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General Methods.  All chemicals were of reagent grade and were used without further 

purification except as noted below. CB[7] was synthesized and purified as described in 

reference 6b. UV-Vis absorption spectra were recorded on a Hewlett-Packard 8453 

diode array spectrophotometer with a temperature controller. FT-IR spectra were 

recorded on a Perkin-Elmer Spectrum GX FT-IR spectrophotometer. Photoreaction was 

performed in a quartz cell by irradiating UV light at RT using a Rayonet photochemical 

reactor (Model: RMR-600) equipped with 365 nm lamps. 

 

Gelation.  In a typical experiment, CB[7] (3–5 wt%) was dissolved in 1.0 N sulfuric 

acid (1.0 mL) with mild heating. The mixture was left to cool to RT. When the mixture 

appeared as a solid-like material, the container was inverted. The sample was considered 

to be a gel if it did not deform. Other acids such as HCl, HNO3, HBF4, H3PO4, and HPF6 

were also tested by the same method. 

 

pH dependence of gelation.  To diluted sulfuric acid solutions (2.0 mL) of different 

molar concentrations, CB[7] (60 mg) was dissolved, and the pH of the mixture was 

measured. The mixture was transferred to a quartz cell and gently heated, then left to 

cool to RT. The gelation of the mixture was monitored by its transmittance at 600 nm 

(Figure S1a). 

 

Gelation temperature measurements.  The change in transmittance of CB[7] (3 wt%) 

in 0.5 N sulfuric acid as a function of temperature was recorded.  After the mixture in a 

quartz cell was heated at 62 °C, it was allowed to cool to 28 °C with a cooling rate of 
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1 °C/min. The cooled sample was reheated to 62 °C with a heating rate of 1 °C/min. 

During the temperature change, the transmittance of the sample was recorded (Figure 

S1b). 

 
Figure S1. a) pH dependence of the CB[7] gel formation.  The gel formation was 

monitored by transmittance at 600 nm with samples containing CB[7] (3 wt%) in 

diluted sulfuric acid.  The gel is formed in a pH range between 0 – 2 (region II, shaded 

area), and transparent sol (region I, pH < 0) or white precipitate (region III, pH > 2) is 

formed in other pH ranges.  b) Thermo-reversible sol-gel transition of the gel 

monitored by transmittance change of CB[7] (3 wt%) in 0.5 N sulfuric acid as a function 

of temperature: cooling (? ) and heating (? ).  The cooling and heating rates were 

1 °C/min. 

 

pKa measurement of CB[7].  The pKa value of CB[7] was measured by titration. A 

solution of CB[7] (109 mg, 93.8 µmol) dissolved in water (10.0 mL) was titrated with 

0.10 M HCl. The pKa value of CB[7] was obtained from the inflection point of the 

titration curve. 

 

AFM experiments.  A Nanoscope IIIa Multimode AFM with an E scanner (Digital 

Instruments, Santa Barbara CA) was used to image gel fibers. To observe morphology 

of gel fibers, CB[7] gel (5 wt%) was transferred on a freshly cleaved mica substrate, and 

the fiber structure was observed using the tapping mode under the ambient condition 

(Figure 2a and 2b). For height measurements, CB[7] gel (3 wt%) was transferred on a 

freshly cleaved mica substrate, and the sample was dried in the air for 6 h, then the fiber 
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height was measured using the tapping mode under the ambient condition (Figure 2c 

and 2d). Figure S2 shows AFM amplitude and height images of CB[7] gel with a height 

profile. 

 
Figure S2. a) AFM amplitude image. b) AFM height image. c) A height profile 

measured along the dotted line in b). The height of a thin fibril is ~ 1.2 nm (marked). 

 

Small angle X-ray scattering (SAXS) experiments.  The X-ray diffraction 

experiments were performed in a transmission mode with synchrotron radiation at the 

Pohang Accelerator Laboratory (Beamline 3C2 and 4C1). To investigate structural 

changes on heating (Figure S3), 3 wt% of CB[7] gel sample were held in an aluminum 

sample holder, which was sealed with 7µm thick Kapton films on both sides. The 

samples were heated with two cartridge heaters and the sample temperature was 

monitored by a thermocouple placed close to the samples. In addition, 2D diffraction 

patterns of aligned samples (achieved by mechanical robbing) were recorded at 25 °C 

(Figure S3 inset). 
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Figure S3. Small angle X-ray scattering (SAXS) data of CB[7] gel at two different 

temperatures. Two peaks at 2θ = 0.83° and 1.68° (marked) are observed at 25 °C (black 

line), which disappear upon heating at 45 °C (red line) and reappear upon cooling back 

to 25 °C.  Inset: 2D SAXS data of an aligned sample recorded at 25 °C.  

 

Single crystal X-ray diffraction.  Slow vapor diffusion of acetone into a solution 

containing CB[7] dissolved in 1 M sulfuric acid produced needle-shaped single crystals 

suitable for X-ray work. The diffraction data from a single crystal of CB[7] measuring 

0.60 × 0.20 × 0.10 mm3 mounted on a loop were collected at 90 K on a ADSC Quantum 

210 CCD diffractometer with synchrotron radiation (λ = 0.80000 Å) at Macromolecular 

Crystallography Wiggler Beamline 4A, Pohang Accelerator Laboratory. The crystal was 

rotated through a total of 360°. The raw data were processed and scaled using the 

program HKL2000. The structure was solved by direct methods, and the refinements 

were carried out with full-matrix least-squares on F2 with appropriate softwares 

implemented in SHELXTL program package. X-ray data for CB[7] 

·acetone·20H2O·2.5H2SO4: C45H93N28O45S2.5, M = 1826.54, monoclinic, P21n (No. 14), 

a = 12.815(3) Å, b = 19.973(4) Å, c = 31.372(6) Å, β = 92.46(3)°, V = 8022(3) Å3, Z = 

4, T = 90 K, µ(λ = 0.80000 Å) = 0.262 mm-1, dcalc = 1.512 g·cm-3, 20956 reflections 

measured, 11083 unique (Rint = 0.0222), R1 = 0.1030, wR2 = 0.3584 for 10353 
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reflections (I < 2σ(I)), R1 = 0.1056, wR2 = 0.3664 (all data), GOF = 1.902, 1293 

parameters and 64 restraints. All the non-hydrogen atoms were refined anisotropically. 

Hydrogen atoms were added to their geometrically ideal positions except water 

molecules. Figure S4 shows molecular packing of CB[7]. Figure S5 shows hydrogen 

bonding distances of CB[7]. 

 

Figure S4. Organization of CB[7] molecules in the crystal structure of 

CB[7]·acetone·20H2O·2.5H2SO4: views down on the a axis (a), b axis (b) and c axis (c). 

Brown balls represent water molecules or hydronium ions. Encapsulated acetone 

molecules and sulfate ions between CB[7] molecules are omitted for clarity.  
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Figure S5. The hydrogen bonding network in the crystal structure of CB[7]· 

acetone·20H2O·2.5H2SO4 is presented with dotted lines (red: C–H···O hydrogen 

bonding, white: O–H···O hydrogen bonding) and bond distances are given in the figure. 

Red balls represent water molecules or hydronium ions. Encapsulated acetone 

molecules and sulfate ions between CB[7] molecules are omitted for clarity.  

 

Guest-induced stimuli-responsive behavior.  CB[7] (102 mg, 87.8 µmol) was 

dissolved in 1.0 N sulfuric acid (2.0 mL) and 0.1 equiv of trans-diaminostilbene 

dihydrochoride (2.5 mg) was added to the solution. The mixture was heated and 
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sonicated, then the clear sol was cooled to RT to form a gel. This gel was then irradiated 

365 nm for 2 h in the photoreactor, then yellow sol was formed. This sol was placed in 

60 °C oven for 12 h, then slow cooling to RT regenerates a pale-yellow gel. This 

procedure was repeated for several times and after each step, the transmittance of the 

sample at 600 nm was recorded. 


