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Figure S1. Photos of 1-SWCNT, SWCNT and 1 in CHCl3, demonstrating that 
SWCNT can be well dispersed in CHCl3 by 1. 
 

 

Figure S2. HR-TEM of 1-SWCNT assembly. The TEM sample was treated with THF 
to remove excess unbound 1, for keeping better visualization of debundled SWCNT.  
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Figure S3. Photos of SWCNT with C60 derivatives 2-4 in THF solution, showing that 
SWCNT can also be dispersed with the aid of other alkylated-C60 with different alkyl 
chain length or different number of alkyl chains.  
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Figure S4. Raman spectra of 1-SWCNT in THF (1) and SWCNT in SDS aqueous 
solution (2) by the laser excitations at 532 nm. 
 

The enhanced D band in the spectrum of 1-SWCNT could be an indication that 

sonication during the sample preparation may cause shortened carbon nanotubes or 

defects along the sidewall. In addition, compared to the spectrum of SWCNT in SDS 

aqueous solution, an additional band at 233 cm-1 in radical breathing mode (RBM) 

region appeared in the spectrum of 1-SWCNT, which can be assigned to metallic 

nanotubes. This is consistent with the appearance of G- band.[1] In general, SDS has 

no selectivity for dispersing SWCNT in aqueous solution. Interestingly, our C60 

derivatives have selective solubilization of SWCNT, as we can find that metallic 

SWCNT were evidently enriched from the Raman spectra. The separation of metallic 

nanotubes and semiconducting ones has been reported, which greatly pave the 

practical applications of SWCNT when only metallic or semiconducting tubes are 

needed.[2] More details need further investigation in our future work. 
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Figure S5. DSC thermograms for the first heating and cooling of 1-SWCNT 
assembly. 
Compared with the DSC data of 1, both the phase transition temperture and melting 
piont decreased obviously.[3] The phase transition temperature and melting point will 
not change if there is apparent phase separation between SWCNT and 1. Therefore, 
one can conclude that SWCNT uniformly dispersed in 1. Consequently, this DSC data 
also provided additional proof of the strong interaction between 1 and SWCNT. 
 
 

 
Figure S6. Schematic photoelectrochemical cell configuration. 

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2011



    

S6 

 
Figure S7. SEM images of a) 1-SWCNT, b) 1 and c) SWCNT on FTO.  
 
The aggregation of 1-SWCNT and 1 for photoelectrochemical measurements were 
obtained by rapid injection equivalent volume of methanol to certain amount of THF 
solution of 1-SWCNT and 1 (concentration of 1 is 0.2 mM). Afterwards, these 
aggregation were cast onto FTO for further photoelectrochemical measurements. 
SWCNT/FTO was prepared by casting from SWCNT/SDS solution. The clustering 
behavior of 1-SWCNT and 1 looks not similar. The former forms hierachical 
nanostructure with SWCNT covered by 1 and aggregation of 1, while the later forms 
mixture of nanoparticles and nanobelt. All these films have similar thickness of 3~4 
μm, which were evaluated using Surf Corder ET 200. 
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Figure S8. a) Photocurrent action spectrum of 1-SWCNT/FTO; b) UV-Vis-NIR 
spectra of films of 1-SWCNT/FTO, 1/FTO, SWCNT/FTO and FTO itself.  
 
UV-Vis-NIR spectra were obtained with Shimadzu UV-3600 spectrophotometer 
equipped with an integrating sphere. The IPCE value reaches close to zero at λ = 
550-740 nm, which does not match the absorption of 1-SWCNT/FTO. It should be 
noted that the absorbance of 1-SWCNT at λ = 550-740 nm mainly comes from 
SWCNT. These results show that the contribution by the excitation of 1 is dominant 
for the photocurrent generation while the one from SWCNT is minor, which is 
consistent with the photocurrent enhancement of 1-SWCNT/FTO compared with that 
of SWCNT/FTO in Fig. 3. 
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Figure S9. AFM image of 1-decorated SWCNT FET device, where 1 forms 40 to 120 
nm sized clusters on SWCNT surfaces. The size of 1 clusters along SWCNT is 
estimated from the height information of the image. 
 

 

Figure S10. Photoresponse of 1-decorated SWCNT-FET to the illumination cycle of 
an Osram lamp (12 V, 100 W) with a bias voltage at 100 mV and a gate bias at 0 V.  
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Figure S11. SEM images of 1-SWCNT a) and SWCNT b) deposited onto a glass 
slide from THF solution after ultrasound treatment of the mixture of 1 and SWCNT 
about 10 min, inset: photos of a water droplet on the 1-SWCNT or SWCNT surface, 
the static water contact angles are 154° and 104°, respectively. 
 
 

a) 

 

b) 

 

c) 

 
Figure S12. Water repellent property of 1-SWCNT surface for evaluations in the 
resistivity to a) solvent, b) ionic strength and c) pH. 
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The 1-SWCNT assembly provides an anti-wetting surface, which is essential for 

practical applications. The SEM image (Fig. S8) shows that the surface of SWCNT is 

fully coated with the assembled 1 showing different thickness and roughness in nano 

and micrometer scale. The hydrophobicity of 1 and the surface roughness in both 

nano- and micrometer scale provided by SWCNT are expected to have a water 

repellent feature, which was proved by the static water contact angle (CA) 

measurement. As shown in the inset of Fig. S9a, the surface of the 1-SWCNT 

assembly features superhydrophobicity with a CA of 154°. In contrast, the surface of  

the SWCNT film coating without 1 shows lower roughness with a CA of 104° (Fig. 

S9b), which is hydrophobic but not in the range of superhydrophobicity.  The 

superhydrophobic films of 1-SWCNT possess high durability under a variety of 

environmental conditions, such as various acidity, basicity, ionic strength and polar 

solvents (Fig. S10). Creating superhydrophobicity of nanocarbon materials would be 

beneficial for their applications in optoelectronic devices to prevent the effect of water 

on the performance of devices which require high durability in environmental 

conditions. Although lots of research achievements have aimed at construction of 

superhydrophobic materials composed of nanocarbons such as SWCNT[4]  and C60 

derivatives,[5]  so far, there is no study trying to go beyond such a surface 

morphology control, e.g., to explore their optoelectronic features together with the 

wettability control based on the same nanocarbon components. Herein, the easy 

fabrication and high stability of the superhydrophobic 1-SWCNT assembly would 

broaden the scope for potential applications of nanocarbon hybrid materials. 
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a) 

 

b)  

 

Figure S13. a) Steady-state fluorescence spectra of 1 (curve i) and 1-SWCNT (curve 
ii) in THF; b) time-resolved fluorescence spectra of 1 (red) (at 715 nm) and 
1-SWCNT (green) (at 712 nm) and their fitting curves (black) in THF, λex = 400 nm.  
 

The fluorescence decay of 1 in THF was fitted with a single-exponential function and 

resulted in a lifetime of 1320 ps at 715 nm. In the 1-SWCNT THF solution, a 

biexponential decay function was observed with lifetimes of 950 ps (55%) and 2000 

ps (45%), where the shorter component reflects an energy transfer process between 

the two complexes and the longer one is attributed to recombination of the first 

excited state of 1. 
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Figure S14. UV-Vis-NIR spectra of diluted THF solution of i) 1-SWCNT, ii) 1 and iii) 
difference spectrum by substracting curve ii) from curve i). The concerntration of 1 is 
about 0.03 mM. 
The UV-VisNIR spectra show that at 355 nm, C60 mioety was mainly excited in 
1-SWCNT in TRMC measurements. 
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