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Building Free-Standing Organic Nanowires and Pioneering Their Functions as Universal
Reaction Fields

5/ E#&", RO RBE Y, AE EEV, BH# FEHY LB =,
M) EY, BX OHKEY, B EFEY

Masaki NOBUOKA, Shugo SAKAGUCHI, Minori KAWATA, Tsuneaki SAKURAI, Akira IDESAKI,
Hiroshi KOSHIKAWA, Masaki SUGIMOTO, Shu SEKI

VREKF "REBI=ZHHERT VEH S IR

(BE=)

MeV F—H —O@E T 3 /VX — i Bh 1 # 2 AR EHIBE 35 2 & T, K ORBIZHh-
TEAERZEM A A b Ty I NIZRFTN OEBEEIZ = VX — B 5 S, EMHEES KOS
745, MENICAIR S —RkeT 7 idERE, SEERERCHEETS Z & T, AKX
—AF T4 ELTHOND, RIFETIE, BT/ VA Y EEERESY ) 7RESR L L
L, WP L CEOBREMETM 21T - 72, MR AERER~OR IR L v BRI E
DREERM ERHERINTZZ EnD, BERERVICT ) UL Y REET D EERST N, —
7, KiAHBOBF FfZay bo—L952 LT, TRALX—RICERBRICHEY T 2ERT /U
AYEER L, M2 T, ERDEFN TV PRFICLABERYELTMT 22T, A7 U
AXYFERY T EZN LBy B T RENMERTH D Z ERB ST,

F—U—F: BIRLF—FAENTF. E—HFFREAWVESEK. 7/ 714V, ENFEHEMN

1. By
FIRT ) U A YL, T ERICB T 28— R o2 8 L T OB e LTHER S
TWa, Kz, —RoeH Ml
RS N, T OB A (a) Sotvent KoockDown
WOl ARE N REH D L2y “Wet process™ Nanowires
w, WS, ST/ uv—0
L & HITT AN 2D
bt BB L VDo T
X ¥ U7 Ok NE & BN N
’)*jfl’l’ﬂ@iﬁijf% 64{)}(77: _Irradiation
FIOMBLOT SRR RS [raton]
?ﬁ /ﬁ;ﬁﬁ‘f ha o “Dry process”
Fx OWFZE T —TTIX, &
31*»#*%%*&?%%% A (b)

f: ﬁ%‘{é 1%— *;I' 0) %ﬂ& %lﬂ jJD I ¥£ t L/ 450 MeV 29X fullerene film M./e‘ RIOCESS fullerene nanowire
T % . *ﬁ % %% %’é *H E /E[\ 5 - o-dichlorobenzene
( Single-particle  Triggered ®e substrate -

Linear Polymerization: STLiP)

ERER LT, 5~ xx Fig 1. Schematic illustration of organic nanowire fabrication method via
— PR - A A K e | B &4 irradiation of high-energy charged particles: STLiP protocol. (a) The
+2 L, A4 ORI - 7= conventional nanowire fabrication uses two types of development methods (wet-
SUHY RT I NTO I and dry-process). These development methods form separate nanowire
RISk FETE 5= L %2 F assemblies, corresponding to lying nanowires and vertically oriented nanowires,
UC. A &A% 10 nm LA F 00 45 K respectively. (b) Ultralong nanowire arrays were prepared by in-plane irradiation

’ to substrates. The AFM images show perfect alignment of nanowires.

(#%=L H29. 5 &)



REES 2022A—C03

FARS_ BERAR (F)
DT R—=AFT ) UAYERKTE D, ZOFET /) UA Y IR F 72 3BV % i3 = & CHf
T, ZOHEETa A (BB I THOLND T/ T A YOSNIEEENKE < B2 % (Fig. 1(a))
U, WEBG CIERFEBRICH L TH UL VYREZRNo “Rtlid@ % & 50, FHEZBTITSH
JUOAYRAN LT-RERMT ) VA YREOND, %E T —RTEIIENHEE I NS DI L
T, AT IXROREENICL D 7 X ACREEBESNLTLE Y, £ T, A4 E— 2% #EHIER
WK LTI T2 2 & C, AFEORREICETIIEFICENT ) UL Y E R FENIC
oSl &85 Z LIk L7z (Fig. 1(b)), AWFIETIL, Bm L7z 2 FEO T 2 VA4 ¥ T LA Bl E =+
NENFEEA, KERIE LT, AT 94 YHOEXSEMEFHER L OF O EME OFE 21T

27,

2. EilEAE

TEAFE 7B L OKEREZ -0 /ER

Bz oW CENBHIEICRT (Fig.2), (@) " (b)
EE A OBHRENEL, Si EKE 2-
propanol IZ XV @E I EHE L. MRS T
R WV . R I Au (50nm) B &
OB 5y ($% 100nm) ZJIEIC H 22
KAETHZETERLE, B/ 4B o4
— A, ETRFREIR ST RS - = i substrate
&I HFZEfr oY« 71 b 2
X oA E 7z 450 MeV 129X & i
Lz, EEZE (~104Pa) TA A bE—
L7 T — L Ceo HMEIZRE L CHEELIC
MEHE L=, AFHENBEIZ <100~ x102ecm2O®MmEICHIF L, —F, FHA=LT7HasT=
> (TiOPc) & Ceo DFEENIEAZZEEIC L VIERIL, FRICA A VB LIZb 0 b HE L, 22T,
WINOTER G /) U A E LU THEEET, 7/ UL YHEGEENEFEFIZHEDIAENZINETH
HZEITEESINTZY, TEHEME Au, E¥HEME AgX—A M LT, L&, FHOATERE
RN B 2 FIINT 5 2 S B AU E EHE 217 - 72, AEREEHT, P LEE % 4 @ 200 nm
PR b eift & P R—7"Si (NBY) JEM I Coo A2 TERR L, B0 & REEA A2 B — A5 TR
W25 B AR E 24T o 7=, o-dichlorobezene (ODCB) TIREEG 425 Z & T, RBHEEI ORE
BIOF )V UAYOEEEZIToT2. 74 NI VT T T7 4 —=12L>T, T/ UAVYOEKEIZ Au/Cr
EBARETAZ LT, MHOERNENT VA% (FET) E1F2FERL, S5EEERNE LT
ST, MAT, KE (~50K) £ CTORBKFERFELRE Lz, —7F, AEEREICFEBEOK
PRI ERL L, BRI R~ A 7 vt (TRMC) HIET 2 2 & CIEHEMIEIC X 5 BESE LM
& w7,

Au electrode

Si/SiO, substrate VG —

Fig. 2. Schematic illustration of the organic nanowire devices. (a)
The vertical device of irradiated organic films. (b) The lateral device
as the back-gated FET configuration.
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Fig. 3. Electrical conductivity profiles of irradiated Ceo films at the various fluence (vertical device). /-
characteristic of (a) non-irradiated films and irradiated one at the fluence of 1x10"" cm™, and (b) irradiated films at

the fluence of 1x10'° cm™2- 1x10"? cm™2. (¢) The plots of differential conductance at 1 V versus every fluence.
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Fig. 5. Electrical conductivity profiles of Ceo nanowire array (lateral device). (a) /-J characteristic of Cg nanowire
arrays at the various fluence. The electrode width /" was 200 um. (b) I-V characteristic of Cgp nanowire arrays with the
various . The nanowires were fabricated at the fluence of 1x10'° cm™. (c, d) I-V curves with various gating
voltages from 0 to 50 V and from 0 to —50 V. (¢) Measured transfer curve with Vpgs fixed to 1 V. The fluence
and W were 1x10'cm and 200 um, respectively in (c, d).
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Fig. 6. Transient conductivity of Ceo nanowires excited at 355 nm, 10 mJ
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em2, The nanowires were fabricated by irradiation at the fluence of 1x10!!
cm2, Top figures illustrate the configuration of the nanowires and
microwave where the nanowires are (a) parallel and (b) perpendicular
to the microwave oscillation.
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Fig. 7. Temperature-dependent electrical properties of Cso nanowires. (a)
Resistance of Cg nanowires plotted against temperature (50-300 K). The
nanowires were fabricated by irradiation at the fluence of 1x10'' cm2. The
electrode width W was 200 pum. (b) Ips-Vps curves at the different

temperatures from 50 to 300 K in steps of 10 K.
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