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1. #48

CVD EIZ LD —ARr T/ Fa—7 CNDERIL, KX b, KEGEAARER E & W) HEH
MHAERICE L CIEFER E o TS, BUEEMA I =X NZET N ED DT, W
S ONDERMBEET VNERINTEY, £ TOET NV THIESBICRENEEL, ThHD
IRFBEDHTHT 22 L12L>T ONT OERICER D LV o7 TEBBLE & LTWS. Ll
CVD JEIZ2 LD ONT ARITFENY A D3 fRBi g L AR N EMECIE B > TV DT O B L
STV, Nozaki HVITEBEOHERE 2 HNE 2 & T, 79 X~ CVDICBWTHRHERE LTA
B WA ORSEREE Z27 LT 5. Nozaki & 1% CNT ARk, MR RIZBV T CHg 23
ARE L, ZH 5D CHe AR EICEAE L, CNT OBARICEN S LHREL TS, £7- Zhong
SOHFEEIC A X o HAZFERE T 575 X~ CVD IZBWT, CHs 6 CHy BWAERKL, 207
TF LU CNTs ARO[ HEEEATDHZLEERLTVD., WTNORKIGRREIZBNTH A X v
DNE B B AR WG L, ONTs OBAERICER D L0 ) I VIEAZ UREAE L THIRER
XRNTFLERY, ZRODNIGHE E L TERA L TWA AT L TWD. £ITFEDOIZETIL,
JERI A L LTT v a—n & W=7 v a—/v CVD, —fg{bi#E % 7= HiPeo 1550, JFEHFIC
EDOKEIRS ZH 5 super growth 5 (SG I LY SWCNT O KEAED AIFEIC /R ~72. 2D
EMBERFOORH S LITOH PEHEERKEEH LRI LWL Z ERHElSND. £ 2 TR
TETITEACVD IZBWTC, RFBIRE L TAZ L ) — LW, EBEOA BRIV TG
G BEERIC D FABEmEZERIZHERY, BEOWEEICLIWMEELITI Z LITL-T, &
) Fa—TEEREO KIS E R LT
2. KB

ATALER S 7= i) 3 5 T ESUF R O A 5E O P REICERE Sh, ZEENIC ArH, G L7
OEGNRE £ THIET 2. HEENORE DN SSREIZE LT 30 o MiE Lictk, WEO T A %8k
KL, —EORETREREL Ar DIRET AZEAL, AREOH T L FOS S, FUSED
HAD % 500 um D E LR —/L 2 0% L OBEEEZSEHITEA L, BROITEEIZ L 290 %
1T-7=. CNT AT A% CVD, 7 /L=a—/L CVD CENENEKESGMTITo72. £F=T71ra—
JL CVD IZBI L Ci%, 500°C~1100 °C TEBRZIT-7-.
3. HBR-ER

A K2 CVD TOD CNT BRI ERBWNT, L BN K D XA % v O RO 57172012,
AREE(700 °C) & FIR TRIBEDIRA N A &8 LIZ3A O R bl U=, fE IR o#s& L&
FF BHNERE 700 °C ZHET S L, BB TIZA X VN L, KZENEIMLTWDHZ &N
MR TED., ZOZEND, EEIITAZ BRI LGy, BIDRIGKBENRAERL, FEo7TKkFE
JT-HAHy, & LTERLIZZ EDMERRTE 5. £7- ONT ARGEFE TR6), (28), (32), @4)DE—7
DROIT. ZOFREED S CNT GRFFIZEIT 2 A 7 o O fRBIETT B F L 2 (26) & =F L /(28)
DERPHERRHED . 2O Z LD ONT BEGERFRICIS VT A X U0y T MR 225 L, CNT
DOERDPIEE D LV H X0, R EICHBV\ T 2CHy—C,H, + H, , 2CH,—C,H, +2H, F720%




CH—CH, + Hy, D X 5 R RUGAHTEME S LCHh Y, Ttk H, @A 2RO RILKE D
RIEICWAE L, CNT OARIZERD &) ZE 2R LTV,

WIZT /v 2—)L CVD IZBA LTI, ENENDORINRE D~ A AT "V EERO O TESME
L7 D& fEOFHE Tl Lz, AR IRAS00 °C), iR (800 °C), Ak _ERRSL(1000 °C)
TORREZX VIR T. =F ) —VOSRIZ X D ERAERMITAKRAS), 7EF L (26), =F L
Q) TH Y, D F T T 25 DTN L > TKEZF Lo DAERENEML TV Z
ENGND. fREED = 2 ) — VDo R AT S8 H 1T 500 °C L 800 °C TR E < R i, 1000 °C
THMFICF ZEFTREIREIRONRN. 2O EnbxF ) — /U3l Z2 R L72< T
1000 °C LA EDIRE CIRIZIEZRRIIDREIND EEZZXLND. ZORERND AKX 2 CVD [FEkIZT
NaA—/LCVD THLTEF LU e TF L UNKISWE & UTAERL, R E L CNT O
RN D b DT LIRS . KD FRE T o APIZEREINTEY, ZOKD1IT
X o TGS HEEF SN A T- 010, T3 —/L CVD TEHFEED CNT WERKT A D77 L # 2
SY IR

FOSIRE & CNT OMEZRT GD thE K, TEHFLY, =F L OEREOBBZRER 2 TR
9. 800 °C L FOSIRETIIAK, 7TEF L, =F Lo OEREOHIMIIEY, G/D Him b
LTWD2, 2o OWEOAERETIEIMEMICSH HI2HED 5T, 800°C #x25 & G/D Hix
ST LTEDY,1000 °C LLETIZ OCNT AR T HEE TWHRWNZ ERa0 5. X2 XV 1000
C UL EOBEIBIRICB W CTRICHTT= B N ER SN TV D DI TlidZe <, BUSE DR & IT 1
IMERNC S D Z & 0vn, X ) —LVONREEITT LAHE LW HANCHEA TWD Z E RGN 5.
ZOZEMNL ONT AEROMBESAIZINETEZONTWD X I X ) — )L OB fRCi FE D
A TIEARV. BEEDOWIZE T Shibuta & Suzuki NIAMFZE Tl & L THWT WS Fe F /R 1D
AR ZHEERICE VRO TWD., ZORERNL THRIT S &, B 2nm O Fe KOt RIEE L%
900 CL 720 SWCNT OAERHHL Z 572 < R 2REICHY T 5. 202 Lo b EiREk Tk v
DIFMFES 2 2 & OBV AA T RFBIR TN T 2 Z EA KRR 2D, BARIZE LR,
FIERI RN XY T Ko TRELRDZETRETDE, ZEI—RF ) Fa—T
DERICENDL EEZ DD,

4. $55

AREBRTITEVCVD JEIZ LA ONT BB TO R 2, =& ) —)LOSRIZ L A 0L %
AR D T2, FEEEROA RIS G EEy 2k E I 'O EE I L DT 21T 7
ZORERIS CNT ARFFOR S E L L TA X CVD, 7/ba—L CVD iz 7 vF L b mF
L > O MR-, ST SWONT AT EUR AT A O 43 iR A3 IR C i 7Ze < bR v
DORENFKTH D Z &Nl S 7.
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[(HE] » TR HOERELET 277 — L U8RI, Zhon7 7 — L o akmsk
OMEITMZ T, AHEHROEE R AT H0IL, 77— L U BRARRRFE LS~
B AT HMOREEM TH D, L LARRE, SMIMEE AR T DEIC, AN
77—V tNORR A LB L, < OIPE SRR ZAE T TLE S &) RijE
WD, ZDID AT 7 — L U FHEAROBRGRUT W TEREEGRE & 72> T b,
ZOMBEEMR L, MR EAKT 2 FEO—2E LT, ZhETnaesrfbro—1r v
DEHSIEDIE I N T E T2, ™" F b7 7 — L U OHIZIE, CeCls D X 9 (I & EE
KEGERVE—OWEL L THLNLTNDILONRH Y, T LITHEKHTHVIRHE — a s
VHERERT D720, REANC L o Toa S UM OB R E =T D, UL, e
FoALT T — L ORIIEREZREE LT E £ B RN Z & £ 720, Hiio e Ak
DERP TR TH D, T Z TR TIE, RFET T — 1 CeBrg "OBEMIGICHEH Lz,
CeoBrg I3 1992 41T Birkett HIZ L > THIO THE SN 7 T — L UFEERTH Y | BHITH—
DERME L THDLZENTELHD HIEAME L LTHETHL EEZHND, L,
ZD—F T, AR~ DOR D TREIRME D 72 912, CooBrg D532 FRNAL ORI 72 & X
JEDEILZ I E T, CooBrg OE LS DOFENLITHT T2 e SAIMAGRIE L 720 155 O
Thh, ALRT7 77—V UFERODARIETHLEEZDBND,

AIFETIET Va3 — T 8D CeBrg DEHASNIZ LY, T/hadx 7T —1 2 Cgp(OR)s D
B EREFI Lz, BERESNLTWDIEEAEDT L aXxy 7T —L idna b7 5 —
L DB L > TERES TN D0, BRI ERUIIER ICRE 2 7 7 — L Rk
Thbd, Fio, EFETIET VX RITEHERRGERO n BEERMEE LTHWD 7
T—LUBEAROAHIE L LTHIESHTRY 2, Tafy 77— O EE
FOBENPOEBERMESHE THL EEZEZHND,

[5E2BR] LLF DA F— IRV, Ceo(OR)g DA% iR A T2,

Scheme 1.



[#EREBL] CeBra D7 /L a— /W X DBEHEUSIZ LD, TaFx s 7T — 1L Cep(OMe)s

B L Ceo(OE)g AL, THEB LT BC NMR A7 L A AR A7 R L2 L -
TRIE L7z, Ceo(OMe)g & Coo(OEt)s D °C NMR 227 hLTi, & b7 T — L BHKICH
92 17 ROV B S v, AREFE ORI & 4 FF L. Ceo(OMe)s TiE 19 A (Fig. 1), Ceo(OEt)s
T 21 AOBIRDB S iz, 24, cD,Cl,
Coy RIFMEN D TREIND AT bl — | )
HELTW5,

F 77, Ceo(OMe)g TiX BE 7 BFE S 35 5
Ni=7-8, HfES X BASERATICRZ L,
Coo(OMe)s ILREAE CagBrs OOHTAE 2 1 |
FLTWD Z ERH LN -T2, (Fig. 2) ‘
Ceo(OMe)s & Ceo(OE)g DERSN AT HRILIL A 2 ‘e 7 e s
7 b U1 239.5 nm (SRR KR 2 FF B 1XIE b)

—H LAY MvER 2T, 79—V
FHEIR DI AL A7 R VT ZE D
IMERICKRESKFETDHZ L THLA
TBH, 202 &b H CepOEt) X 150 s T T T T eem
Cao(OMe)s & [ LAHITIE 4725 B CogBrs Fig. 1. 13C NMR spectra of Ceo(OMe)g. (@) Higher

L RREDAIITERE 2 RI8 LT %, CogBrs magnetic field b) Lower magnetic field )
ERIBRO B E AT 27 7 — L ik
BEKIE 2 E TIZ CeoMeg ¥ & FR\ N T &
NTEDLT. Cep(OMe)s & Ceo(OEt)g 1TAE 1
FIC b IEFICHRR N7 T — L Rk
Th b,

LLEDZ &6 ARBFFEIE CooBrg D& #i
BT & 2 AL & IR 72 Z A IR
ARiCky, T vaxF T T—1
Ceo(OR)s (R = Me, EY)yD A RRIZ )8 Tk ‘
L Fig. 2. Crystal structure of Cgo(OMe)s.
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1) P.R. Birkett, P. B. Hitchcock, H.W. Kroto, R. Taylor, D. R. M. Walton, Nature 1992, 357, 479-481.
2) Z.Xiao, Y. Matsuo, |. Soga, E. Nakamura, Chem. Mater. 2012, 24, 2572-2582.
3) H. Al-Matar, A. K. Abdul-Sada, A. G. Avent, P. W. Fowler, P. B. Hitchcock, K. M. Rogers, R. Taylor, J.
Chem. Soc., Perkin Trans. 2002, 2, 53-58.
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Chrality Selective Growth Process of Carbon Nanotubes

(Tokyo Metropolitan University’, AIST? Yohji Achiba', Akihito Inoue!, Takuya
Kodama®, Takeshi, Kodama®, Kenro Hashimoto®, Haruo Shiromaru®, Toshiya Okazaki®
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B —R T ) F 2 —7(SWNT)DRE 2K #IE, 6 BRORIIDERNT ATV T
HZHD, EVDIF1IARIED SWNT ErPMEIE, Ta—7HEEZBKT 28EmH O 6 85
Fy M= PEOTOA TV T 412K, IRESND, Fa—TEEZ I LA
ZUT 4 OBV XD KRBT IUT, @B, FEERIICsR S, FHEEIIS 5 A
FTUT 4 DENZEY, FERF Y v T RAX—=NE(LT D, LA ->T, SWNT O—
RITELICHRDEF ML RS 7 74 AT DIE, HA TV T 4 2T LD SWNT D43
BIMMBEAR R eI D, AT VT 4 T L0 SWNT O4BNCIE, IMLFEREEEIZ L0 B
BET 2, FFEDIA T VT 4 F 2 —7 ZFINNMERLT D, D28 OFERSH DL, 20D
25, DO DBETEE, MEBERCTREICESR L, ZEMO 2T v 72 EOIE, B
—HATVT 4 F 2a—T OHBED FRERRIEICZR > TS, IHIT, (WP HEES L7z
VEARE — A T VT 4 Fa—TEHNTZETT A AL L TORNES EBRIITIH S 2
iZEsh, B b7 DARS—HEE LD LTS, —F, 2OFRIIBIT LT 7 n—F I
BWTIE, HEDOTAF VT 4 (nm) % H-> SWNT DR A9 A s C = O VERIE O fiE
X, REARSHTES P, SWNT BB T, bo s bEHE R, fRRTREXMELE o
TWD, ARG TIL, SWNT ORBEICH AL ES 236, 1BIRAY SWNT 1ERIED FHE
Pz iimd 2.

FhR

SWNT DIERDOFEERITT X T L —VP—FERBELZ AT To72, L—F—2IETIE, T
) Fa—TOMEE 2 DR IRIRFESE —EIC LT, Fa—TREROIRE, T/, filt
BIBOEAIE, Mx OFEFNT A =2 — 5B IE LT ENARETH H, AW TIL,
IR 650-1250°C  25°CXl A, J£7) 25-800torr  50torr % A, 4 J@fiiit b Rhy/Pdy x=2.0-0 0.1
A, DEGAMT T SWNT OFEREZIT> 70, AR L7 SWNT IZ—ESRMEDE & FumiEt:
# SDBS % W TR FIC B S &, TOWILA T bb FEIART MVRIEIZE D
SWNT A E DY ERSHTEITV, AT VT 4 AR A L=,



FER LB

et & LT Rh &5 WERhP, 2 Joa Bl 2 VT SWNT O Z TV, RS
BE . RGOSR A T Lo, X 1 IIXESUFIRE 975°C FC Rh (2195 Pd R4 L
(Rhy.oPdy x=0-2.0) Z# 2L S W72 6 SWNT 2B L., A Z VT 4 AN EDL HITE
LT 2 WA T MVOFENT B 5
Nzt o—zE 7,

Rh H{ARMEEIZ 31T 2 SWNT DA RIZE
Wi, 975 COIRE NIV T, F=
— 7 DAERIE, (7,6). (8,6)%& HLMI oA L
TWAHDIZHK L, Pd OFRMEDHINLE
WL B ORESRGE T CHAERT HF 2—
TDHA T VT 4 ALK E B
<. &Y near armchair #3& (2T T~ 7
FLTWSEETF DD, 728 2L, (nm)
B WT ntm=12 77 IV —Th o
(7,5),(8,4),(10,2),(11,1) TLtle4 % & . Pd #4
JMZ A, (10,2),(11,1)% 0 near zigzag ##15
DAERRNZEITID LT, Z oEmiE
ntm=11 7 7 I U —TX D BEZEIZ/2 Y | Pd
TMBERRROREEHIZIBN T, 121E(6,5) .
Fa—TDHD SWNT i/ d, K2 Chrality Distribution (n,m)
(i (687 = =T DEROBIUEIRX BI1. SINT DA F VT 4 53 KIET Pd iR
225 X OB LIRE, BN, BEkD I
Db & THER L7z SWNT OBRUL A
7 MVERT, KN LNREDIT, Rk
L7eF 2—7D90%LL EiX, (65)F =—7 D
HPBER S, DD TEWVEBRYT 2 —
TERGEETHD RS,

(6,5)F = — 7 AERIC BT D B EIRPET S
— AR T T a—T O ORI & EE 2
L= b THKENTFHTHY , ETiE
(6,5)F = — 7 DR G DR FANE & il 4 )E 10000

DEENZ SOV Do

Excitation Wavelength (nm)

Excitation Energy (cm!)

B 2. (6,5)F = — 7 ARG FCER LT
SWNT OWEIL AT b L
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Synthesis of novel carbon clusters in liquid phase by irradiation of

intense femtosecond laser pulses (ll)
(Tokyo Metropolitan Univ.) Takeshi Kodama, Tatsuya Fujino,
Haruo Shiromaru, Yohji Achiba
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WE ., 77—V AL, T E L L — P ZE B E S WV o T KA TOROGIZE
STHMINDN, ZNHDFHETEHEMII, BB W TEEICHBI SN ZEDT T —
Lo, -ANEBR Ry N — 7GRS0 37 12 Ho RS TR A>T
WU Wb A T LB BR Bl (Isolated Pentagon Rule: IPR) Z-ii 7= 4 A& 285>,

INETIZHE A DT NV—T1X, 7= LMD ()L — W — O E S8R H 7 (F B EE) 2 F| H
LTINS LT, Cpy 77— v DOIRIRIZE TR EE fs L—Y —Z MR- 24 T C, fifk
BB, FravmBEITAY—EERTDHIEE B LI-ERE T TET2[1], C,y M=y
AR fs L—V —Z RIS L2 A BTN E R L, 55N DO B AT MVHIE
DFEFL, CoyR° Cop IR E T DE — 7 MBI ST, ZHSDRIK P2 BRI T, b
725 TCLESTZDIE, Cgy X2 Co ITIT PR A 72 T HEE DN A FHIAFE LA T, non—IPR
G CTHH-DEEZ BT,

EZAT, Cpp & ColZIL IPR #EEEFF T2 — U DMFET D, 0T, Cpll fs L—HY—%
FRETL | C, EBEA AL 34U, ZER IPR G A Fio 72 Co BERT D REM D B D, Fiz,
FERHNFFOILTND Cog lZIEET2D IPR A AERAS 3 FEFEAFET 5, HHFE Co DS
DEIpBHZLIZE ST, CiBEIC K> THLID Cp ODRIEITE VN THNEINITH HLEE A
-5,

AR CIE, BEREBEL T Copy DMV FRIRIZEBRE s L— —%2 3524 T
C, BB L, BB Cp DFLNDINEINERRDIEEBRIELT, FT2. C, fRBED
IFNCH, L— P —BREHCE ST Coy BRI CH AN Z A ED)IIHIER LT,
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Orientation behavior of crystallite at preparation of carbon material

from coal tar pitch under magnetic fields

(EINRER) dimdiE, BEHEGRE, RO HPaH, REFERT
(Shinshu University) Atom Hamasaki, Yuya Sekinuma, Ayumi Sakaguchi, Sumio Ozeki
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EREME A 1A LS B ABOEETH D, REMEE LTHH SN bOD£L 1%, SP? RRELE T
TRk ST IR O S A8 B A G 2 B8, IRFASAMEME O E-CREIREDOHI 23 /T EE & 72
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[1] Yamada, Y.; Shiraishi, M.; Furuta, T.; Yamakawa, T. Tanso 1985, 122, 124-127.
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Oxidation-induced magnetism in Nano-graphite

(Department of Chemistry, Tokyo Institute of Technologyl, Ookayama, Meguro, Tokyo 152-8551, Japan,
Denso Corporationz, Nisshin, 470-0111, Japan) VATTAKATTURAMAKRISHNAN, Raieevkumarl; TAKAI,
Kazuyuki'; HAO, Si-Jia'; HAYASHI, Hitoshi’; TAKASHIRO, Junichi®, KANEKO, Satoshi', KIGUCHI, Manabu';

*
ENOKI, Toshiaki®

[Introduction]

The study of carbon nano-structures have received considerable reattention since the discovery of
graphene in 2004.This relumed the passion for intense research in this area. This is largely because of the
unusual physical and chemical properties exhibited by these carbon nano-structures. The members of this
family include fullerenes, carbon nanotubes and graphene. Compared to the closed shell counterparts,
the open shell nanostructures such as nanographene shows unconventional electronic and magnetic
properties. The edges of a nanographene sheet can be described in terms of armchair and zigzag edges.
Nanographene sheets with edges terminated with armchair are similar to the closed shell counter parts
such as fullerenes in terms of their magnetic properties whereas sheets terminated with zigzag edges
show edge state magnetism due to the presence of nonbonding electrons of mt origin. There are several
attempts to bring in additional magnetic centers apart from the edge state spins. The first report in this
direction is the ferromagnetism observed by the irradiation of highly oriented pyrrolytic graphite with
proton. Recently, it has been established that defects can induce magnetism in carbon nano-structures
which also leads to edge state magnetism. The adjacent carbon atoms in a graphene sublattice carries
opposite spins. When functional groups are connected to adjacent carbon atoms, equal number of carbon
atoms are missing from different sublattices. This leads to a net zero magnetic moment. When alternate
carbon atoms carry the functional groups, carbon atoms are removed from the same sublattice. This leads
to a sublattice imbalance and a net nonzero magnetic moment. With graphene oxide as a target material,
we varied the degree of oxidation in order to increase the number of defects. The robust nature of
graphite towards conventional mild chemical reactions made us to select oxidation as the preferred
method for introducing defects. The electronic and magnetic properties of nanographene oxide were
investigated for activated carbon fibers (ACF), which consist of 3D disordered network of nanographite
domains (stacked nanographene sheets).

[Experiment]

A series of nanographite oxide samples were prepared by modified Hummer’s method using ACFs as the
graphite precursor, varying the degree of oxidation (O/C) by changing KMnQO,4/ACF ratio from 1 to 4.
Nanographite oxide samples with O/C>0.6 were dispersible in water whereas samples with O/C<0.6) were
insoluble. These samples were characterized by ESR, SQUID, NEXAFS and elemental analysis. The ESR
measurements were done at room temperature using X-band spectrometer. The magnetic susceptibilities
were measured with a SQUID magnetometer in the temperature range 2-300 K with an applied magnetic
field of 1T. The magnetization measurements were done at 2K, 10K and 300K in the field range from 0 to
7T. Carbon K-edge NEXAFS measurements were done at the X-ray beam line BL-7A at Photon Factory-
Institute of Materials Structure Science, KEK Tsukuba.

[Results and Discussion]

The NEXAFS spectrum of the pristine ACFs before oxidation is described in terms of the n* conduction
band contribution (285.7 eV) and the nonbonding edge state contribution (284.5 eV), the latter of which is
positioned around the Fermi level. On the basis of the analysis with the deconvolution, the NEXAFS
spectrum of the nanographite oxide revealed the presence of an additional state (oxidation induced state)
(285.1 eV) near the Fermi level apart from the edge states. This oxidation-induced state is suggested to
have nonbonding nature as it is positioned at the Fermi level. The intensity of the m* peak of the
conduction electrons decreased from 2.1 to 0.78(the ratio of n* peak intensity to edge jump intensity
at 340 eV is taken as the intensity, see Fig.1a) upon increasing the degree of oxidation. This implies that
the robust 1t network can be destroyed locally by employing modified Hummers method. The intensity of
the edge state decreased from 0.62 to 0.16. The intensity of the oxidation-induced state increased from
0.0 to 0.34 as we increased the degree of oxidation. It should be noted that the contribution of the
oxidation-induced state surpasses around O/C=0.3.




The observed susceptibility is described in terms of Curie-Weiss type spin susceptibility xs with a
negative Weiss temperature and the temperature independent orbital susceptibility yom for all the
samples having different oxygen contents. From the analysis of the susceptibility, as we move from
0/C~0.04 to 0.6, the absolute value of y ., decreased from 8x10”’ emu.g'1 to 1 x10” emu.g'l. This indicates
that the extended m-electronic structure is destroyed successively as the oxidation proceeds, in good
agreement with the NEXAFS results which indicates the decrease in the contribution of the n* conduction
band (Fig. 1a). The spin density (N;) increased steeply from 0.4x10° g™ to 5x10%°g™, which is more than
ten time of that of pristine ACFs, and the absolute value of Weiss temperature decreased from 5 K to 2 K
(Fig. 1c). Taking account of the presence of a crossover point, at which the major contribution of the
magnetic nonbonding state is changed from the edge state to the oxidation-induced state, the steep
increase in the spin concentration is caused by the creation of nonbonding states induced by oxidation,
while the contribution of the edge state is declining (Fig. 1a). The decrease in the Weiss temperature upon
oxidation is understood by that the edge state spins having itinerant nature are interacting with each
other through conduction m-electron-mediated exchange interaction, whereas the localized spins of the
oxidation-induced state are isolated and free from exchange interaction. This difference is observed in the
ESR line width change upon oxidation (Fig. 1f). The peak to peak width (AH,,) decreased from 2 mT to 0.7
mT as we move from O/C~ 0.04 to 0.6. This suggests that the edge-state spins coupled through exchange
interaction are affected by spin fluctuations, in contrast to the negligible such effect in the spins of
oxidation-induced state.

For the oxidized samples, the observed magnetization curves deviates from the behavior of
noninteracting S=1/2, and has values larger than those expected from S=1/2 Brillouin curve in the low
field range below ca.20000 Oe in Fig.2. This trend is emphasized upon the increase in the degree of
oxidation. This suggests the presence of ferromagnetic interaction acting between localized spins of
oxidation-induced nonbonding states. In the sample most highly oxidized O/C=0.6, the average strength of
the ferromagnetic interaction is estimated as the coefficient of internal field, a=1.9 X 10 Oe.emu™.g. It is
considered that the spins strongly coupled through ferromagnetic interaction are free from the
surrounding. Selective hydroxylation of benzenoid rings and unzipping of all-benzenoid nanographene

sheets into oxygen-joined fragments

are the possible candidates for the observed magnetism.
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Mechanism of Far -Infrared Absorptions of Single-Walled Carbon Nanotubes
(TASC1, AIST?) Takahiro Morimoto!2, Soon-Kil Joung!2, Toshiya Okazakil-2
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