Crystal system Trigonal

Space group P321

Unit cell dimensions a=14.1202) A  a=90°.

b=14.1202)A  p=90°.
c=15.1303) A  y=120°.

Volume 2612.4(9) A3

Z 1

Density (calculated) 1.190 Mg/m?

Absorption coefficient 0.305 mm™!

F(000) 1002

Crystal size 0.100 x 0.100 x 0.050 mm?
Theta range for data collection 2.109 to 32.855°.

Index ranges —17<=h<=17, -15<=k<=15, —18<=[<=18
Reflections collected 28914

Independent reflections 3198 [R(int) = 0.0452]
Completeness to theta = 32.684° 99.6 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 1.000 and 0.693

Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 3198 /288 /347
Goodness-of-fit on F? 1.385

Final R indices [/>2sigma(/)] R1=0.0878, wR, = 0.2584

R indices (all data) R1=0.0879, wR, = 0.2587
Absolute structure parameter 0.10(4)

Extinction coefficient 0.21(3)

Largest diff. peak and hole 0.372 and —0.603 e. A3
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Supplementary Table 2 | Crystal data and structure refinement for guest-free [3]CC.

CCDC No. 1874315

Empirical formula Ci26 Hi32 N6

Formula weight 1730.37

Temperature 100(2) K

Wavelength 0.80000 A

Crystal system Trigonal

Space group P321

Unit cell dimensions a=14.0702)A a=90°

b=14.0702) A  p=90°
c=155603) A  y=120°

Volume 2667.6(9) A3

Z 1

Density (calculated) 1.077 Mg/m?

Absorption coefficient 0.078 mm™!

F(000) 930

Crystal size 0.200 x 0.100 x 0.100 mm?
Theta range for data collection 2.390 to 29.962°

Index ranges “17<=h<=17,-17<=k<=17,-18<=[<=18
Reflections collected 31268

Independent reflections 3598 [R(int) = 0.0312]
Completeness to theta = 28.685° 99.7 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 1.000 and 0.852

Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 3598 /266 /376
Goodness-of-fit on F? 1.053

Final R indices [/>2sigma(/)] R1=0.0676, wR> = 0.1817

R indices (all data) R1=0.0703, wR> = 0.1892
Absolute structure parameter —1.3(10)

Extinction coefficient n/a

Largest diff. peak and hole 0.216 and —0.285 e*A -3
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Supplementary Table 3 | Cartesian coordinates of methyl-substituted [3]C®C>adm.
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Supplementary Table 4 | Key features of solid-state rotations of [3]C®C>adm.

Temperature (K) T1 (s) 7(ps) krot (GHZ) X

200 0.0103 + 0.0005 217+ 11 4.61 £0.24 241+ 13
210 0.0122 + 0.0007 184 + 10 544 +£0.31 210+ 12
220 0.0182 + 0.0007 123£5 8.13 +0.31 143£5
240 0.0318 + 0.0007 702+ 1.4 143+0.3 85.4+1.8
260 0.0580 +0.0010 38.5+0.7 26.0+ 0.4 48.7+0.8
280 0.0890 + 0.0009 25.1+0.3 399+04 33.0+0.3
298 0.125 £ 0.001 17.9+0.1 559+0.3 243 +0.1
330 0.226 £ 0.004 9.87+0.18 101 £2 14.1+£0.3
360 0.368 = 0.003 6.07 £0.05 164+ 1 9.04 £ 0.07
390 0.557 £ 0.004 4.00+ 0.03 250+2 6.21 £0.05
420 0.741 £0.024 3.02+0.10 332+ 11 4.86+0.16
450 0.869 +0.033 2.57+0.10 390+ 15 4.29+0.16
480 1.37+0.21 1.66 +0.25 600 + 92 2.87+0.44
510 1.82 +0.30 1.25+0.21 798 £ 136 2.23+0.38
540 2.09 £0.22 1.09+0.11 919 +93 1.99 +£0.20
550 2.08 +£0.29 1.09+0.2 915+130 2.01£0.29
560 2.40+0.30 0.948 £0.118 1060 = 130 1.76 £0.21
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