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BUED Y ) =2 v & O To RBERIRI A B & TREE ORIMEIC & > TRIEICIERE &

XL CTE0, VU a UV RETFORE IS RDIMHIN TORFIZITSNTEY | [FERHIME
DM ELIEITHICR A EEZOND, V77203 aroffEy e L TRE A THE

PEEMOTWDE, AT T 72 oMWE &, EREITHEICOW TR 5,

777 = NIRBFEDORFRDO—FLTH Y | KRR A3 = A AR A T2 IR ST IE IR
ToH D, @ VEREIRE, BYRER 22X Lo & LIcZ < OoBRN., B
WCENT-MEZR D, Bk 2G5 EA~DOISAPIIFRE STV 5, Bx OBENTZHEEOTTY,
HED ST 7 OBABEEIT~ 105 om?- V15718 U220 1350 cm? -Vt 571
WZHERTHRY 100 RV 2 E THERBZIBUTWS, BEIEDNRKESZRNVUI N T U AZ DA
Ay FrTHEEZRS TELHD, MEPEEERT A ZALFRATELOMEIERDEEZD

N5,

777 = v DIFEIL 1960 FERICTE SN2 13, HEEL 727 T 7 = VTR WEZ OfFE
MEEM SN TE 7z, o, HEfOWREI ORERH 5 00, 1970 440D Bommel & D
WEZIZLOTY A A —3A FSIC)ZMBVE TS EREBED /7 7= 22X
VX OVRE S5 HE 2 AL FESMHRE(CVD)EIC LD A X U ERBRE L T=y rvs
JBFER EITAER 2 iE S s b T,

EBRC T T 7 = U NEEES N T-01E 2004 4E0 Geim & Novoselov (2 & 5 #is 6 2398 T
Th D, 5N 2010 T ) — VB PE 22 H L2 2 SITREEICH Ly, 2l %
BorT 7= AFRRENER SN TEBY . LTIk 5,

77774 hOREETH D LIS IR ST 7 74 M(HOPG) & —BICHEEST 5 Z &8 T
TNRT T T 2 EERITCE S, BRO Geim HIZA Ay FT—TTT T 7 74 hOFER%E
MR LRBEST D & WO HMARFTIETY 7 7 2 v 2ER LT, 2L, BEHICL-TH
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BEER I T4 S 2 FIEN A ST Y . N-methylpyrroidone’ 73 Z 2UIZ58 L7280 & L
THIDILTV D, MU b FETEEA TR RS E L HIES, N ~v—2fnTz ) —
B EE D 5L, EXUEFHFECLD2REHE P b @ESTWD, £/, 777
7 A B ZRiEE - BRI A CRAL X% Hummers method 72 & CHIBE, B EE7=%, &
N7 WRETELIEDLZE THENOEREOE RS 77 = 280 kb k<
MHAMBNTND, ZOHEIREGHNPES TH D LW IRRDNH DD LIREIT K@D
20 BNF Y U TBEERED ST 7 =0 LTOWERRbND, BT 7 =
VEBILSELHIEL LT, BEX I CROANT T Y TIZLDEGE S, UL L 5iE
B BRULFATES R EPREINTND, £, IATOT7 T v alllbHE®L
— PR K DR ICIE VI3 Z — VB FRETH B,

AR L72SiIC B2 7 774 MG T2 HEERESE AN OEED 77 =D
FRICHEE LT D, 2O J51ETlEmEmEZET(0001) £k O SIC a5 LTty ayv
JAFMNAEL RO T RBIR DT T 7 = UHEEETERT D, T OFHIEREE &R % Hil1E)
THZLET I 7 2 DEMDOa ha—LRNELSTHY 8, £7-, SiICITHERZRAETHHT-
W, BRLTIZT 77 2 B ERNOHNETIZEDEET A XL LTHIHTES ¥ 2n
IR B D,

CVD EITRFEIR & 72 D A% MK CHfE L., HBEIITHED 7 T 7 = v 2 EMT
LHETHD, ZOHETAEROBRICEEEDLE S TICHBECE REEEAAES Th
% &) RS 8 %, CVD IRITIR R 2 53R 2 T IEDEN NGB CVD ik L 77 X~ CVD
RIZKBICE | B X ERHIEA RS Th Y | BB L L VKR TEBICERTE 5, 72,
CVD IEITKHFR L 72 253 R0 16 & 72 5 88 O B i RO A B DEIZ L > TEZHEDOF
BEREZBND, BRERIZ=y 7V ERPR— B THY | FHCENHEE 7T 7 = DA
WZHE LTS 20, flZh /T =0 L2 a2y k20 g2 15 FADGEARE ST

WD, TNENOHRE DI I2 b SRR OWEFE~OKIEIE Y T 7 = OEKbAAR B



TWb, Eo, BREHWRWERIE 227 A= 21 757 47 8 SilSi0» Hipk 72 & D
HEBIER E~OBRbHE SN TWD, ZHHITEE TERIER E~DARKIZE 528, 1E
MINTT T 72 OWETHD, RFEJRELTUIAZ Y =2F Ly TEFLUREDK
K, T7a—n, T by RUBUREDIIE, TENT 7 AT AR KRN0, mhRE S
REDEKRE NS S EIERWE LD REINTND,

CVD IETRBEM LICER SNV T 7 = AIMIERICER TS5 Z LR ARETH D, 1
K HiEL LT, PMMA Z2EDOR ) ~—#@ELER T2 FERH D, ZOFIETIEIESR
HWIREEICAR LI T 7 2> BICR ) ~—0D7 4 )V A EHEESE, WA RV IRR 2
R FeCLB R MWy F o 7 TRIBERZIY R, flI TT7 4 VA RIZE-T2 7T
7 = U EEREROEMICHE Y (T, T R EOFRIBINC Ko TT 4V A EVERR, BRE
T5, TOMOFIEEL LT, EXILFHISIS 3#0ME 3T 77 = 0 L RO A5
EIELHEREPRESNTND

RIS NV T 7 2 VKA e T AL AR SR TS, JEWERESEH T+ VU

TREELZENE DT TR, RBITHER LICEE

Hﬂ}

2o DT, HER LT T —ADNFE
2720 9LV OFIE S B D, BARMRISHBIE LT, UF U LA F il 0 REHER 37,
RIS B 8, B _HE T ot 0 SRR AR 4L S A 28 L
PRI 4445 70 B3 dp %

EREO XD MM TIZ L S RWEHZT T, v ar oEREROREH L LT
DIGHPFIE SN TN D, ZOBRIZIE, AV arTRENTVWDHDELEFRLT LS IZ, T/
A=)V COMILNMENIR D L TFRTE S, FIAIX, 77 7 = afiRWERRRICIT L
b DIFF ) A — NV OBEBXEMIFHTELEEZ NS, LIz T, b X577
)R =V OREE o Te T 7 2 OWEERHARD ZLITEETH D, Fiko s 77
NI T T = 7 UR(GNR) & FETAL, B8 10nm £ THIEK L THIREREIRIZE AL

A7 F/BRERRCFIAT 2208 E2 5N TWD, T2, WL OO RHANB IO



FEERADKE FIE, 18 10nm KD GNR X7 T 7 = DY R¥ Y v F2E | BT 3 A
MEEDOT= DI TE 208, N F¥ Y v TTRRICHET 2 v VIRESIE ORI 2 F
52 LETRELTVND, GNR D/ RE Y » 7L, PRWDIED GNR IZEIT HFE—RItF v U
THACIADIZ LD YV R EIFIT 5 2 & bt ST 5, GNR OHE—RILAEEDE

TR X, Enexint 7772y -DMED L3R AeDH01ICT 5,

-1 937z /7 )RV DEE
7T 7x20F ) VRCOWEEZRETDEFL LT WE Ty VOMERD H, REHIZR
Ty VOREEE LT, T—AF =T HE DT I RINGEHET B, Fig. 1-1@) 137 —LF =7
A GNR THh Y. Fig. 1-1(b) 1LY 7 H 7 GNR T 5, X T D S#E T £ 7= A& 5
2 ATERFBIFET-OEE N 25, NaGNR, NzGNR O L S IcRBL S b, Bl X,
Fig. 1-1 (@)l N=9, (b)IZN=6 TH V., ZHZHh 9aGNR, 6zGNR D L ) IcKH SN D,
©IEHIATFNTGNR TH D, myEP 7Y/ RMET—AF =T HOFETHY . O

ET=y RGO EREEEZRT IA T 07 R, mTERIND, n, mIZXF D25

p AT , AN N f
Q- XA B i
O }1 AL A e
! ﬁ}@}/%@a %ﬁl I, tI é«g;ﬁ§é= §
(A A /[” 11 [ J T ALY

Fig. 1-1 GNR D& D ffil(a) 7 — A F = 75 GNR (b) ¥~ 7% GNR (c) 7 1 7 L% GNR

DY I (ay,a) DEEETH D . Fig. 1-1 ()P GNR IZB, )= v P2 HTHZ &I 5,
VI TT7T 4=, WETT A~y F o 72 Lo TER ST GNR OESHIEN D,

GNR D/ Ry v 7 EgldB L%



DXEH-T %, ZZTa=2eV, W =16nmThs, ZDORIF 1575 90 nm O GNR D
BIERERN HAIPATH Y | EAERIERICTE 72 KK GNR IS L7 Ry 0i2
BEZIT Wb EEBEZLND,

X VIEZ: GNR TiE= v PO GNR DNV RX v v FITRET 5, WIS
RANIZ BT —LF =Ty PV EEDGNRIIN=3p— 1D & XE&B/MIZR, KO D
B3Ny R¥ ¥ v 7 &R, Yang b OEFFIHAEHNZZE LR SIcL 5 s nin
AN RXy v P ERON, ZOREIIICN=3p+1,3p,3p— 1DJET/hEL 725,
Z DfEIE

a

Eg =
W+W%+6

LRV, w,=24ATHY, N=3p+1,3p,3p— LICKkI LT, #NZFha=444,31.3,14.6
(eVA), §=18,2913 (AT 5,

— KV 7Y IR GNR TIE 7 =V IYELIZ 7 T v B2y RBVEE L, GNR 13481
PEEEZHND EPFIOFHE ¥ hoRENTE L, Y 77—y DT EEf L
BPHLUEICHKT S, Yang & @ LT 7Y IR GNR IZBWTH Y RE¥ v v I3 54T 5

ZLEERLTND,

1-2 9527/ )RODEEE

GNROVER G T —R T ) Fa—7 (CNT) 27 ¥y 7T HEEED,
£BRINT VWD, 22 TIHRENRLOEREN TS, VYT 7 4 —FikE, /957 =
v — MEPOGNRICHINT 5 — )72 7 72 —F D15 Th 5H, L, PROlEE 150
Ry VaROCGNRAERT D ICIIR AR H L5, LoLans, VY7o 7 o —Hifioitk

BRIFELLS, REDGNRZGLZENTELHLIITRV 5255, Zhiwenb [ THEF E— L
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(EB)Y Y777 4 —FEIC LDl STz v DREEOGNREUWEAZ WS LT, #RIZXkD
DIN10nmiE £ TOGNREZRUWEL . ZHIEP /7 D= UREEE A L T2, Z Ok
Wi, YIS ITIRO=y POGNRIE, BTy Y AX v X VTR T )

K. GNRIEIZARTF L 72U AR A 72 56 B 00 1 5 2 BUBRTRVVRRME A A L, 73 A B I L
TWAHZELHTEBL TS, N UAL AL E—LY Y757 4HIBLIZ, 7T 7 = nb
PBWIEDGNREZ D 2O D bEN - Hifo1>Th 5, ZiE, EFE—LAEB)Y V77
74— LT, RIS ARG L NS W AR Y MY A XEFT D, ZOETE AN
T, MEI0NMAKGGD 7T 7 = F ) VR ZFERT L 2 LR TE 5%, N.Abbasb id HIBLIZ
£ o TR BHI7ZGNRZ IV T2 FET OBUE 2t U7z, 8 O 13, iE5nm, & S 2umd =% EEGNR
TUA EERLT, S5, fERLFETAZMIE L. GNRON Y R¥ v v 7 A2 BlEE LTz,
e 51%, 44meV DOTEMAL = RV F —38 LUKIBBMeVD /Ny R¥ ¥ » FZ2@I5 LT, ZDFHA
1%, HIBLIZ K > THEH L NZGNRA G i B TRIGNA D722 L 2R LTV D,

7577 A NEBEWAET S Z LT GNR T 5 HENRE SN TW5D 2, i S
NTNWSL7 7774 b 3%DKFEEEGTT /LT FC 1000 °CT A LZ=DOEH, PmMPV
(poly(m-phenylenevinylene-co-2,5-dioctoxy-p-phenylenevinylene)) D ¥ 7 1 1 = ¥ LR 1 CHA
B AT H Z & T GNR Z{EfG 5, ZOHETIE GNR OlE, Eio = hr—ud
AARETH D, < OMEEN I E S ERFGIEZHRE L TWDH, BEBARITI I L7z SiC KAk
FIZART 2 HE R, KAHREIECVD) T M, =y F VS HIR EIZ 7T 7 = VR RE S
HDEWIFENGFET D, ZOFEZIGAL, YU av il Eic=y 7 VEME $F —=
YL =y v ay R CEMRE A LG S
B, ZOHMZE 155 LIRIZ 900 °CE TMELL |
AR EKRBORGTIKT CTT T A ZAT

YV arikE=y VOB T 7 =

Fig. 1-2 PmPV O ##1E
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DERE L. FFC= > 7 U355 %, Z O FH7EIT GNR OIEZSE2ICITHE X3, &8

b HlE T E 2w,

RN BELT  THATHIERIE S 7z GNR 2B 2 HE B DS O EESN TV D, f
BALFHIFIEIC LD GNR DG AAY Schwab® Rkl 8 Sz k> THEShTWnd, Zinb
D GNR DTy VHEIT LR OT —bF =7 PITY I WA TN TETERL, A
BEIAIEA~ DRIV % @D D T2 DI T VX NHB Ty VIS T\ b, €/ ~v—% B
BECT=— S5 k> T, By 7V RN R D RY ~—{b & AT
GNR & T 2 FENME SN TWD ¥, ZOFETIE, £, 10,10°-dibromo-9,9’-bianthryl
) GRS SE LB T, RERF 2N S E T D UWREBIZT D, £ 0%,
200°CTMEAT 5 LICR s THR EDOE /) ~—BBEIL Y v 7 VIR ERZ LAY
=%, HIZ400°CTMENT 5 2 & T, AR L Z Y GNR &72D, ZOHETHE
B 7 GNR I, MHOHEEN T — A F = 7RI, BT RIS RER 23 7 (N =7)
FAEL TV %, IELTRIRD IS FTRETH U | TR DR R A FIH L ThE 2 7B rI M E
ZHD GNR PMERTE 5 LfiESN TS, LarL, fFRITE %5 GNR OREIEIZIR 5T
B, ESH30mEBLEVORRATHL, ZOFELGHL, N=1307 —LF =7
I GNR®, N =60 Y7 H 7 GNR®, 1A FARIDT v UHERE 2 Z2FF5 GNR A UV F# B
— 7 SN 7z GNRE DRSS STV D,

CNT Z R mICEIV B 2 2137 Py F LT, W< D007 ¥y FERRE
SNTWDB, Wit~ T Y 7L & TCUBT L H5E, T/ Fa—T70—H %2R
V=TI, TNALT T A2 THRY Oy a2y F 2 7§ 2H5ES, @V 2AEii %% E
H—=RF ) Fa—TF(MWNTIZHLTT Py I TEHHESRERZNTH D, ZNRHD
J7{EIE GNR O, JEEA I T E 720, MWNT (Z LB T& 2 & ARBFIEIC R 9

DI S 720, SWNT 2260 GNR {EE L LT, BIRIC L 27 2y 78 KET =—
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ik 88 BRALTFHIFE @ RHE STV DA, Wb T Yy 795 SWNT OFIGD
KRS, GNR DEVE DR S, RAT —/HEONEES Lo RN H 5,

SWNT 7> HAEIEHIHE S 4172 GNR AR 2 DICFE 2 kL LT, MWNT % Bl &
FWWLILTT Py T THLENI b ORHL 0, ZOHETIE MWNT (BB TR
ZEAL, PMPV OV Ty AFRERP CTHERLEEZTN, 7/ Fa—T52T Yy
75, ZOFETIHHERNRGEODRNGNR 2155 2 LN TE, AL—XRpxy U
EEH/OND Z NP> TS, FIET TIZREDOFIETDWNT 27 ¥y 7L, —
JEFOICHIBE S5 2 & HE GNR(SGNR)Z fERLY 2 Z LI L TR Y | FEMIC DV T

X 3 LI TR 5,

1-3 7oy T2 THERMHE
TV T DA ALIONWTITIFE L LS > TV, Tang b Doy 1811 5F51E

X% & CNT O—EFRE Y BN TH T v ¥y TITH#ETET, 20 o #EAITR D, L)
ST, Ty 7OMITICIE T 77200 C-C A DOREDHRIE LT, BETFOM S0
EFEORETRAHREERI LT EELOND, Bfifkcv Ial—v gy
DRI BTN D23, 600 °CLL_ETOKFE S FAHIN 2 R0H - FRFE O X 5 =A% 21k
B2k b OFEERINIHE SNTRKIFELRESERD SDNREL L, Jinlan™ & 1372 &0
HR B R ML & 72 0 KFE S FORINET 2y 7% 200-300 °CO A 7 — /LT 2
95D LEFHETRLTND,

INOOMBREEIET LYy T DA =R ADR LT, FEORE—RF ) F o
—7 (SWNT) OE([FHIREE(IA T VT )T ¥y 71HD GNR OREEDBRIZ DN
THBLINTWD, Guo HDFHHE BIZL D& SWNT RERF v Bbafks7T Yy 7o
F—ATRET oYy TOHFANRT 2 —T7 OREMFRAICIEL . B 2T Yy 7Hho

GNR N 7Y 7Ty DT DGENTARF VL ORI L F— AR TH D 753,
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SWNT DERNKEL 2D L DHAFTHOTRF VL E DT RVX —ET/NEL 7D,
F72. SWNT OELZEN L.4nm K TIETmARF U EEFE FO C-CHiAOBZICLE o RV
—bRICEGAETAMTH L0, ZOEREZBZ 5 & ZOEMMEILRL< 785, Song™ HI1E7 v~
VT T LHRENRT 2a—T7 ORI L TRELIRDE, TUoV vy THROLELRD T Z
7=y — FISRNZ IR D TNV F— IR TH 720, A T/ D GNR A3 T
EHETRLTND,

Santos HDFHHE B2 LD LWIZEENKEVMWNT BT Yy 7SN 5E6, 7—4F
=T HID CNT N7 ¥y P EINDGEEIIT 7Y 7y VN TE L0130 CNT D4 &
FU7ER, 7P I7RCONT ClEy 7 7oy VIR R D N —HN T —LF =7 =
DNl D, WA TGNARCNT 27 ¥y 7T DL ELT —LF =7y DR DB, —HHR
IR Ty N D ETRINTWS, £, VIHFTRICNT DIEINRT —LF = T8

RAATNHELY BT oYy 7TEand e PRI TWD,

14557z 08&UT5 7 0F/ ) RyOESEFMEHE

777 = v OBEBKFHEREEIL T VAR AN BB SN TV D, AEITIRREN
b DEHHT D,

YV arEREmRAE ST Uy TV O THRITREL, EDORIZZ 7T A MEREDL D
LTI T2y VT E N T2 ENTEDL T, 371/ MU ARFI VT T
LUK DT X ) RIS T 7 = A S 2 L TEF RN TE, 74F
T S D 2 LTI AR —L R=F&1TH 2 LN TE 5,

TR 72O E T HMICELEMAS L TRy R¥y v 7% 0 LW KEL<T5HZ
ENTELLEHRESNTND B, ZOHETIE AV FFY y T7OREIEELDORKE S
THIECTE 5, ZOHET N FX Y v 7% 036V BREICTED Z EDRMHERIN TN D,

ML 28777 =225 LT 7T 7 =0 2RRDF/M TEROITIENRDH Y |
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Hao H DFIEICE D & 28D 7 v RTINS IR U3 L 2 BOKFEMINS oz bR
UERT2EI 77 =% T EIZEY, 055V OV R¥ ¥ v 70N D & TSI
TV B, ZONRY FX Y v T7ORE SIE, RATOWLOIWEDFHFERT v v L DFEDRE
L, BRENT 287 T 7 = ORI E S 720 . 2 BEOMHAEFEANARE 252 L
WCHRT 2, TNHDOHEDORKE LT, BRI LOXLEERH T 55,
77 7 2 SN 10 nm BT OBUNRRESEETEAL, 777 =2 BRICTD
FETAY RE Yy v Tl E FROICHER LR ELRH L0, 0772103777 =0
Ay a PRI TEY , RERDHWE (Ry VI8) DT 72 %8F ) A— LD
IRICHHHEST D2 2L TNV Ry v TRIRT D2 2R B TWD, 777 = RIENTKE &
~NU LA 2K 8 (perylene-3,4,9,10-tetracarboxylic-3,4,9,10-diimide) 72 & Z ¥ EEW & S 5
ZEIRVAN Ry v TRRET D LV RENFEST D, ZNbDRFIET 7
TNI—=NVATRAELTEY, WENT-7 77 = HOMBEFERORE S35
LUMO L& 7T 7 =D 7 =)V I TRV F—MEMD TRV F—FEI L > TIRE D, WA
FFDOLUMO &7 T 72 DT 4Ty 7 HRA Y MIREWGEEDHRIIANY RX Y v T,
ZOHEZT T 7 = OBEBFPELZESERWZD, v U TBEE~OZD DR

7772 OREE AN LT E FERREZEETE 5,

1-5 KX OWHEEM
AFHLTIEEIC, CNT 7o ¥y FIEIC L > TDWNT 225 imE 7 GNR Z/ERL L . Ak

S FDOWAER SN L > TEOBEBKIMEE ZHIEH, F7IZ GNR I FE Yy v 72 SED
TEERHMNET D, . BEEMNSWSWNT 27 2V 752 LT, HIO D ER
HIMEE % b 572 GNR OFERIZ4T 5, £72, CNT 70 ¥ v TIEOBIC AW D 5 HFEIR U~ —
PmMPV %, PmPV O GHEIE 2 FFOIEnDILEM TR L, 7o Yy 7 ailBnseT 7

VO TDANZRALIONWTOERTHZ LEHNET 5,
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1-6 R/ X DIERL

KX 7T DOENOERL S ND, FLEIT T 720 BRI 720F 7 VARUIZ
DUWNTDFTATIIFE ZFENTT 2,

E2ETIH2EA—R T ) F2a—TOWNT)HDT Yy 7RI X %D sGNR O fERLE
K ONEHARES T % C15-NDI & GNR DA RO LRI OB ERE IOV TR
T

%5 3 T sGNR & 15y 1 HAT-CN6 DA RDIER E | £ DESRHIMEEORHEIZ SV T
T 2,

B4 FITSWNT BT ¥y 7EIZ K D GNR OFERLGIE S SWNT OffiE s 70 vy
T LT EOBKR, BIOER Sz GNR OBZIIEE ORIE R RISV THT 5,

% 5 B CIIBEROZ N 72 b a W E T Z ¥ I VBRI E G ZE 41D DWNT 7 >
v TOFREMEZHRTER L, £/2, CNT 72 Vv 7D A D =X AIDONTDOBLEELT

Do

5 6 B CIRAT LRI ORI DTk 5,
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vy dGNR D & LIEIZZNEH 1.64nm & 33.8nm, (f) B-B IZxhisd 594777 A
vy 22D sGNR D & LIEIZZ 24 0.87 nm & 33.8nm, AlIZZHE4 0.62nm &
34.2nm, @b d)DIFFARNTAMIOEI DT AT a7 7 A N ERLTND, ZORXIE Sci.
Rep. LKV AIH, &% L7, ©OSpringer Nature 2015."
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VEPER L7726 @,  radial breathing mode (RBM)IZ%f g 5 B — 27 BRE L2 VDT, Zh
D OFERDD GNRIZEWVHIE A A LT\ D ST 5 2 LT %, Z ORI Sci. Rep.

XV 5IH, & L7z, ©Springer Nature 2015.
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(a)séNR/
C15-NDI
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600 | — 0.05mg+mL > 11 .
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B REU-YDCIS-NDIEEE FH/ nm

Fig. 2-4 (a)-(d) C15-NDI #A#E % F9°% Z &2 & - T sGNR |2 NDI D F / RiF % W75 S 7=
%O AFM 4, WIROEEITZNFh. (@)0.05g-Lt, (b)0.1g-L*(c)0.5g-L?t, (d)1.0g-L?
2T %, (e) NDI 23 L 7= sGNR @ PCI-AFM (T & % - EE R E ORI, (f) C15-
NDI D%y FHExE, (9) FALEALDHEEE D C15-NDI KT 6t d™ % C15-NDI/SGNR &k b
BI-EBE A, WROBEN LR D220 T, ()ERESKREITHD L, ()77 b—i@s
HML7-, (77 b—Ig& sGNR (235 L7z C15—NDI F / Ki 7@ sGNR O HNL R X% 7=
D OEELDORLR, SRBEEO- O, BLE X Y720 ICRE TE DT RO o ERRIX
BELZ01THD, ZOKIESci.Rep. L VAHIH, & L7, OSpringer Nature 2015.

L7285 T, sGNR Z#15% - DWNT 1% MWNT L9 HZERE L TELTWD Z & 2

MODHZENTET-, ZiL DWNT OEEN MWNT L 0/hNESW=o, &9 REFEA

FlLOfEEANNES Y | RERFHICE  ITREBPRE L RD72DTHL, ZDZE

M, DWNT IZL VL DRV —2EZ TNWALZ ENnNEZOND, ZOTRILF—T
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CNT ARE TR T ¥y 7 EN HBRITEN S5, DWNT 72 545 5 4172 sSGNR & UVdGNR
OEMEERELZHE LIZE ZAH, WTFR b &R MEOZEE 2R Lz, #il) T C15-NDI #
% GNR 24 2RI T LI2L 2 A, Flm+Tho CI5-NDI (TT / kit L7e->T
SGNR KT A L7z, Z® sGNR/C15-NDI RO B EEFH A2 HIE LTz, Fig. 2-4(a)-
(d) 1EIREE A2 b S &7 CI5NDI VA A F L. GNR |2 NDI KL% W35 S §7-E A1k
? AFM H{g T& %, C15-NDI DIREAHM S5 Z & IT K o> THEMERHE & GNR 2%
H L7z NDI F 7 KA U7z, i PR OB % 2 724 GNR/C-15NDI 41K
DEFELFHEE PCI-AFM % FHIWCHIE Lz, BIREERERO di/dV = 00E5 O34
BEROTZ h—lg LRI TS, i F L7z C15-NDI K ORRENEMT 512> T, 8
TRAESEA L, 77 h—ME23 8N L=, Fig. 2-4(h) 177 b—1E & GNR (I L=/ ki
TOHMNESH 0 OEBEOBERTH D, 77 M—IigITRBERL T OB E S H 70 D%k
B2 2 e ahoTc, MA T, WAERFORITR FMAKOIRENRB XL Z 1.0 g LTI
L E S ICHRAEICRET D Z Enghotz, £OOLNTT —ZIZIEL sGNR D/ R
EIZOWTOFRAE TN TV, FET JIEN D GNR 1% p RS RO EIZ AL LT
DT LDy D, LnL, 7T M—RPNEEICANY Ry v T 2R T H O TIERY, 7T
bR LT 2 R OIS U TR T 2B HITIR O L O IZHATE 5, T/ ki
DA LIALEITXE DN N7 vy 7S, FfE b L TnWd, T2 RHIZ N7 v P ENTE T
R 58T, GNR ORI L CTORWERS TOR—/UUREN FEITE Z > T D,

ZOBRIIT T T 2T ) Ay allBT 5 0y VS OBBICEEIL T D B, (R
FRES I AT LT T KL F IS REL R DIEEHRLS 10D, Fiz, FEMNREI S 725 L GNR
DR R Yy THPEERIEOWEIZEU T2 Z ERmES TS 1% Zins C15-NDI
DT/ KiA-7H3 GNR RIENZW A LTZBRIZ B B8R~ E B L BB TH D

EZEZLOND, ZTOBENELWVLWRLEHEND DDAy 75— MO
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Fig. 2-5 FET I DGR (a)C15-NDI/SGNR &Kk D 7 — NP, sGNR 1% NDI F / Ki 1D

W& % p BUEEARE D 2B 2R Lz, fAKNTHEICHW O/ Ny 7 57— MU FET O
EERLTWD, (b)Vg=0 DOKFD C15-NDI/GNR HEA KO EFi-EE AR, FHEh C15-

NDI DPRFEE 0.19-L11.0 g LT DORFITKHIET 2, () (0)7 615 b7 IRFEDE, 0.1

g LT OBEN AL NBIE 3 SO —7 BB D DIk LT, 1.0g-L-UAERN AL
FHFRIT I DO —2 2L TCNDE, ZNHDOE—7 1% Zener b ) THEOB G

ToTNAHIEERLTED, NDIAKEFHE L SGNRICNAY RE Y v 7RAELTNDHZ &

ZER R LTS, (dNDI 237 L 72 sSGNR H OB BE O, NDI F / ki 23 7%E
FHE N7y 7L, BHILSGNR O > 7y & iiivs, ZOKIL Sci. Rep. LV BIH, &
L 7=, ©Springer Nature 2015.

FET &2 fERk L, 4 71— _—T 27 A% HWC(Fig. 2-5(a)) & iit-mE T AR D538 217 -
72, Fig. 2-5(b) 1% GNR/C15-NDI E&ED FET &N S5 b - Eik-BEHE TH 5, T
{t.L7= CI5-NDI AR OHEEIL 0.1 LN 1.0 g L1 TH 5, EF-BERMBRE S5 5 N7 HE

PU(dl/dV)EIARIZK IR LTV b, 01 g LY d 57 7 71X 3 fHo e —27 257 LT
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%o —HT, 1.0g-LYNIKHET D77 739O —7 2G5 ATWND, ZIUHDREITRL
TWDE =27 TEPICRIMICERAEI L2 Z & (Kink £FE5) 2R LTV D,

ZhBH D Kink OFAIZ K - T, C15-NDI F / KiF-OWAEDT=9HIZ GNR DR v 7 #i53T
N RXY v IR Ry ZHEEDE Y TRHWZEHRITE 5, ZHIZIILLTOEBRE 2
LD, NDI 2375 L7z GNR IZIZED T OB @ WG (R v 7 LRk L2 b O) BN FAET
%o e HA—/L GNR OE#G M ZENEEICXE > ThHa s ThdH, ZOHA,
GNR BIRIZEEN Do Te & & —EOEE LA v 7 OEFUED EWERTIT DB 7R,
FTRTOEEIIRTR Y 755015 Zener bRV U TRROBR A ST, ZOX I b
FVBIGENE Z 5 &%, GNR &l 5 BT 2RI U, 1V ii#R 1T 5 Kink & 5] i
T, ZHUIAY Ry v IREVEZ DD/ ENTZDTH D, LEER->TIDOREY
B Z o> TdldV fifRICE—27 R b D K512 5, ERTE, 1V 1 —7H o Kink
DEPHRHF TR RNVBENEZ o TODHEHE —FT 5, SHIT, P RABRORER L
NDI 2507 L7z GNR -8R » 7 OBN—8T 2, SV 5L, oL Bg
DIFEILGNR IR — 2D R ¥y v T2 FFOZ & L) bR RBIN TN D, L7z > T,
GNR _LIZWEAE LT % C15-NDI J /RO 2 2L S5 Z & TGNR O R¥y v
THA PR — L TEDLEMMTED, IRy 7 OREEZ DL TEMSEDLZ L
MTED, ZOGEE Fig. 3-5(@) T/RE N5 p MAHHE(RDZEH) 2/~ LTz FET JIEDORE RN G
5 < AR S AL D,

A RIE S5 L7 C15-NDI F /ROl & 2 2 % Z & T GNR OEBEXUIME ., FF
WA RX Yy THRAS HIEIRXT 7 72 VB LT ) T3 ADEBO—B & 72 572

59,

2-3 &R

DWNT I MWNT LV 7oy A2k % sGNR ERLCHE L7 RS L R & 7-, DWNT

35



BT VT HIET2EGNR BMELIL, ZHANHEEST D Z & TsGNR (2725, sGNR
DOFEKBIMEE L C15-NDI W T /R F- D2 Z2 52 L Tary hr— L T&E 5, Z0OJ
EIZGNRIZAY R¥y v T2 RESELHGERFTIETH D, N F¥ v v 713 GNR 12
# L7z C15-NDI F /K F-DJE Y DR VHEEIZTE D, T DOHIEIZ Ko THERAL O 8 ik

FRA R L VENT-T A ZAEHIETEXAE755, NDI B FE L7~ GNR OE -5 e

iy

D77 h—i@EIERAE L7z C15-NDI F /R OEENZ A L CZEET 5, S 512 GNR OER

MIMEE H &ML L, C15-NDI F / Ki DWW ERIT R IMEN S p BPEERMEIZR 5,

2_4 %Eﬁﬁiﬁ
2 J& GNR L OV sGNR [T Z IR ALVEIEIZ K 0 S 57z, 2l Eows 2552 Lz 19

DWNT (3L FE A EIE(CVD)Z L 0 ERk 7= B £ 3-15nm D 1 D % il A L (Tokyo Ohka
Kogyo Co., Ltd.), MWNT O 0 ZFkEFE UCHEM L7z, DWNT & K& H T 500 °CIZ Nz
L. RMaEEANLTe, 24z 7.5mg @O PmPV &R L7 20ml O 7 v o =& RISy

WS 72, 37kHz, 600W D FHALELIZ X 0 BVLEE% O DWNT N E S E O 2 J& GNR 124

i

L7z, &b, BEBOMRS ZRo 72 F £RM%Z 30 005 16 RFICEIE 32 & T, 2 )&
GNR D4 J& 25 F I L . SGNR 255 b AL 7z, Z D431k % 45620G (20000 rpm; TOMY Suprema21
High Speed Centrifuge) T 2 B BEL . 722 v P IR0 - 7254 DWNT & 7E/L
77 AN =Rl EOFEHIRIE LI A a2 brE Lz, RBEARREEH Lo~ A D ET
I3 SiO2 A E Ui N L, 2 O XM % 350°C T 1 REEDINEL L . PmPV % B Y BV 7=, RENISHAW
inVia ReCex / Stream Line ¥ A7 A3 LN 633 35 L OF 785nm bt L —4— % A\ 7= Horiba
HR800 + A7 L&A/ LT, sGNR % 7~ /3 tiEIC KV HlE L7z, sGNR DEESAFHE
X, RERAETA A — 2 TR BEMENE  (PCI-AFM) 2021 (2-4-2 K TR 2-4-3 £i) 3 LY
Ny 75— MNUERHR N T o2 (FET) #iExHOTHlE L, bdoT7roy >

D7 vt A% Fig. 2-1 (12”7,
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WIZ, AR5+ C15-NDI O ML= iRz . LARTNCHE S 725k 2 O X 912 sGNR %
AT DR EICF v 2 S LTz, OIS, C15-NDI 0 B Sk )/ B3, n-n 2 ¥
v X 7IZEY sGNR LICER STz, EAEKROESHIFHEIL, PCI-AFM & 3FREF 2
7~ 2 (Lakeshore, ProbeStation TTP) & N2 Ny 7 7 — MM & 3 fM FET #1EIC K-> TH Ml
E STz, Nibnm/Au 30 nm O&EMmIT, FHIMNUV)Y V7T 7 4 =T ko TERI ST,
(3-5-4 %X 3-5-5 £i) ML, NI-488.2 711 k=2 /L5 7= GPIB-SCSI R— K&/ LT
B o — 2\ ZHft S Hu7c AdvantestR62452 F ¢ kL IV Y —RAE =X TS vz, T —#

IZ. lgor Pro 4.0 (WaveMetrics)Y 7 b v =7 Zffi | L TINEE S 7=,
2-4-1 AFM
JAF B ER 7 10— 7 BB (AFM) I E O F ) HEE 2R 5 72D D72y — )L Th

%o ZOWPEETITRELEREE (D F L A=W IND) & DI DIRTFR & T

JRH R

5t Lt
AoFLN—
At
— =
e
(ETVRXFvT)

Fig. 2-6 AFM OAEIEDEREIX, & > F LoS—ZERE O MRS L Clobie, B F L
W=D S o Te L— =i, 7oA U T e i aic S 7= A L E N
925, REBIIE Y AF ¥ FIZR2oTEY, xy FAICBEI L, B0 3 Wocli#a152
ZEMTED,
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FLNR—=D=bd b LTHRIT 5, Fig. 2-6 28 AFM OEEOIEX TH D, B F L /3—
DEINNT L —F = KRG THH, B FLA—DNELDORE BT R Y7~ 5
EolCiich g, B FLA—DlbAI L —F =N ERI S T2 D LED T &
LTSNS, AFM IZ X 2 IEFIEITRBIL TH o F L AA—Dlebpodrz —EI k> TE
BT F7 =R, W F L= EHI L TOKECEI KO ITEEL, T
N=DlebHhuapMT D) a2 NeE— R, BrF L A_A—% —EREECRE ¥/
FEEAL, REOMNMZRIEOZLE LTRMT 54 v B 77— FRMFET S, 24
7 NE— NEOMER @O, BB ZE T o TLE D ZLRH VR, T/ #Ee L D)
TRTVEREL, Fio, BREFE OEETHEBIZ I L T L X 9 72085 3 WEBt ol E 1213~
MEXThd, S varyFZy he— RCTRIEFREENPGON DD, PREtZ 5| Dl E TS
JARER D DT DO R EWVHEIOUEIITIAMETH D, ¥ v B 7E— NIHNE
(2 2 I ORIEE — NIt U TOMFRE TIEZ 2 25, ERERBIMY O R & Wkl 2 llE T, #8
$HERBI OB A B CE L 2 LN bEIE T VB ZNET 2 DI TV D, Kl

(2B D HIESRITHBE T WT B TH S GNR TH LD T, HIEHIEZS v v

V7 E— REER LT,

2-4-2 PCI-AFM

NIRRT A A — 2 2 7 (PCI)AFMZ2 [ IEE O F / 13 & B UM & RIRFICIE 92 FB
T 5, PCI-AFM TOMEDT=DITIE, Fig. 2-7 DFRIZEER D010 & % 7855 S8, BMIC
L7cilBt 2 HET 2, £lo, BEHIREIC T 7 TF T2 E2KE S EENRO L O AT
%, PCI-AFM TILRIR D% v B 7 — RIZ L 5@ S OWREDHR, B> F L AA—BRETOHR
B e 1k S8, SRR ISR 2 5k S8 5, PREF 2B~ S BT R TEEZHIINL .
EI-EERE LT 5, ZomIHE L EIR-BERNELZ T IZX 5 xy HOBE)IC

X~ T128 x 1284112%F L TIT 9., Fig. 2-7(c) DEFOREIC —EEN B CEb- T / ik



BEHAUFLIN—

128x128m (TR L THEYR T,

HERIAEAR

Fig. 2-7 PCI-AFM (2 L 2 IE O OIS, (@Q)AFM O ¥ » ' 77— RIZ X 5 HIE T S 1
ZiE (D) F L= DREAAF IS, () T L= & BN LT, EEAEN
L. Bi-EEREZRET 5, (2)-(c)% 128x128 AUTKH L CHEV K LITV, AFM {4 & -
JEREZ FRFICG 0 Z &R TE S,

IR(AGHSCTIE GNR)ICERS 3 5l U 7= & & | BEEF & &EMOMIZERNITIL, T/ MR o
EREHEERIET D LN TE S,

2-4-3 EGRELIZKDEBIESR

: GNR % RE T/ S 7= SOy F 713~ A & b 230k

R E =T, WU KRE ST o2 —H T A TH
WDy 2 BN BB R —H T R LakphR L& — |k
FNREIZRD X D127V v 7T, B Z [EE LT,

AR L & — 2 WFJEEE T AR S 28 SEE (Fig. 2-8) @

BHZETF ¥ L N—NIZ AT, BEZEEAZ1.0x 107* Pa Kz
Fig. 2.8 AMRAKREDIMEL | 2 iz e rma oiE, K% S, 2RO
PR H T A THHNTOAROEST 30 nm OJE S D& 2R S 07, &L — R 80

pm/s & L, £DE=4 Y > 7 3KMEIRE)FEEFHT L - TiThit e,
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A4 WYV I ST 4—Ick 5B/ —=2Y

i\ FET IED72012 UV U Y 75 7 1 —CRMMER AT,

N 7 — NRLFET L L 72, ZOfiTiEZz O FIEIZ O

TikR5, RFFETIER AR L P A N TéHh D OFPRS00-50cP
(ERUSMET ) B L AZ5214E  (AZ Electronic Materials)

2 U, ERE L 7o bR RIZRBA S 4172 GNR I E#E A 2 HY

; DEFT7-, £9°. GNR 208 S8 7= Sio etk a7k o, =
Fig. 2-9 4E4MRIRSTH ~

FYE T PE B )= TUR ZAT o o, Petih ERORTLE & LT3

AFNT T (ERIME T 38 OAP) % 4000 rpm, 10s C
A FY AL, WIZ, —BHDZ + LY A b (OFPR800-50cP) % 5500 rpm, 60s T
AV Fx A MME, 90°COR Y 7 L— hT60sIEEITo72, MEVEZ OFEMRIZ T H O
74 FL P X (AZ5214E) % 4500 rpm, 60 s TAE L a—F ¢ 7 LIz, 90 °COK v
N7 L— T 60 s MEAEAT o7z, Fb & B — > O~ A7 L OPfllE B § 5729
2, = ) — VTHRARO L VA N ERE L, ~ A7 R OEWRE SRR~ 27 7
FAF— (MA-20, < BVHRAEHE) (Fig. 2-9)IC#% LSRR Z 0.4 s IBEIHE . 120 °COIR
v M7 L — R TO0s IMEAZAT o7z, INEME, HotlA 30s KiR L 45s R EIT-o7, Bk
%, KEBILT h T AFAT E=7 A 238 KK (BIgIR) 1212 L 60 s #8EHvEis 217
ol BN+, S BIZ30s BUGK Tt 21T o 72, Bifg1E, 120°COKR Y M7
L— hC 120 s MEAZAT o 7=, BULHOFMIL, B -HREB)AFEEZ VTN 275 L
Toth. (GRMFIL 2-4-2 fiB ), Au 2535 LTz, AR HROIERIZ, 74+ b LU X MR (¥

AF VAR FT K B60%N-AF/L-2-°0 U R 40%) I[ZiRiES " 7 M4 7 51{T7-7-,
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2-4-5 EB E—LRFEIZK HEHER

W VYT T7 4 —=ICL> TEMBDIZIRZ 7 —=2 7 LTz SiO 2tz dlkt L 27 —12
o hL, BZEF ¥ L/ X—NIZ AL, WNEOES%#1.0 x 107% PaRIZ N, il THE
ATl ARETTHH LB Y ) o 7 3 80 L-045E £ B Hy/ N 35 451

TV ALV — RO R HERIRZIINE D = B 2 — 22 L > THIfE S 7z, Ni &

B, BT v =
I SR 2 G e T OY (c) EGP-210RS &8I,

5nm, Au % 30 nm OJE CHERE S, REL— I hd 80pm/s TH -7,
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AR TIX, W5+ & LT hexaazatriphenylenehexacarbonitrile (HAT-CN6) % 5 Z &1
X0, fEHRFIECHES 7720 7 UARY (SGNR) 1Ty R¥ Y v 7 Z2 R S5 2
LARHELIE L SGNR X, DWNT 27 >y 7422 & TIER L7z 6, HAT-CN6 O
T AR 2T L. sSGNR OFEFFEA RSz, I, ERR F T VA A HiE
ZHWT, TR BMERA A —Y v ZRARBEMENE I L > T sGNR OEKHFHEL
HE Lz, ZORRIE, T/ B L0 FOWE SN A TETNL R S 4,
WG SAVTZ BRI ITIC SGNR D% Z SR L7z Z &Ik 5, L7z23-> T, sGNR
EoFXy V7E Ry ZEBEEZBRT 5720 THY . ZHITIES D SGNR 2% v U 73 %
BT 256 8 L<BITHAD, 20 L) 2P0 sGNR Tl v 7 S8IKOE D I v+ U 7 230

A B, HEIRE 72 D, (FR ST 38R M SGNR X, 7 31 AR S 41D

LI EN D,

3-1 Fim
T5 72 0%, TS AT IVT NN ZADENT Y U TBEE L AL AREEDZDIZH

BRI EE L TR ELTER 2, FRT, BRI A v F o 7 lE L mWERIREED
TedlZ, L7 b= 2kt LTIRESINTE 2, L, FUF 7 &R LEBMEN T

ERR N T VRS (FET) XR—=RADT NA R ZE 7 T 7 = > &S 2 IR
b%3 Lo T, 777 = OMAMAMNILIEL, GNR & LTHH LN TV DIROHRNT T 7
2 URED N T UVAFBIOEMARICE S TEELRD, 2T, CNTsOT Vv
BUGNR DT T T =Dy F 76 AR TS, 728 GNR 2185 72012 < DD
TEPBF SN TS, LarL, GNR D, 7 AT Mb, BE, 774 A2 FOIERE
IR E L CGRETCTH B,

S HIZ,10nm R DR Z AT 25 GNR (T, 8 RAZEE) (B r /2 Ry v 7 EEK)

ERLUCFRTIEI N7 PAX E LTHEHT D Z ENTE 20, BLETO#HE TIL, i525 10nm

46



A D GNR 1T — KL OBEM ¥ ¥ UV T LIADEZ R L, @mWFx U TBEE L 447
THIROANY RE Y v 0N 2 EREIMIANATND O @k v U7 EH BT
(carrier-free mean path, MFP) & BB D 7= 12, GNR [XESEMRE b T P A X125 L
Lo TnD 0, ZDk), EROMIETIZ, T/ Ay afb (LRERM 2B Fa7
WV — MEE U NV DAL F U E—AICED T T T2 ~DORMGOEBN B2 828 BT
T 7 2O RE Y v TN EE ST 5, sGNR I, FRlC, EEKT S0 2 Hific
BILZNODISHOTZDIT, MERVERZ8ED TS, LA S5, sGNR D& &
OVSGNR 7734 ADRFEOZET L, KIRE L TiRBEELWHEETH D, CNTOT Yy
WZfED N R Y » T O Z RS 2 WEITOTNNCH D 8, LN L, DWNT &
TVl THZ LI o TELN sGNR DNV RE Y v TR D=0 DR R 72 5%
LI ETHE SN TR,

AAFFETIX, BERAIIZ LY DWNT 225 @WIEETO sGNR ORI LT, 15
BTz sSGNR IR 2 2k Bl F L7z, WWTC, BRIEDT-OIZETH#Y V777 4 —

ErHWCTEmEZER- L, FET 7354 A& {E® L 7=, KIZ. hexaazatriphenylene-

hexacarbonitrile (HAT-CNG, Scheme 3-1) D7 & b VA &

NC CN BGE LI2T A 2 EIZ% ¥ 2 B LT sGNR ORI
N>/_\<N wRESET, MR WE Shc HAT-CNG 7/ Rif- 0

N N VT < DFIESEIR T SGNR D3 RE v v TR A IR

NC—’ N)—CN
=N N= T 5, ZO51F 2 Riox, &/FESH S FiE (LUMO)

NC CN
TRV —YEN DK 4.4eV EHRNT VBT X —Th Db 1,
Scheme 3-1 HAT-CN6 DO REiE=
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3-2 BREBR
Fig. 3-1 (%, SGNR L2735 S 7= HAT-CN6 T/ Ki % fEiB 3 2 7= O I BIE S v T 11

FIEEMEE (AFM) B8 %23, BIEROER., KW ERID sGNR O F X% 0.54~0.62nm T

bolz, BELHL SGNR D S DZALOEHIL, ORI S ICEIDbDTH -T2,

HAT(CN),
50 nm
—

Fig. 4-1 KL 1237 L 72 sSGNR @ AFM 4, (a) GNR (Z HAT-CN6 ¥ (107 mol / L) Z i T
L. GNR DIF XV K& 72F ki1 %W X725 D, (b) HAT-CN6 O£ % 10° mol / L
LD, K0/ EWF R RIS TS, (CHAT-CN6 DFE% 105 mol /L &
L7=H D, (dHAT-CN6 D¥EEEZ 10%mol /L & L=t D, LV E< OF 2 hiFnkas LT
W%, Z O Nanotechnology &L v 51, &% L7z, ©IOP Publishing 2017.

Copyright Clearance Center X Y #5f DFF 2 1572,

XDz, BRDWEDT R HD HAT-CN6 % sGNR EIZF ¥ 2 kL, sGNR OEXMIFF
PRI 2 HAT-CN6 -/ Kif- DR AE RO ELZ B 6N Lz, Fig. 3-1(a)-(d)?> AFM {4
1T, HAT-CN6 #E A2 2H 107,100,10%104 mol /L Tdh 5 CRIEZ S /-, AFM [Eif%
OFERIE, SGNR LOWE ST /R Th b, AFM OFEFRIL, 7 ko H D HAT-CN6
DOILEDREEINT HIZHON T, W R I Y2 OWE Sic T i+ O8b 728425 2
LM CHERR L=, SGNR & HAT-CN6 & D8# /)7 n O AEMERIC LY, F k11X
SGNR RIZAEGIZW S S, B OMAkLsy 1) 2 b7 & sSGNR DGR E BT 5 Z L 3T
x5,
RDAT 7Tk, 4 DOEIR DR EE T L 72T 7 KL FIsSGNR #H GAREL 2 2 fil #E it

A A= 7 (PCIAFM 18 2 -V CHIE A 1T > 72, sGNR EICHERE L7272 5 HAT-CN6 =
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@) (b)
[ 2 Width
4004 1.4V
3 — -
i 0 H H
200 i i 2 -8
‘é 20 10 00 10 20 =
= Bias Voltage / V el © -
c 0+ = )
5 "= ; z
5 w10 mol /L a
G -—
O-200 - = 10" mol / L =
5 ®  sGNR with HAT-CNg
— 10 . mol / L m  sGNR with large NPs
-400 = 10" mol / L = sGNR with C15-NDI
T I T T T T
2 0 1 6 2
. 8x10
Bias Voltage/ V X

Number of particles/ nm’’

Fig. 3-2 PCI-AFM {2 X A WE DFER, (Q)FIRED HAT-CN6 DIREOREIN LA L IVEE
Ti-EE R, AT 10 mol/L 30k o B - R fh#t A 0 L TG S vz di/dV i, 1.4
VO7Z h—igZmRLTND, (b)RERAFEICKT 57T M—iEOBK%D C15-NDI &
HAT-CN6 DA D E#:, Z d X% Nanotechnology £ ¥ 51/, &kZE L7z, ©IOP Publishing
2017." Copyright Clearance Center J ¥ #isifif O #FF #] %2 157=,

JE &AW T=RRTY > I An b5 67z PCI-AFM i % Fig. 3-2(a)i27~d, 107 mol / L &
HAT-CN6 IRIEEZ BT 57 A ZABRELNEREE (V) OFERICIIE, 731 AT
IR E L CTaBRMEAZ R L TV D2, 109,10°3 LUV 10* mol / L HAT-CN6 DI i 13 -8 {4

HTH D, GRBED S LERME~DOBITIX, sGNR LD 4317/ Ki OW A FEIK IR VEE 1
FZ o7 HA FRTER SN TND Z LI LD P, T3 ADNEEREREI, di/dV-V ihift T
Bon=77 bR K> THER SNz, dildV-V i e fEfEEkiX, 10* mol/lL @
HAT-CN6 ISiiIC L > THRb N5, K2 (@) DFFAMIZIREND 7T b—lEZRd, SbIZ,
B EHTZOOF i OB EESELZLICLsTHLNTET T F—EEK 2 (b) IZ
7ay kLT, F /R0 sGNR ~D R A s LTz,

RRIZED LTI F—DRIE, BT N7y 7V A FOERE Ry VHEBETOF Y U 7D
PACIADITERT 5, B S U700 OWss Shic )/ R OFICEHEI+ 5, sGNR |
DHNR S Y20 OF JRFOEPEIMT DI o0 T, BTHEN L VR 2D, 2t
SGNR O k7 v 7 SN fHIRIARE N DI N EZRIB LTS, Ll (817 T 7 =
VI Ay a LARROZFEB) Z R T SGNR O3 v 7 HifEEk A2 1 - THAE L7z Y S Witz i
T, Ry ZHEBOFEIC L D . PR MR A FET sSGNR 2 A b S5 20, R,
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HAT-CN6 D FEDMEVY (107mol/L) T34 A (Fig.3-20)DHE AT 1w b)) TIXF T b—IgE
Bl S, il EN7 T PO RIT L, 7L YA 2 F (C15-NDI) 43
F1Z & 5T sGNR OFpPEA 28 L S 72 LT O A & R ST 2 19, sGNR LD i
72 HAT-CN6 7~/ i35 KL O C15-NDI =/ KL D Wi 5 7 B 45 B M7 R O FLH T FE-S U
HAT-CN6 |&, C15-NDI £V & R&E Q7T F—RAZRESELRNT 78T F—Th D Lik

M A ZENTESD, ZHUL SGNR EDFAEEHORE S L LV EV LUMO = x%/L¥
RIFEIINSWNGE
o [1[AN

AN

TUIOMNELS
RFEHIKENGE

BFELTYVT
GNR

2O DELLELY

Fig. 3-3 % v 7 &R R OFH, (@QHAT-CN, 7/ ki 123 GNR (ZWF#E LG &, Z Ok
DX UV 7 BEHOEAR, (b)GNR OF XV K& 727 2R3 Licia oK, §~
TOX Y VT IXF kI b7 v 7 E 5, ZOXIE Nanotechnology £ W 51H, & L7,
©IOP Publishing 2017.! Copyright Clearance Center X ¥ #xfi D FFa] &2 457-,

—LUL D= TH D Y, Fig. 3-3(Q)i%. HAT-CN6 F / Ki1 & sGNR & OHEA KT ks O
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BRI TH D, HEFEL7 HAT-CNG 7/ ki D 72912, F v U 7 ORI LidH A sGNR
DFy ZIZAET T, sGNR OXEFSEM T, A7 U —=2 ZZhF03 N SO C i T
EHEL, TORE, Y2 F—DX o b xUEENET D, HBAYIC, Fig. 3-3(b)I2/R
FTHIIT, T RFD SGNR IE L D & RE WA, F v U 713 sGNR LIZ5EAICH LA
SNb, LER-> T BETEFR Yy BV 7L > TORRLI Y, 77 b—IgI34E Ckeho
7= (Fig. 3-2(0) D HF T 7w b),

S HIT, T RADWAEH D sGNR DG MHFrEIT, ERIR T 2% (FET) HIET
LHERINTND, Ny 77— MILFET MIEDEIEX % Fig. 3-4@)r~d, FET FT0OE
SRR 21T > 72,

(a) (b) ] =5

Ids / nA

-100 -

T T T
-04 -0.2 00 0.2 04

Vds / V
(C) semimetallic (d) s . . . .
200 — 10.0 H Y RN ' S f—
RVEZTEE Ry EE
95— N '
150 — b - . -
< £ =
< n " - 100 In o =-15T-1+16.4
~ ~ 90 k.
w 954
5 100 - b - s
- P 2 90
T 85+ 2 85+
50 | 89-n o = -600.41T"%
80 75-] +11.41
T T T
o emiconducting R T
T T T T T T T T T T 1 T T T T T T T T T T
-20 -15 -10 -5 0 10 15 20 25 30 0.02 0.04 0.06 0.08 0.10

Vgss/ v T" / K"

Fig. 3-4 FET |12 & % sGNR & U* HAT-CN6/SGNR A KO B LME OFEH, B K OE
BT SGNR DHDT NA AMBE LN E DO TH Y | ARl L OFRFR T HAT-CN6/SGNR # 4
ENBEBLNELOTHD, (@) v 24— NEFETIC L 2 HE OISR, ()7 /31 A
DOEIR-FEERNE, AL SGNR 77314 2D AFM ., (O)#IE 7 1 v Mk b FET 534
2D — N, FARIIRIA 7 — i k2 b 0, (d)EXEEEOREKRFME, AKX
X7 L= A7 u v b, ZOKXIiE Nanotechnology & ¥V 51, 242 L7=, ©IOP Publishing
2017." Copyright Clearance Center X Y #z#i D FF ] & 15%7-,
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Fig.3-4(b)IZ/~" 3" & 9 12, HAT-CN6 DO A5 ORifRIC, IR T Ids-Vds Il EZ1T - 7=, AKX
1T, WE ST SGNRFET 7734 2D AFM B TH 5, 15 bz 1V #liFn 5, HAT-CNG
F KA OWAEBIBER G S TND Z L0 5, i, ko 1 X912 sGNR (2
B b7y YA RSN TS Th D, £/, Fig. 3-4()iZ <7 &L 912, HAT-CN6
53105 SGNR 252 A A 7 o L EURRHE 2 R 5 7212, 735 A DR AT
Pz R 7o, Fig. 3-4(c) OFFAKIL, A 14 7 bz BHEZ AT AL T 2 7o DITRH A 7 —v |
W27 my P ENTARERHETH 505, FEERFEIIIEA r— L TR0 I<HEET 52 L
NT&ED, JLO sGNR ZHT 5T /31 AL, SiOp A D R —7 S 7B 1 CAJRMZE)
ZR LTohy HAT-CNG 2 H 3 27 /3 A%, M7 p BEERICE# Sz, HAT-CNeg &
B TOT NA ADF AT HIE, 1204 —4—Th V| BEEILN 17cm 2V s 1 Th
Do iR GNR T3 ZDF o A7 AR T2 2 813, mERT VLTV br=7 X
TV = ary BIBWCHRICEETH L,

SGNR _E{Z HAT-CN6 235 L7 T /3 A AXmWA A T lE o7, 2o Xk )TN
A ANFEERAA v F T T TV r—va AETE S 2, HAT-CN6 & W27 /3 A 2D
fREERHEIL, ADS — NEETORMBRER LA 2R L, T ANOY = F—kk h oY

WCEDAREME S H D Z EDNBIEINTE Y, Y —D Lo b Rx Y U725 T,
Vgs>> + 17V ORFZFERITAT, 77— MEENANA T R\ - T L, $-5V TR
WIS 222 TERD A LigoH T,

Fig. 3-4(d) IR T K D12, 73 ZADIEEEAFEBIIE LT v U 7 i S 2 [FE Lz,
TEENTERAT DI v U 7RI, EZ220HBIIERNLTEBY, bl oI mE LR
Yy B RBIZE T uy M 2 SOMIITHPN TN D, b o/ VELSIIEIR Bl T
B S AU, EiEfEE (150 K LLE) Tiddk v B o s Bl S iz, Fig. 3-4(d)04F AX
I EH L= RV =2 B DI LT L= A7 0y FTH D, BFLNERRICE

T, HAT-CN6 W &R sSGNR ~X—Z @D FET 751 A%, 150K F TIRENME T4 % L
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BEMETTHZL2RL TS (Fig3-4d)R7ay b)), &2, HEEROLHIL, sGNR
DBBFEIRDOEET + ) o OT=DIT, WHFOTSA A GLDT /34 R & HAT-CN6 23075 L
72T /8 A) THI 100K CELAl S 7= B, Fig.4-4(d) 0T Pl E R IE HAT-CN6 % iV 7= sGNR
FRA ZDTEMAC TR LT —DT L= 270y MRt 2 550D sGNR 734 2B L O
HAT-CN6 % W=7 A ZDIEM b= /L F—I%, £V 1.5 meV B LT 52 meV T
bDHEFE SN, JLD sGNR 734 AiX, HAT-CN6 Z i L7=7 /S AT A TR VE
ML= R ¥ —%RT, LIZA-> T, HAT-CN6 2SS L7273 R, FeBErEn o
BREHE~ORE BB ZEZ LTV D, b= F —L, WESNZT T b—lg XY
HIEDHPTNESL, TT h—w@R T 2R FROF v VT ARy B REICHRT A L&
BT 5, BENEFT Do T, HAT-CN6 24557 /31 AL, EERNSHEIMNT S
AR -T2, LvLARA D, £ 100K OIRFE T, EEROEEFMPBILZ S NN, 2
T ELE LTERBERMEOTRICE 26D TH D, ZOEEL, BRUVIED SGNR ~0 HAT-CN6
DFOREIZLLDEDOTHEH Y, ZIUTERMEREZMHI L7z, L7edi-> T, AN Mg

DAECRWATREMED B 5, F84E L7o/mE1X, variable range hopping ® 12 L > THE L7,

3-3 HEam

A 72 ARy - HAT-CNB @ sGNR ~DOW 52 L - TN D p BLEERMEA~DOER %
HIE+ 5 2 ik Lz, FET #llE & PCI-AFM O H2 5, sGNR OERAFFED (L %
WRTHZEMTED, EHIZ, HAT-CN6 X, 10 nm LY HJEV GNR IZBW T/ RF
¥ v T EALSTCDD X VRN 25T T /i Thd I ENAM SN, £z, sGNR IZEIT
LR Ry y 72 BH 2R L T D, 77 F—ilglid, sGNR LiZWas s inizr /
B DOEUIBIT 2, Fio, IEH L= R =R ERAEEREIC L > TR bz, N

R¥x v 72 < ZOEMIT, FRRO¥ERE L7 bu=7 A[RITALTH VIS,
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3-4 EER A&
S 3~15nm @ DWNT Z#HEME L LT L7, 500 °CTTr=—VU>745ZLIZ

X > TIED DWNT (2R faZEE AN L=, W T3mg O PmPV B LUV =— L L7z DWNT
Zl2-vrnnxZ o 10miIiNziz, 2 OEREZ 600 W OfE & IR a4 HV T 37 kHz
TA4hBEFWEALIE L, DWNT 27 > v 7 L CGNR #5372, 55172 K% 50000G (K
20000 rpm; TOMY Suprema 23 High Speed Centrifuge) T5hm.OEEL T, Y D) ) F =
—TBIOTENLNT 7 A=A ERELL, %I, RBRREZHE L, SiO2 5K LI
R L7, RO, Bz K& FT350°C, CT3h 7 =—/L LT, PmMPV %M # LUV GNR
MBERE LTz, KT, sSGNR Z Ee il I A HEfE S w72,

WIZ, HAT-CN6 OT & b UERE R EICiHE F L, 7T hoBn&RT5ico0n T,
HAT-CN6 O H Cfifkil T 7 K71, mn A ¥ ¥ 712 K 0 sGNR IZKAE L7- 2, BRI
DOEAZ MR T 272012, WK T A —2 T F T A Y (Agilent 4156B) % F\ 7= (X5 4 7' &
— 7 VA7 A(Pascal Co., Ltd)& ., ATy M7 v 7 L7z PCI-AFM(JEOL JSPM-5200 % 2
YR Lz, 2-5-2fizM) BT —2U Y777 0 —ICXD SiO FA I Ti/Pt (6 nm
[ 24 nm)EAGZ ERL L 7=, (3-4-1, 3-4-2 HiZ ) FET JIE D 7= % @D sGNR DiiEIL 23 nm TH -
7o I, Vds & 0.5V IZHEE L, Vgs #2b 385 2 LI K-> THIRE CERAZNE L

776
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3-4-1 BBV VYIS T74—IT&KBHEMBINE—=2T

GNR &yt S 7zt iz, EB LY A |

AV HF Y AMLIZEBLYAMELT,
| 1:1OBEELTT =Y — L THMR LT GL-

2000-M (Gluonlab.) ORIV A | & ff

H L7z, Zi% 2000 rpm, 60s TAE %

¥ A b Lo, 0%, 5% 180°CT 2min

ME LT, LA NEAftR, B4 EB %%

BORBARLA—I2E Y F LT, AFiTIE

Fig. 3-5 ELS-7500 TFE & 1- & — L i [l 25 &
(elionix) DAMEL,  (a)ffi B4 E A & (b) /S — EB #:f& & L C ELS-7500 TFE &+ &' — A4
VIrarsa—H—%kEHary ha—i

e EEEE (elionix)ZfEH L7z, (Fig.3-5) /3%

—= OO OETE— LOMREILH
30NA OFEFET 167 uC/em? [ZFRE L1z, FW\TRY— 2 Efinitk, 7% N-7 21
77—k (Zeon ZED-50) BUEHRIZ 5 min {ZIE L T ¥ — 2 %8Bl L, BRIERDZH
e BERELEDL, U7 A 7BV AFAZNLERRY RRT2hiTolm, V7 47
T A%, T, ARRHET V= =TI HRESE T, VUL EOlmREREL
7oo  WIZ, BMRE GNR & O BBz T 2 7-0I2, #EE2T=—V 1Lz, T=—
L 350°CT 2h T - 7=, 7 =— VA (Full-Tech Ft-101) &2 Fl W CTAR#I 2 B2 L. GNR &7

H & B ORI 2 s LTz,
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3-4-2 RNy R ) UG KICK BEBIESR
UV VY757 4 =2 Ko TEMDIIKE R Z—=" 7 LT SiOp MR Z e R L & —I2

v hL, BZEF ¥ o X—NIZAN, WEIDOET%4.0x 1075Pa (2 i, FlT CTREEIT

Y T AEE DML,

Fig. 3-6 Z i A 7 b 1m =27 Z4L&l? CFS-4EP-LL A
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S, REICTHERA LAYy X v
THEBITZMA S br =7 2O
CFS-4EP-LL TH D, F¥ o —HN%
Ar Tz L CTHEN%Z5x 107! Pa &
L. Ar liZEEEZNTHZ &L TAN
vy E )T ETol, HAEL— MK
OV B 7o HERRRRZ (X D =2 > &
a— ko THlfSNTZ, Ti % 6
nm, Pt % 26 nm DJIE THERE <&, 7%
L — MiZ 80 pm/s K Of 100 pm/s T

HoTm,
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Fig. 5-1 (a) 4-methoxyphenol, (b) trans-stilbene. (c) 1,4-dioctyloxybenzene = H\\T7 > ¥ > 7
% Zi7z sGNR @ AFM 4,

-2 BRLEE

Fig. 51 TRLTWADOR Y7 uuxZ VR TT ¥y Tl A& kO AFM 12X -
THONENRT T 74— THD, BRSO T A T a7 7 A b Sinb, Fig. 5-1
@), (b), (©)ILE S72% 0.7 nm KT THY . ZHHIX DWNT 7 2Py F&H, & 5IT dGNR
DAHIEE L T B A7z sGNR Th 5 LI C©& %, trans-stilbene DFEHCIIMEED O & S 13k
FBteda 2nm LL T Th - 7z, 4-methoxyphenol DFEHI I3 TiX 20 %A ThH - 72, —J& GNR

DEEIT19Nm K 167D T, BWEIESTT Yy P ENTEZ ERRBENS, —F. 14-
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dimethoxybenzene % VT 7 > ¥y 7 & A 72306 ClX, 60 % LA EOREY 3 & S 2nm LA
ETHY ., £, &S 0.7 nm KD sSGNR & HIBr T & HEEMITI A bNRhoTle, 2D
& 5 1,4-dimethoxybenzene (X DWNT O 7 ¥y FIZHENTRWEEZ HND,

FEBRIT 1,4-dimethoxybenzene (Z L > TT > ¥y IR AL R ENRVDDNE MDD D121,

1,4-dimethoxybenzene T7 ¥ TR 24T » TYERL U 7=~ A 1 HAR - OREEY D& & 4546

6_.
5 — _ —
% Vi @
D3+ B _
% \\
2 — | = KN R
A o \
- A I
1 /7 Qr’ L] | Y4 \\
0 —==2U = I
0 2 4 6 8

=</ nm

Fig. 5-2(a) /5B DWNT. (b)1,4-dimethoxybenzene |2 & » CT7 > ¥ FULEE 24T - 723k Bt &
AFM (2 K> THIE LIF S NIZER DO m S 3D e X F 7T A,
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ZHE L, REOJFE DWNT O % @ & Lhig U7z, Fig. 5-2(a) MSAALEED DWNT, ()73 1,4-
dimethoxybenzene 12 L > CT7 v ¥y T I NI BN OHE LN EEW ORI D
ANTTLTHD, TNENDZ T 7HOFEMRITIGOPRO 6.340I1ZL-~TAHVAE—T T
AT AT EATOTRERTHY . FRIIFE—27 2R LTS, @),0)WTHICHALI
H2mmBEEOE—27 (O, @) IZDWNT R TH D, HllllcAbis e —7 (@, @)
I3 DWNT O¥ERE R TH D, @DEMD 1nm BH%FDOE—2 (©) 1LEE DWNT D&
FRIRFIZIBAT 2 SWNT TH 2D LEZ LIS, ZOmIITAGNR LIZIEFF LT THY . SWNT
& dGNR @ AFM IZ L 2 HBNIEREECTH 5, Ll E—2 Q0 v — 7 OITxtd 5 mfish e
A 016 572 DIZkt L, =20 Oob—2sO 1ZxT HEEMELIZ 024 5 ThY ., b
FTHZLEALTWD, ZOLEAZITIE—27O@ 12 SWNT 7217 T2<, dGNR H U7 F &
NTNDHEHThHDLEEZ LD, L7~ T, 14-dimethoxybenzene (2L > THT N ThH
HBRDWNT OT ¥y THREITLTNWDH EEZBILD,

T Yy FICHR TH o 7= 4-methoxyphenol & & £ D B % T o 72 14-
dimethoxybenzene DiEWNL T =/ — /L KFEDOHF M TH 5, 4-methoxyphenol (L7 = / —/LiK
REAL. RO TOTVHNVESOBRIZITEAEE Al LTHW SIS, 4-methoxyphenol &
JAPIZ T PANDPIAET D L 7= /) —VKENHEEL . 7 VNV ERNEHLESE D, KFHE
DILBE L 72t%, BERIR T BICiRk o 72 7 U VI ET 5 XU B VRO TR ENT D, —
J7. 1,4-dimethoxybenzene (21X IS 5K FIFAFAEE T, E£72. 4-methoxyphenol & [F]
CAEDOIARENUINTGE BETL2DIFEATFAT ANV THY | ZHEIARZETHD
72, ZONED C-OFEAEOREY VARBITARS IITEE v E X B b, (Fig. 5-2(d))
—7J5. 1,4-dioctyloxybenzene (23 CRINLE O ILFFES NUIM S =856, BETL201E 1
T CANTHHATTFNTIZHNTHY, AFINT VN E ST LE TH D
LEZ LD, transsstilbene (X " HEEGEA L TWAD 0, BRICHET D7 VWL ERES

LRTWNEEBROND, MAORICHEELTLKET PHNVTEHET 2BV BROZR TR
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LT DLEEZABND,

, not cleaved
X

HiC

e
Fig.5-3 7> Yy 7 DA N=XLOIER, () BEHEOHETRIHEDOZIXD C-CiEE A3
gl T (AT RO, (b) 4-methoxyphenol %5 F sk DK E 2NN L. A Al 7 B2 7,
%, (€) (@ICFED, (d)1,4-dimethoxybenzene DA%, s BN X du 7=tk O X ARZE
LT, BHITIFRAA L 20

ZOZEMNBUTOEIRT ¥y TOMNEZ BV, (Fig. 5-3) HEREF D T
—RT ) Fa—T TIECCHEDTEIZL DT VI /L L FHREG 2 Y IR L TV, (Fig.
5-3(a)) BVLFLIZ L > CTEX2KMOZIED C-CHEAIZL VA LT WEEZBND, 1F
ENEDHERELILT PANTHRE L, TDT ) Fa—T OffiEz ko2, < U
4-methoxyphenol 7> 5 52 5157k, trans-stilbene ® — A F 7213 1,4-dioctyloxybenzene

MOIAELTA I TFAT O HNEBERTRAELLIRZT VNV EDHE-EENTE, £

ELP

DENET 2 — TG I EN 2 < 72D, (Fig. 5-3(b)) F£7-. FEA L7z/AKFBIZ L D IIRFEEIC
FoT, BT D C-CMAIEEIE TSN, BERDOHRIZL DT I MENEZ YT
<725, (Fig.5-30) 29 LTH /) Fa—TDO—EDThnbe ., KEFEFEOKEIZE
HARIEHALOB Y K LIZE > TT vy IREITT D B 2615,

A FE TORERD S 4-methoxyphenol., trans-stilbene, 1,4-dioctyloxybenzene (Z L > T7 ¥ v

TNTELZLBbhole, WTFNBBERICE > TREAE LT VUIVEIRFE DB REMEL
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THZETT Uy TREITL TS EEZ BN,
AEHONECTHA L CCRHEANT Yy 7D
ERICRDDTHUT, BT O NP FET
E, Fa—7 ECRELTRET D HL L aE
BEHKL, 7oy IBEITTHEEZOND, £
ZCT Y ANVEEEAIO—FETH D AIPH #HNTT

vy TRk A T, Fig. 5-4 1L AIPH Z# W TT v

v FENTTEZSGNRD ARM IC L > TELN-

Fig.5-4 AIPH %l CE B
SGNR ™ AFM 4, RTT77 40— THD, HRBIIh-TmmI7Tn 7

7 A 059nm AR L, AIPHIZ LD DWNT O7 > 2y FICsh L7 Lt 5, 2D
FERNS, FUINFEOGFIE R TCH—R T ) Fa—TOT ¥y THEITTH I LRy
Mote, BERDOWETT PHME LT DWNT LORFEE AIPH HREAE LT P H N
e WHGREEZEY, 7oy IREIT LB NS, £, FVINFEET A v

THI LR, Ry VEMIN TE D AREMED RIR S LD,

5-3 #43

4-methoxyphenol, trans-stilbene 35 J: TF 1,4-dioctyloxybenzene % 7= DWNT O 7 > ¥ 7
(2 &% sGNR DIERUT T LTz, ZORERNSHHFHIR Y ~—PmPV D7 ==L =1
MEROA T FNAXENT Dy TICHHTHY £, 7= ) —VKENT Vo7
WCAHZTHD Z Liiyinole, £io. ZOMRITEME R GNR % KBS ZAGICAFR T
LM ETRET LD THD, ToVy 7oL LTUTOE I RbOnEZ LR
5, BEROFIMIZE>TH—RF ) Fa—T7L EO—HD C-C fEantlh, 7w
IRFEDFEAZ L. 2 4-methoxyphenol D 7K5E F 7213 trans-stilbene ® —HfE A £ 721% 1,4-

dioctyloxybenzene />S54 LA 27 F AT U EAREAEEER L, Rl T oy 7
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LD, ZNEMEVIEL, CNT 288910 B2, GNRIZARD EWVWHILDOTH D, 770
NBRLERI T D AIPH (2L %5 DWNT O 7 > ¥y S0k Uiz, Z ORI v VEMiS

72 GNR Offif# 72 ERN A EETH D Z L2 BT D TH D,

5_4 %tﬁﬁiﬁ
DWNT5mg # K& FT500°CTHIEA L, RIfpZEA LT, Zhazyrunxy o 4-

methoxyphenol, trans-stilbene, 1,4-dimethoxybenzene,1,4-dioctyloxybenzene OV F e &
(BB TS, glEfiE 5 M OBERAHIC T, 7oy Taeildhl, ol
Sy Si02 7213 Mica FARICHH T L. ARM THRIE L7z,

A T AR I SIS A 1 mg- Lt O YR EE CTHF < H .10 ml @ Sodium dodecyl sulfate
(SDS)/KIEHR (L mg/L)IZZSLEE 7= DWNT & & %12 2,2°-Azobis[2-(2-imidazolin-2-yl)propane]
Dihydrochloride (AIPH) 30 mg % A& I ALERIZ X » THE S, i) T 5h OBE R H
7o, BEBAEOR, RSO AIPH 2 L TRV ErE . A EOREY) 2 B O s
PERITS I 53 S T, JERBHER D 7= O 73 Bl 2 HARITIE T L. A A ZZHKTHE S 2

& TR IR G VER 2 BLD R,
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A EFRSULCNT 72 ¥y TR K D sGNR OFERLE | 2O BXWIMEICE SR Z YT, B
REATS T LD TH D,

BLETCII I 70BN 772 0F 7 VRV OATHRIZOW T L, T

AL ORERZIC OV L 72,

F 2 ETIEDWNT IS LTT v ¥y FHEEITV, DWNTIEMWNT K0 7oy I X
% sGNR TERLZHE L7 JFREHS LR ENTZ, DWNT 27 > ¥y 7925 Z &L T2 8 GNR 3MED
. TRDGIZ IR END T L TSGNRIZA42 S, sSGNR OESHIMEEIZWAE S+ 5 C15-NDI
F ORI OEBEEZ D ETary ba—LT&5, ZOFEIGNRIZNY Ry v 7%
BESELHELRFIETHD, N RX ¥ v 7L GNR IZWAE L7z C15-NDI F / Rif-DJE v
DRy I EEICTE D, ZOFBEIC K > TR G T S A 2 L0 BN TF A 2%
BAFETE 5725 9,NDI 3 L= GNR OfEji-EE##RO 7 F b —igidl & L7 C15-NDI
F R OB B L TET 5, 512 GNR OESMMEE 4k L, C15-NDI F / ki
FOWEZITEERIENS p BEERMIC 2D,

95 3 T CIX A RS T HAT-CN6 @ sGNR ~DW I & o TEJEMEN S p BI-E R
~OEBAHIET 5 Z LI Lz, FET JIE & PCI-AFM D5 R 725 . sGNR D& XTI
YOEEERT HZ LN TE D, EHIZ, HAT-CN6 1, 10 nm £V HJEV GNR (280
TR FXRYy y T2 OO X VBN R0F T /T ThHHZ LR SN, 77
—MEIX, sGNR LIZWE S e /KO8T 2, Fo, EH b= 3L T =N R E
REMHERIEIC L > TR O, AU FF vy 72 2OHENI, fFRkofEE- L7 K
n=7 ZHBRIZALTHYH D,

55 4 T TIL SWNT 725 sGNR ZAEHRIT 5 Z 12k L7z, PCI-AFM 12 L 2 BAUFFIERIE
LTI L D0 EIToT-, 1354172 GNR O PCI-AFM Z3#T OfE R, -k
#aoR L7z, SWNT O E R L2 b S TH LN T~ AT MV E AT

VT 45T oYy 77 at RACOWTIERICHEN -, BERAFL 7o+ 2 SWNT
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X, RBGEAL D REIF RS> CTT v ¥y 7 I TV D A[RRENIEFICEm Y, T~
AR MVHTEITE T2, LV ERPIDNSWDSWNT BED KEWSWNT L RS 7oy
ENioZ EEFEH LT,

%5 5 % ClX 4-methoxyphenol, # X8 trans-stilbene % 72 DWNT 7 > ¥y I & b
GNR OIERUCE) LTzs ZOFREENHAHHAR Y ~—PmPV O 7 = =L = L UHEN
TV TNZHGTHY, Flo, 7 ) —NVKERT VY FIZENTH D Z EB o,
F7o. ZORFILESE 72 GNR & KB DA ERC & 2 AlREME A RET 2 H DO TH
B, Ty TOMELE LTUTOL I RbonE2 55, BEH ORI X > T DWNT
L LoD C-CHEANUIIN., TV HIIVRENFEE L, Z A p-methoxyphenol ED/kFE E
721 trans-stilbene ® " Hf5 A L AREE L AR L, RATHRT ¥y Ll D, Thaiy
L, CNT R385 0 B, GNRIZR D EWVWH LD TH D, 7 UV VBEAITH S AIPH
IZED DWNT ©O7 > 2y FICHE) LTc, ZOfERITT v UEM SH7z GNR Offifi e /R
DHRETH DL L 2R THEDTH D,

%6 W TIL, LRRORRICERETHONMma £ & DT,

INHOFRERNE GNR EZDOHHS T L OEAERIZ= LY hr=2J 2L LTHET
bDHZEWRENT, INLORBRITHRD ST T 2 _R—=2ADT L7 bR =7 ADRE

ICETHHDTH D,
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Confirmation (the “Rightsholder”). “Republication”, as used herein, generally means the inclusion of a Work, in whole or in
part, in a new work or works, also as described on the Order Confirmation. “User”, as used herein, means the person or
entity making such republication.

2. The terms set forth in the relevant Order Confirmation, and any terms set by the Rightsholder with respect to a
particular Work, govern the terms of use of Works in connection with the Service. By using the Service, the person
transacting for a republication license on behalf of the User represents and warrants that he/she/it (a) has been duly
authorized by the User to accept, and hereby does accept, all such terms and conditions on behalf of User, and (b) shall
inform User of all such terms and conditions. In the event such person is a “freelancer” or other third party independent of
User and CCC, such party shall be deemed jointly a “User” for purposes of these terms and conditions. In any event, User
shall be deemed to have accepted and agreed to all such terms and conditions if User republishes the Work in any fashion.

3. Scope of License; Limitations and Obligations.

3.1 All Works and all rights therein, including copyright rights, remain the sole and exclusive property of the Rightsholder.
The license created by the exchange of an Order Confirmation (and/or any invoice) and payment by User
of the full amount set forth on that document includes only those rights expressly set forth in the Order Confirmation and in
these terms and conditions, and conveys no other rights in the Work(s) to User. All rights not
expressly granted are hereby reserved.

3.2 General Payment Terms: You may pay by credit card or through an account with us payable at the end of the month.

If you and we agree that you may establish a standing account with CCC, then the following terms apply: Remit Payment
to: Copyright Clearance Center, 29118 Network Place, Chicago, IL 60673-1291. Payments Due: Invoices are payable upon
their delivery to you (orupon our noticeto you thatthey are availableto you for downloading). After 30 days,
outstanding amounts will be subject to a service charge of 1-1/2% per month or, if less, the maximum rate allowed by
applicable law. Unless otherwise specifically set forth in the Order Confirmation or in a separate written agreement signed
by CCC, invoices are due and payable on “net 30” terms. While User may exercise the rights licensed immediately upon
issuance of the Order Confirmation, the license is automatically revoked and is null and void, as if it had never been

issued, if complete payment for the license is not received on a timely basis either from User directly or through a

payment agent, such as a credit card company.

3.3 Unless otherwise provided in the Order Confirmation, any grant of rights to User (i) is “one-time” (including the
editions and product family specified in the license), (ii) is non-exclusive and non-transferable and (iii) is subject to any
and all limitations and restrictions (such as, but not limited to, limitations on duration of use or circulation) included in the
Order Confirmation or invoice and/or in these terms and conditions. Upon completion of the licensed use, User shall either
secure a new permission for further use of the Work(s) or immediately cease any new use of the Work(s) and shall render
inaccessible (such as by deleting or by removing or severing links or other locators) any further copies of the Work
(except for copies printed on paper in accordance with this license and still in User's stock at the end of such period).

3.4 In the event that the material for which a republication license is sought includes third party materials (such as
photographs, illustrations, graphs, inserts and similar materials) which are identified in such material as having been used
by permission, User is responsible for identifying, and seeking separate licenses (under this Service or otherwise) for, any
of such third party materials; without a separate license, such third party materials may not be used.

3.5 Use of proper copyright notice for a Work is required as a condition of any license granted under the Service. Unless
otherwise provided in the Order Confirmation, a proper copyright notice will read substantially as follows: “Republished
with permission of [Rightsholder’s name], from [Work's title, author, volume, edition number and year of copyright];
permission conveyed through Copyright Clearance Center, Inc. ” Such notice must be provided in a reasonably legible font
size and must be placed either immediately adjacent to the Work as used (for example, as part of a by -line or footnote

but not as a separate electronic link) or in the place where substantially all other credits or notices for the new work
containing the republished Work are located. Failure to include the required notice results in loss to the Rightshold er and
CCC, and the User shall be liable to pay liquidated damages for each such failure equal to twice the use fee specified in

the Order Confirmation, in addition to the use fee itself and any other fees and charges specified.

3.6 User may only make alterations to the Work if and as expressly set forth in the Order Confirmation. No Work may be
used in any way that is defamatory, violates the rights of third parties (including such third parties' rights of copyright,
privacy, publicity, or other tangible or intangible property), or is otherwise illegal, sexually explicit or obscene. In
addition, User may not conjoin a Work with any other material that may result in damage to the reputation of the
Rightsholder. User agrees to inform CCC if it becomes aware of any infringement of any rights in a Work and to cooperate
with any reasonable request of CCC or the Rightsholder in connection therewith.

4. Indemnity. User hereby indemnifies and agrees to defend the Rightsholder and CCC, and their respective employees
and directors, against all claims, liability, damages, costs and expenses, including legal fees and expenses, arising out of
any use of a Work beyond the scope of the rights granted herein, or any use of a Work which has been altered in any
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unauthorized way by User, including claims of defamation or infringement of rights of copyright, publicity, privacy or
other tangible or intangible property.

5. Limitation of Liability. UNDER NO CIRCUMSTANCES WILL CCCORTHE RIGHTSHOLDER BE LIABLE FORANY DIRECT,
INDIRECT, CONSEQUENTIAL OR INCIDENTAL DAMAGES (INCLUDING WITHOUT LIMITATION DAMAGES FOR LOSS OF
BUSINESSPROFITSORINFORMATION, ORFORBUSINESS INTERRUPTION) ARISINGOUT OF THEUSEORINABILITYTO
USE A WORK, EVEN IF ONE OF THEM HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. In any event, the
total liability of the Rightsholder and CCC (including their respective employees and directors) shall not exceed the
total amount actually paid by User for this license. User assumes full liability for the actions and omissions of its
principals, employees, agents, affiliates, successors and assigns.

6. Limited Warranties. THE WORK(S) AND RIGHT(S) ARE PROVIDED “AS IS”. CCC HAS THE RIGHT TO GRANT TO USER

THE RIGHTS GRANTED IN THE ORDER CONFIRMATION DOCUMENT. CCC AND THE RIGHTSHOLDER DISCLAIM ALL OTHER
WARRANTIES RELATING TO THE WORK(S) AND RIGHT(S), EITHER EXPRESS OR IMPLIED, INCLUDING WITHOUT
LIMITATION IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. ADDITIONAL
RIGHTS MAY BE REQUIRED TO USE ILLUSTRATIONS, GRAPHS, PHOTOGRAPHS, ABSTRACTS, INSERTS OR OTHER
PORTIONS OF THE WORK (AS OPPOSED TO THE ENTIRE WORK) IN A MANNER CONTEMPLATED BY USER; USER
UNDERSTANDS AND AGREES THAT NEITHER CCC NOR THE RIGHTSHOLDER MAY HAVE SUCH ADDITIONAL RIGHTS TO
GRANT.

7. Effect of Breach. Any failure by User to pay any amount when due, or any use by User of a Work beyond the scope of
the license set forth in the Order Confirmation and/or these terms and conditions, shall be a material breach of the

license created by the Order Confirmation and these terms and conditions. Any breach not cured within 30 days of written
notice thereof shall result in immediate termination of such license without further notice. Any unauthorized (but
licensable) use of a Work that is terminated immediately upon notice thereof may be liquidated by payment of the
Rightsholder's ordinary license price therefor; any unauthorized (and unlicensable) use that is not terminated immediately
for any reason (including, for example, because materials containing the Work cannot reasonably be recalled) will be
subject to all remedies available at law or in equity, but in no event to a payment of less than three times the
Rightsholder's ordinary license price for the most closely analogous licensable use plus Rightsholder's and/or CCC's costs
and expenses incurred in collecting such payment.

8. Miscellaneous.

8.1 User acknowledges that CCC may, from time to time, make changes or additions to the Service or to these terms and
conditions, and CCC reserves the right to send notice to the User by electronic mail or otherwise for the purposes of
notifying User of such changes or additions; provided that any such changes or additions shall not apply to permissions
already secured and paid for.

8.2 Use of User-related information collected through the Service is governed by CCC’s privacy policy, available online
here: http://www.copyright.com/content/cc3/en/tools/footer/privacypolicy.html.

8.3 The licensing transaction described in the Order Confirmation is personal to User. Therefore, User may not assign or
transfer to any other person (whether a natural person or an organization of any kind) the license created by the Order
Confirmation and these terms and conditions or any rights granted hereunder; provided, however, that User may assign
such license in its entirety on written notice to CCC in the event of a transfer of all or substantially all of User’s rights in
the new material which includes the Work(s) licensed under this Service.

8.4 No amendment or waiver of any terms is binding unless set forth in writing and signed by the parties. The
Rightsholder and CCC hereby object to any terms contained in any writing prepared by the User or its principals,
employees, agents or affiliates and purporting to govern or otherwise relate to the licensing transaction described in the
Order Confirmation, which terms are in any way inconsistent with any terms set forth in the Order Confirmation and/or in
these terms and conditions or CCC's standard operating procedures, whether such writing is prepared prior to,
simultaneously with or subsequent to the Order Confirmation, and whether such writing appears on a copy of the Order
Confirmation orin aseparate instrument.

8.5 The licensing transaction described in the Order Confirmation document shall be governed by and construed under the
law of the State of New York, USA, without regard to the principles thereof of conflicts of law. Any case, controversy, suit,
action, or proceeding arising out of, in connection with, or related to such licensing transaction shall be brought, at CCC's
sole discretion, in any federal or state court located in the County of New York, State of New York, USA, or in any federal
or state court whose geographical jurisdiction covers the location of the Rightsholder set forth in the Order Confirmation.
The parties expressly submit to the personal jurisdiction and venue of each such federal or state court.If you have any
comments or questions about the Service or Copyright Clearance Center, please contact us at 978-750-8400 or send an
e-mail to info@copyright.com.

vil
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