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LN EDEEF Graphene nanoribbon (GNR) is a narrow strip of carbon atoms which has exceptional properties and are
being exploited for various applications, such as in semiconductor electronics, solar cells, sensors, LSI nanowiring. Unzipping
multi-walled carbon nanotube by sonochemical method is scalable, which high quality GNR can be obtained. We have already
succeeded unzip double-walled carbon nanotube (DWNT) to obtain single-layer GNR (sGNR).
Single-layer GNRs obtained from DWNT has the width of over 10 nm, and their electric
sGNR/C15-NDI . . . . T . . .
! properties are semimetallic. For electric application, it is preferable to be semiconducting. Single-
\ layer GNR adsorbed with nanoparticle of N,N’-bis(n-pentadecyl)tetracarbonate-
r/ “ naphthalenediimide (C15-NDI) (Fig. 1) was measured by field effect transistor (FET) and point
' contact current-imaging atomic force microscopy (PCI-AFM) as shown in Fig. 2. In the result,

C15-NDI “7 50 nm electric properties were controlled by changing amount of adsorbing nanoparticle of C15-NDI on

sGNR. The method is prospective for engineering band gap on sGNR. The band gap is generated
on the neck structure formed around the C15-NDI nanoparticles. The plateau width of the I-V

Fig. 1. AFM images of

sGNRs with C-15 NDI
- Furthermore, the electric properties of NDI-adsorbing sGNRs change from semimetallic to p-type

curve of NDI-adsorbing sGNR is proportional to the number of NDI nanoparticles per unit length.
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Insulator Conductive

Il semiconducting. By using same method with planer organic molecule,

Au electrode

hexaazatriphenylene- hexacarbonitrile (HAT-CN®6), I also succeeded in changing electric
properties of sSGNR from semimetallic to p-type semiconducting. By PCI-AFM and FET

measurement, [ confirmed in the transition of the electric property of the sGNR.
Fig. 2. Schematic of electric

Furthermore, it was found that HAT-CNG6 is stronger molecule than C15-NDI for band gap
measurement by PCI-AFM

opening in semimetallic SGNRs that are wider than 10 nm. The plateau width of the I-V

t 5.4nm curve of HAT-adsorbing sGNR is also proportional to the number of HAT-CN6 nanoparticles per
v =

+ {\‘ Mot unit length.

I also achieved to unzip single-walled carbon nanotubes (SWNT) to obtain narrower sGNRs (Fig.
3). I measured obtained sGNR by PCI-AFM and Raman scattering. From the result of PCI-AFM
measurement, this SGNR found to be semiconducting. For the measurement of chirality-dependent
unzipping process, Raman spectra were obtained from the samples with changing sonication time.

I found that SWNTs with smaller diameter unzip much easier those with larger diameter.

Fig. 3. AFM image of
sGNR obtained from

I have used sonochemical method for unzipping, but the
mechanism of unzipping was still unclear. I focused on the dispersant
polymer, poly(m-phenylenevinylene-co-2,5-dioctoxy-p-phenylene-
vinylene) (PmPV), and I succeeded in unzipping DWNT with chemical products which has
moieties of PmPV, 4-methoxyphenol and trans-stilbene. This result suggest that hydroquinone

structure and phenylenevinylene structure are important for unzipping. The result also suggests

the possibility of producing high-quality GNR on a large scale at low cost. The following
unzipping mechanism can be considered; C-C o-bonding on CNT breaks and radical carbons are  Fig. 4. AFM image of
generated under sonication. These radicals form new bonds with hydrogens from 4-  sGNR unzipped by
methoxyphenol or trans-stilbene, resulting irreversible unzip. the entire CNT is unzipped to be

GNR by the process repeated. I also succeeded in unzipping DWNT with a typical radical initiator, 2,2’-azobis[2-(2-imidazolin-
2-yl)propane] dihydrochloride (AIPH, Fig. 4). The obtained results in this work can greatly contribute to know the mechanism

of the sonochemical unzipping.
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BEDTS 72 OBFHBHET U 32T 100 FE<. KoL 7 hoos 2
HEELTHFENTWS, BMRO TS 722375725 /7 URI(GNR) EEENR, 20E
SR Ty DIREBRRESEEL, 2y PREEHEOBRREZND I EBERICEETH S,
Jiao 6B E LN R T/ Fo—TE2HUBODNEBFRETEHRSMICUOE (72T
7) FkIE GNR FRICA<EDNTH D, WEHFEIINZBAL. ZHOWNDB I UEEH —
ReF/Fa—TEOWNDET > P9 T35 ETREOHERE GNR EBICRIILE. LML, &
DEELRBT P TOARZZALARELUL D2 TEST, i, HHHAR) 18T
EAWNTRY., TPy TOANZZLIROEIDEELLSNTNS, £T, OMUBICL-T
F/Fa—TD—MITRMENTE, QBFHABOMBIC L > TRMGEREAELTH/ Fa—7F
BEOMMN, VR IKKARZEVNSIBOTHED. ZODEQIZDWT, —EAT 0NN/ CNT
HEHAZUORSHORBICESE VoS I al—2a X5 MENHY, FHANS N,
RATBERLERICETET 24 & poly(m-phenylenevinylene-co-2,5-dioctoxy-p-
phenylenevinylene) (PmPV)2 T P I 72 - T, Ui C-CHEEEA ML, R KRz -
TWaHEEZ/, TZT PmPV QEFREIETH S, 4-methoxyphenol, trans-stilbene 2 PmPV M {%
DOIERL, 27Ty 7RERTT 0 EHNz. TOEE, MEELDITDWNTOT > Py
THETL . GNR DIERBHER S Nz,

Fio, GHEEPIZ S PANNEETNE T > Py INEFTT2EHE X, RENRS DHIIVE
T#H % 2,2’-azobis[2-(2-imidazolin-2-yl)propane] dihydrochloride (AIPH)% Vs, I DWNT O F
YTy TREAI, TORE, AIPHRT Py TRAENTH DI ENShol, SEES N
Bid, BEEZHAWECNT P OOy THROANZALBBIIRELFETELLHFINS,

INEDMERNEL, BEELREFHRELTRAEENSEVWS S 722 F VR DERDED
{CFEBEMDAIEE LU TEETHD, I—FF /) Fa—TRBERCIOTOEMIMBENI R
BB ROMAICEEELTEZLOTHO, KEEETH S,

Lo TAMNIL, Bt (EE OFEMBLELTTHHMMMEERDBZLOEED B,
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