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Near infrared photoluminescence modulation by
defect site design using aryl isomers in locally
functionalized single-walled carbon nanotubes†

Tomohiro Shiraki,*ab Shunsuke Uchimura,a Tomonari Shiraishi,a Hisashi Onitsukaa

and Naotoshi Nakashima *b

We newly introduce positional isomeric structures at the defect

sites of locally-functionalized single-walled carbon nanotubes

(lf-SWNTs) showing unique near infrared photoluminescence (PL).

The observed PL is significantly different from that of typical para-

aryl modified lf-SWNTs; i.e., (i) an extraordinary PL wavelength shift

of the meta-aryl modified lf-SWNTs, and (ii) remarkably red-shifted

PL from the ortho-aryl modified lf-SWNTs are revealed.

Single-walled carbon nanotubes (SWNTs), which have a cylindrical
graphene wall, are fascinating nanomaterials that have superior
mechanical strength, electronic and thermal conductivities, and
optical properties.1–3 Functionalization of SWNTs has been con-
ducted by chemical modification, resulting in their solubilization
in solvents and chemical substituent introduction.4–6 Recently, a
new type of functionalization of the photoluminescence (PL)
properties has been reported by local chemical modification of
SWNTs, and the locally-functionalized SWNTs (lf-SWNTs) have
been prepared by oxygen atom-doping7–12 and sp3 defect-doping13–20

on the sp2 carbon network of SWNTs. Consequently, new emissive
sites are created on the tubes by this treatment, providing red-shifted
PL (E11*) with enhanced PL quantum yields compared to the original
PL (E11) of the non-modified (pristine) SWNTs. Thus, chemical
modification (doping) induces an energy level shift providing
narrower band gaps based on modification-induced partial
symmetry breaking of the tube structures, and then the excitons
generated upon photoexcitation are trapped at the modified
sites and emit E11* PL.8,21,22 In particular, organic reactions
using diazonium chemistry13–16 and reductive alkylation17–20

allow us to introduce various chemical structures at the modified
sites, which is a significant advantage compared to ozonization
producing ether or epoxide structures on the tubes with less

selectivity. As a characteristic feature of the E11* PL, the chemical
structures of the modified sites strongly influence the PL properties
of lf-SWNTs. Wang et al. extensively investigated a series of sp3

defects by modifying the para-substituted aryl groups13 and alkyl or
fluorinated alkyl groups,18 in which a relationship was observed
between the structures and the observed wavelength shifts based on
the Hammett substituent constants (s) and inductive constants (s*),
respectively. We reported the molecular recognition-driven wave-
length shift of E11* upon structural change in the modified phenyl
boronic acid on lf-SWNTs by selective binding of saccharide
molecules.16 Moreover, noticeable peak shifts were observed
by proximal modification using bisdiazonium compounds15 or
other divalent compounds.18,20

Here we newly introduce ortho- and meta-substituted aryl
groups to lf-SWNTs (Fig. 1) and reveal unexpected PL phenomena;
i.e., (1) a different wavelength shift of the lf-SWNTs tethering meta-
substituted aryl groups from the expected ones in the reported
linear relationship between the Hammett substitute constants of
the para-substituted aryl groups and the PL wavelength shift
values, and (2) a remarkable red-shift in the PL of the lf-SWNTs
tethering ortho-substituted aryl groups without PL intensity
enhancement.

Fig. 1 (a) Structures of iX-Dz and (b) schematic images of lf-SWNTs-iX, in
which i represents substituent positions of para, meta, and ortho forms and
X represents functional groups.
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