Electronic Supplementary Material (ESI) for Materials Horizons.
This journal is © The Royal Society of Chemistry 2019

Electronic Supporting Information

Post-Assembly Dimension-Dependent Face-
Selective Etching of Fullerene Crystals

Cheng-Tien Hsieh,* Shan-hui Hsu,** Mandeep Chahal,® Subrata Maji,® Jingwen Song,®

Jonathan P. Hill,> Katsuhiko Ariga,** and Lok Kumar Shrestha,*®

#Institute of Polymer Science and Engineering, National Taiwan University, No. 1, Sec.
4, Roosevelt Road, Taipei 10617, Taiwan, R.O.C.

®International Center for Materials Nanoarchitectonics (WPI-MANA), National
Institute for Materials Science (NIMS), 1-1 Namiki, Ibaraki, Tsukuba 305-0044, Japan
“Graduate School of Frontier Science, The University of Tokyo, Kashiwa, Chiba 277-
0827, Japan

* Address correspondence to

shhsu@ntu.edu.tw
ARIGA .Katsuhiko@nims.go.jp
SHRESTHA.Lokkumar@nims.go.jp

S-1



A

Figure S1. Additionl SEM images of FNRs prepared using ULLIP method at liquid-

liquid interface of IPA and Ceo solution in m-xylene. Inset of the top right image show
the representative model structure.
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Figure S2. (a) Histogram of length distribution of the FNRs, (b) Histogram of
diameter distribution of the FNRs
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Figure S3. Additional STEM images of FNRs prepared at liquid-liquid interface of
IPA and Ceo solution in m-xylene.

Figure S4. Additional SEM images of FNS prepared at an interface of IPA and Ceo

solution in p-xylene. Inset of the top right image show the representative model
structure.
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Figure S5. Histogram of size distribution of FNS.
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Figure S6. Additional STEM images of FNS prepared at an interface of IPA and Ceo
solution in p-xylene.

solution in mesitylene. Inset of the top right image show the representative model
structure.
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Figure S8. Histogram of size distribution of FC estimated from 100 randomly
selected cubes.
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Figure S9. Additional STEM images of FC.
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Figure S10. Additional STEM images of FNR following EDA treatment.
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Figure S11. Histograms of length (a) and diameter (b) distribution of FNR-EDA.
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Figure S12. Additional SEM images of tubular hollow structures obtained after
chemical etching of FNR. Inset of the top right image show the representative model
structure.

Figure S13. Additional SEM images of FNS-EDA. Inset of the top right image show
the representative model structure.
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Figure S14. Histogram of size distribution of FNS-EDA.

Figure S15. Additional STEM images of FNS-EDA.
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Figure S16. Additional SEM images of FC-EDA. Inset of the top right image show the
representative model structure.
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Figure S17. Histogram of size distribution of FC-EDA.



Figure S18. Additional STEM images of FC-EDA.
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Figure S19. Typical TEM (a, c, e, g) and HR-TEM (b, d, f, h) images of FNR, FNR-
EDA, FNS-EDA and FC-EDA.
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Figure S20. The UV-vis absorption spectra of FNR, FNS, and FC before and after EDA
treatment. (a) FNR and FNR-EDA. (b) FNS and FNS-EDA. (c) FC and FC-EDA. All
the spectra were recorded at 25 °C by dispersing the samples in IPA (0.2 mg/ mL).
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Figure S21. (a) XPS survey spectra of pCeo, pC70, FNR, FNR-EDA, FNS, FNS-EDA,
FC and FC-EDA and (b) C 1s XPS core level spectra with deconvoluted peaks of pCeo,
FNR and FNR-EDA and (d) N 1s XPS core level spectrum with deconvoluted peaks of

chemically etched samples; FNR-EDA, FNS-EDA and FC-EDA.
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Figure S22. Effect of solvent washing on etching.
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Figure S23. (a,c) SEM and (b,d) STEM images of FNR incubated for 6 h before and
after single washing with solvent mixture (IPA + m-xylene + EDA)
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Figure S24. Additional STEM images showing hollow tubular structure obtained
under optimized conditions.
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Figure S25. The amination process of fullerene.
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Data: <Untitled> N3[c] 3 Dec 2018 18:01 Cal: 15 May 2006 11:45
Shimadzu Biotech Axima CFRplus 2.9.3.20110624: Mode linear, Power: 122
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Data: <Untitled> N3[c] 3 Dec 2018 18:01 Cal: 15 May 2006 11:45
Shimadzu Biotech Axima CFRplus 2.9.3.20110624: Mode linear, Power. 122
%olnt. 1.9 mV[sum= 163 mV] Profiles 1-85 Unsmoothed
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Data: <Untitled> N3[c] 3 Dec 2018 18:01 Cal: 15 May 2006 11:45
Shimadzu Biotech Axima CFRplus 2.9.3.20110624: Mode linear, Power: 122
%Int. 0.6 mV[sum=47 mV] Profiles 1-85 Unsmoothed
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Figure S26. Mass spectra of FNR after chemical etching.
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Figure S27. (A) SEM and (B) STEM images of the effect of chemical ethcing in
different mixing ratio of EDA:TEA. (a) EDA:TEA =0:100, (b) EDA:TEA =10:90, (c)
EDA:TEA = 20:80, (d) EDA:TEA = 50:50, (e) EDA:TEA = 80:20 and (f) EDA:TEA
=100:0.
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Figure S28. Contact angles of FNR, macaroni fullerene (MF: for comparison), and
FNR-EDA. The FNR and MF have a similar contact angles with superhydrophobic
properties. The fullerene tubes (FNR-EDA) obtained after chemical etching of FNR
shows hydrophilic properties.
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Figure S29. Hydrophilicity of FNR before and after EDA treatment. Prior to etching,
FNR cannot be dispersed in water. Following etching, it can be dispersed in water.
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Figure S30. The solubility difference of (a) Ceo powder or (b) FNR in different solvents.
Ceo powder (1.4 mg) can be dissolved rapidly in 1 mL pure m-xylene or 1 mL EDA
solution after sonication for 10 min. However, in m-xylene/IPA (m-xylene: 1 mL; IPA:
5mL) and EDA/IPA (EDA: 1 mL; IPA: 5 mL) mixtures dissolution was less rapid. The
solubility of Ceo powder in m-xylene/IPA and EDA/IPA mixtures are 0.07 and 0.16
mg/mL, respectively. Moreover, the solubilities of post-assembled FNR in the m-
xylene/IPA and EDA/IPA mixture are 0.03 and 0.11 mg/mL, respectively. The
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solubility of FNR is lower than Ceo powder in the same solvent or solvent mixture.
However, while FNR resists dissolution (compared to Ceo powder), it is still slightly
dissolved in EDA/IPA mixture. Green arrow represents the undissolved Ceso powder
and FNR.

Figure S31. The possible mechanism of post-assembly FNR etched by EDA. The
crystal plane on the wall of FNR is the (001) plane of hcp. The (001) plane of hcp has
the highest occupied space of atoms and the smallest vacancy thant other planes of hcp,
which can effectively resist the infiltration of EDA solution. Hence, the etching order
of FNR by EDA was from ends of FNR.
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Figure S32. Sensing performance of FNR before and after chemical etching (FNR-
EDA).

S-19



