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Precise morphological control of metal nanocrystals is a major issue in the fabrication of
nanoscale materials because morphology is one of the key features to tune their physicochemical
characteristics such as catalytic activity and optical properties. Several researchers have focused
on this control in the field of nanomaterials and have established fabrication methods for various
shape-controlled metal nanocrystals. Among these metal nanocrystals, one-dimensional (1D)

ultrathin metal nanowires with diameter below
the critical value for quantization (~a few

nanometers) are widely regarded as an

emerging 1D nanomaterial and have attracted

significant attention due to their unique optical, H";’:‘)‘l’f;‘;z"“s A
electrical and mechanical properties. In this

account paper, we demonstrate a water-soluble

long-chain amidoamine derivative (C18AA) can

CI8AA
C18H37
N

be served for preparing ultrathin Au nanowires H""‘g }"‘gm

in \_Nater and Pd nanowires in toluene. Further, Controlling soft-template
rational templates of C18AA molecular morphology
assemblies give rise to shape-controlled noble

metal nanowires, such as Pd nanoring and

chiral-controlled double helical Au nanowires. ©
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1. [ZUSHIC

BB T /RO REC N F R E DY)
FAL AR E I IB IS R EUIRTFET D720,
TERE AN I C& 2 IEOBHIT T /4
BB OEE/RNN Y I ATHD, ZNETICT
JIMEMFZEE O B R ELWIERICE > Tyl
W, TR~ —kHDVNTIT L —MRARE D E
&8 T /G e OVERE D M ST S L TE [,
S SN - GIRA a3t DN - RN O P SEN 0N 7 ) 40
PR 2RO AL nm ORI E 48 ) U1
Y —MEFHR LRI MEFE L T2 O
TV, B nm (3R Cl3a@ s oF ki1
ST B LR E RN R ELS IR D 7T A —
PARITARY L, F/UA T —ORPES EA KK
nm PLFEZNLLETIIRELERD, Hil2IE,
W4T /U A% — (AuNWs) D77 R E
I3 20 pm &S FEFITEIAL . AT AR AE
OZFIXET, ZO R & m ki
PIEN LTI L X 7 L7013 WA B B M o AL
BEMERIS L CUD[2-4], F72 AuNWs (A
(A THEOS LT 2R TeARAR AR A T AL, 25 T 1Y
BT~ DA R TN —AEL TIEHTE
5151,

BB /AT — D ERNEIT Y 757 1 —
ICRBENDWHEN 2T 7 o —F L2727
Ta—F LIRS NDHZ LTI ELI TS
N, EBIZHE ORI FIEITIE R R &0
EHEROT TV —RRETTITOEND, TR
FCIE, B4R ATBRAZ R E ORG S i oW A&
REAFFOPRER OIFK P CTRITL TH /U AY
— &G T 5, ZORKE IR CIIRER O FF
B2 A BELASMT Y | PRFEAI R L 431
FIAAERS EE R ERZ R 2En8 %0, 2
DZEiE, AuNWs DFRHIDE M TihHA LA
VT E R EFNZ O T2 SE THRIBS LT
VW5[6-8],

WA TIET /IA Y — BT A LA LTI
REDHRERNCERLNTEY, /U —
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R A ST 52 XN EE ThD, LinLT 7
L —NETIT T /VAY — 2 EDBERERIZIA
D THESELT2D, ZOEREDIRELT
VU — R REIICT A TENIT T VAT
—TRIZ BRI ATREE 72D,

AR Tl W R ET 7 L — RIS L DA
BB /VAY—B IOV TOF A DA
FeBlZFA I T 519-22], Fx DS HWTZLRFEH
I, R AT U GRIN 72  E RE A R
ESHT7IRTIU#E(K (C18AA  Figure 1)Th
%o FT= CIBAA IFBIKILI MK FRE S
NI —I B CEDLTIREAFL TWAHT2D,
1R TTH DI T D FHEARE TR T 5
[16,18,22], L7=23->T, CI8AA 13 & & B ~D
e R 7e A RE S Ay T ELSIRE L& A ol 2 7=
PRIEREL THREEL . IR R CERER T /U A
Y —NEKTELILE/RITT 5, £7- C18AA
MMV 70 8 DO BEIERIH TRk o 14
BIRERRL, &84BT /I —DT 71
— LU THERET D L0 CI8AA Dy THEAIR
DIRICE S TEE BT /U AV —D kS
DI CEAZLIZHOWTHIEFT 411, 19-
211,

CnHZ n+1
N
9 e
H:2N NH»

Figure 1. Molecular structure of long-chain
amidoamine derivatives. C18AA (n=18),
C16AA (n=16), C14AA (n=14) and C12AA
(n=12).
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2. BEHOEERET/V1VY—ER
2.1 C18AA KBHEHTOBHEET/IM1Yv—&
R
CI8AA KIFIKF CHE L&A R TS ED L,
SO D) MBI E LIZHORH DU
2 WO T R~ —IRD 47 /4 i (Figure
2a, b) BT D[13], 24U CI8AA 3&D
(111 LD (100) <1 10)Fi i W &+ 52 &
&L BRI AE LT CI8AA DNVKERA b
U — KR IR E TR T 2281
&% (Figure 2¢), 7235, &7 /b bl KIZ 31
LTWABIEND CI8AA WAERL 2 4y T-HEiE
THD, BRLISD LT I fE S a Ak S8 57
DITIE, C18AA D4y FHIFHAAEMZT50D | 4
F /%G dm ETO 25 TR AL E T AL &
WeE 2 7-, 2T CISAA DBEi/KEE[E+EDFH
HAERZABIER ORI LI > T &
TaT ks O RERI 23R A 7= [22], Z D
B M DO REIGIZ L > T T ks D
RBIXTHEV AL, AR L&D WEIE T
ILIELE 1.7 nm FREORAHD AuNWs 23 ERKL
7= (Figure 2d) , 5457 f#RE TEM {4 (Figure 2e)¥5
F ORI O SR b5, AuNWs (342
OAIDHE A EIRAIZEEL TNDHIERZED
ik = i fE 2% oriented attachment growth
mechanism THHIENHLN IR oT-, EHIT
AuUNWs OEXE 1 27 Ll N Tho7=03,
FrELBEBMREOUMTHEII/a UL EED
ZEb ol

ZZ T, CI8AA /KR THROILZ AuNWs
DR M E B L ORI LA LTI
DAREIRBER TERRLT AuNWs HIZIZRITT
HoT=DY, AuNWs DR RUARE ST R & 7
272[6-8], T2 H | BT/ L T2 AuNWs
DN RIAEEITA L AN T I R TlEA~FH
TFVESITHLDITHTL T, CI8AA FZ Tl
VATE A TH-oT-, ZHITIRERZN LI
AuNWs IO AAERD 25720 ThDHh,
CI8AA MR Z TR L9 WD e
L7z bons, 7ok, ATESIS TEM Ay
2 P TR a2 Y O E TN LT
cryoTEM @ in situ BEZHIEGRL TD,
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Figure 2. TEM images of two-dimensional (a) a
dendritic Au nanoplate and (b)Au nanosheets.
(c) Schematic illustration of the proposed
structure of C18AA adsorbed on Au nanosheets.
(d) TEM and (e) HR-TEM images of AuUNWs.

22 HEEEHRTOPdF/71v—E K

RIT C18AA D AR AR CORBE T /T4
Y —DOH B EFEIT T 5, CIBAA DL
FAIZ KoPACL 27 N4V F VT o E=y 70
IN(TOAB) TBL7-1%., NaBH, T Pd /4%
&It 95, Figure 3a, b IZ7R 915788 RO
Pd F VA — (PANWs) B &E57-[17], F7=
T ki F- 72 ERIAE R TIEE A EBIES L)
o, FERDFIET, = nveDEat /U4
¥ — (Pd-NiNWs) R 147 /7 A — (PtNWs)
LEDINERL S B2 LR TED, CI8AA DL
T UV HIZIEAE B RO KFET ¥ R DT R
SN TWZEND, ZOF ¥ RV ->TH/
TAY =D ELE PRI, WT o
HIRT /T4 —b L hEmEE CEAR 3.5 nm
TholeZleinb AR TEHERBREO
CI8AA W &GN /T AY —kEDJEN /)T
1T7anEE 2T,

% b O SRL L ORI RE A28 fE 55
FTAZENENHILTWA(Figure 3c, d), FEEE, =
ra 7= ) — DK FALfRIEEE S Pd & PA-Ni &
G THRARIZEZA, T /A — RO LV
I kiR &0 1.5~4 fZE<, PA-NINWs @
ZAE Pd F R F-80 10 5Ll EmiEETHD
ZEBRBBLMN IR ST,
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Figure 3. (a, b) TEM images of PANWs and
(c) HR-TEM image of PANWs and schematic
of the boundary structure of polycrystlline
PdNWs.

3. FVIL—hE
3.1 C18AA MLIVY VR TOEHE AuNWs & Y
CI8AA IV 70 E DA REIRIE P ClET
RED TR FEREAEBLOT L% V1R L
DB AAETNC Lo TIATHEE D4y T4
A 1K (Figure 4a) 22K, (KIECTZ L, ®IRT
LT DRSS T AT I AR E L THEIK
[11], 3 TEEARF R IZITE A~ ORI 72K
EREEFRFOT I/ EPHAIMICALSIL TWHAHT
LB, AuNWs DT 7L —he L THERE T 52
L IFF S5 (Figure 4b),

CI8AA DIV 7 WAZYAL R A VAR SH
T 55 CIZIMR L= . MEEMEDER ITTAIZ N 2
T8 WFfiE#E 95L&, Figure 2d L[FRIERDFIH
B um O AuNWs NS, F-m 0 iR
HE TEM 42>5 AuNWs 134 D(111) i ASE N Y
I ELTERY, £20(111)~D CI8AA DWW
REMMENWZ LI —E LTz, 22T, Mooz
LT AuNWs Z7KAE &= E 5 & AuNWs
I REAHERFL - E KM BS54
T&ET—, KA LT AuNWs ZF 4528
(28D =2 —u RO e T /i IR (Figure
5) U THELT- AuNWs (Figure 6¢) Z1E
WFHZEHLTED, 2B, BN 2 nm LA TFO
AuNWs 137 TR IR S99 < 8B 7 BB 42
HZ TR L <09-< (Figure 6a, b). MMt CMMiL
P HEFEMED IR, YRR AuNWs 13N
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Figure 4. (a) Lamellar structure of C18AA in
toluene gel and (b) schematic of the proposed
growth mechanism of AUNWs.

Figure 5. TEM images of neuron-shaped Au
nanocrystals.

Stmm_

Figure 6. TEM images of (a, b) AuNWs and (c,
d) silica-coated AuNWSs after irradiation of TEM
electron beam for (a, c) 0, (b) 1 min and (d) 10
min.
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3.2 C18AA SERWAICLIBHE T/ DM1Y—B R

CI8AA ML= LHTH AuNWs &kl
55°CIZHNRL TIT o720y, 27 7L —h
PIAMZIV AT TS CI8AA HEEE R
BB ERIZL WD THD, DFD, AuNWs
P ERCTA7-9121%., Figure 4b (TR T XOITIA
WA A~D R EZ MG T A ER DD, LTZh3->
T, ML TOD CI8AA DR EAME G
FEREI TIX AuNWs AR CE o7z, 22
T, M i ToF o FL—RNER (7 k) &
WIRE D LA T 288 niE, |IRTH
AuNWs MNERRTEDHEE 2 TIRFBHE D B2
% CIBAA FHEUATHRIFEILTZ[14], T DR,
C12AA X° C14AA Z HWAHEEIE T AuNWs 73
BRTEAZEN DD 7= (Table 1), IHIZ,
CI18AA THEINIZ AuNWs I X H ML T
BT HZEEIRARTN RFEHE D 25558
KR TH RBRDOEH D3 5510, AuNWs DT
B AR A2 81 E 12 k> T 2.13(C12AA), 2.29
(C14AA), 2.49 (C16AA) B X ' 2.65 nm
(CI8AA) A 7 Ab— LD K5 JE CTHIHTX 5
ZELHBMNELT,

Table 1. Summary of AuNWs products as a
function of temperature. The contents of
AuNWs is (O) high, (A) low, and (X) none.

25°C 40°C 55°C 70°C 85°C

ciza4 QO @) A X X

Ccl444 A O O A X

C1644 % A O A X

C1844 % A @) (@) X
33FIVVIDER

CNFETEICERIRT /UL =20 Tk
RCXD, FIIAY—DRDOTF YLy
IRRRREIT T /U A Y — 0D 28 R 7K Y I T
HD, Pl zIE, EAR OGO Z AR LTI HR
T /DAY — DOFMREETE N L TEADIK
TG AR T D HIERHY, BEIC Ry 7L A
RLLSHIRD AuNWs ARG SN TUB[23-
25], LU G, Al bZE B0 3R TuhE
BRI ST2 0T TlEe, BAROEYTHS,
Thbb, BEAIRT UL —DREERICE
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STHELD 3 WG T DI IEITERE
BRI STV, O RERMEEIT, FEICh
RARTZHYER 2 nm L FOF /UAY—3%
EMEMELS R mEM NN EE R 2L, —F, B
25 3 nm LA TIEERmEAROMTEILIE 323,
FHMEME T T2 THD, T2 THA I
JOAY—0 3 WoetEdEoOT 7 n—F Ll
THTHEAEEROT T —MER G S B
L7z,

FP. b M VS ERAZ RIE LT,
BE O AR T /) 7133 2 DD J7 i TR
ENTE, —DIIAALE =DV I FTT7 %
TR T T 708 DYt )T Jny—
28D ETHH26,27], TORBITLEADE
B BB DT ) T PERLICEHZETHDN,
FEARBNTIT 2R TT DO AE L THEREMEDMER,
9 —DIL 2K TE R I AP R -7
T 7LV —NMIRIH T 5 ELH L3, R0IE0
MR LR, SBICH FEELIZT /U
T OFEEIL 10 nm LLETHY . $ nm OFEFET
DF IV T VERBITIZEA E T2,

CI18AA D@ FHEA R TIXEMRIR T /T
A —NERTE=DT, FiE, BRH DT
MEERD CI8AA Zr TAEGARZ SR ZHI I
HThT IV T DR E LT, 2T,
CI8AA [I/KIEIE F CTHEIRI B VERD 73 T4 H
LTS D2 LD, AHREAIC B E O
M7 LI L> THARR DS FEA ROk E
AT, TORER, FTEIRED CI8AA /KK
vl KoPdCl 2R A EAE R LRD
T35 K (Figure Ta) 2352 &% RHHL
72[20], Figure 7a TIiIX 7 AT e TYLAL
TNDT2D, I FEHEEIRD RN SEUK S
TR BIRFEHHTHY, 2O E MG 1%
3.5 nm Toh-olz, ZORIENML= TR
T DR FHEAGIRDIES 3.7 nm SITFE—E
L7=Zemn, ARV D4 FHEE5IR1TTER
LA CThHDZ LN b7,

AR IR FHRE R TPAAF &R
SELHE, TR FEGER BT R
[ZEENDHZEZE AT KENDK 3.5 nm DG
fa7s Pd U7 3 E R LU 7= (Figure 7b, c), 7
IV T A RGBFETO CI8AA DIRFEZ KIZH
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WTIERERTH DD, o A 1R JE H1H
Wa d IXUSHTO 3.5 nm 7o, Vo7 ki1l
ZND 4.8 nm, T VT ARG D 6.1 nm EHEK
THZEN DT, T V7 OFE TN
BENES T TBIENSY 7 NERIL CI8AA D4y
THEAERDIHTHHZELA LN/ ST,

assemble of C18AA. (b, ¢c) TEM images of Pd
nanorings.

34 BAREF/VI1VY—DERL

FI NI BT G RIT A OB RITA
REINDAZ=T VT WX TNV T TR E=
XD E NI EFIEVE R R BT 52 L7 805
HEH SN TW5[28,29], TV R T /i
WIXFEICT /T a0 — T RFENDIYFREY
727 ATERIEI N TV, il ziX, FlE
FEASERNG, 2RO EHZ 8T
Lo THRH AR & T & RPERE LT
5030], ZOHHA DL BE L BXITIEHRD
[R5 AIC LS THIEICTE, 7T XEANTHK
T5 MRtk (CD) v 7 b KRS E 5
ZLENTED, L Lnb, T /U 7o b
IATHIR IO, elwt /77 /my—%
B Ch AL nm OFF LT /U AY—%
TER 2D XN CTH D,

XTIV E T AEEREROR T 7 e —F
ELTIE, TV mBIEM A LA D 55T
A2 DNA %70 7L —NMIFIHT 551k
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NEZHND, ZIVETIZ DNA REDT 7L
—MZERIR D& T K% S8 ARICESIE
BT, BT hiFDOT TR NIH KT HIR
VW CD U7 FNVEFRBIESELZEITIIREIL T
W5[31-34], LML, FT VRO &8 T /1%
EROERFITIEE AL 72, ZIUTBER DS
INT T L — NI EMA BAER A E D
&R E W AESE L ERERII Mo\
N WE L= B R+ DR EZRTERE
B> TN THD, T72bbXxT
IWT T — NIRRT R T DI RE L4
J& D 57 R AR HERE D T T NI EL T D,

ZZCEBBORSTERKIENHD CI8AA
(CX TV AT UL, TV EaE T
JIAY —DMERLTE B EE 2 7=, UL, ik
REZFE OB LG H DT CIBAA @
PR AERE L, FNE AT HZEITIER I
T L DU TIRFRETH S, 2T CI18AA 1T
I3E RO R EMEEL ., BIOXT V50112
T T —MNEROX T AL RE A L 5 1%
E oy RS A5 9 2 L &L 72[19,21,35],

FINH T NMAEHKID D-12-ERax )V AT T
UL (HSA) I ZUR AR D 75 FEA IR Z TR
HZ b, Fio HSA KDV RF L H L
CI8AA KD T I/ HLIIAAVIERTHIL
M6, C18AA L HSA ZHWTHF I VRO T
T —MEREZR LT, TORER, LV TF UL
DML - T Figure 8a (T3 ko745
e NARBT VG50, SEM 14 (Figure 8b) 2>
LAEBEOLRAMRT )77 AR—=RERKL T
WAZENHBINEI T2, ZDONARB T VL
AL R TR, IR T v e ol 2
ZCHLBRIRWZ BIZKICAR R A VAT 27 v
(HSA) EAKIZRIEAZR A VAT 747 4 (C18AA) Hb>
NARBT NP CEIZZEThD, F2VTFY
DAT L EINZI2NE CI8AA & HSA D% JE K
SR AR S &G (Figure 8c) 234ERKL ., /7
TAN—IERAZNTI T T AT DTINPASH]
RTohoTe, ZHUL, Li A3 5 HSA OIVR
X VIITHEAL, HSA & CISAA D&%
fLET 2720 THLEHERL TWD, HHEAMR
T )77 AN—FE YT IN~170 nm, BENR~22

112



Acc. Mater. Surf. Res.

nm, JE#AN~12 nm THHZ L, CI8AA & HSA
DENEN 1:4 THLZEND, T /77 A47/3—
I% C18AA O 2 JEfEAY HSA @ 2 @RI ZH N
T T ST EHEZL L7 (Figure 9), 7235
CI8AA & HSA DIRE AL X THIRUAEE-
FHRR DT )77 A/ N—=DERT 5,

F 77 A R—DMRAINZIE C18AA 2SFEHL T
WAHDT, ZOEIZH>T AuNWs &R RS
NI ZBmEHBARD AuNWs BNERITX S
(Figure 9), =ZC, CI8AA & HSA O/ N\AK
JLHNZ HAUCL LR ITHIDOT Az Ve [zl
ZC— Wi ESE A, W@ o 2 Bt
AARD AuNWs 23 ARk L7z (Figure 8d), /7
FAR—=EHHE AR AUNWs OB FLENEIE
— LB, AlNWs 137 7L —k BT
R LT Z EDERR T T2, F72 AuNWs DL+
WIS EBETHY, T /77 A43—DFhE
—FH L7, 51T HSA DFFVF 1—% D A5
L RKICEZRTZEZA, T /7743 —8BLW
AuUNWs DX AT AN EBREIC R LT, T
72oH HSA OF F7VT7 4 —I2k-oT 2 EHEA
AuNWs O A FHDHIEICEHZ LB
Elpolz, SHIZHED AuNWs D CD ATk
NWERIELIZEZA, WA TREELT-CD 37
)V (Figure 10) NELNHZ EL -T2,

) \ RRLR
S il B N S

Figure 8. (a) Photographic image of a hydrogel
made of C18AA and HSA. SEM images of
products prepared D-HSA and C18AA (b) with
and (c) without LiCl. (d) TEM image of double-
helical AUNWSs.
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Figure 9. lllustrating the twisted nanofiber as
soft-template and proposed supramolecular
structure of a twisted nanofiber.

20

15
10 = D-AuNWs

= L-AuNWs

CD [mdeg.]
[—}

300 400 500 600 700 800
Wavelength [nm]
Figure 10. CD spectra of dispersion of right-
(blue) and left-handed (red) double-helical
AuNWs.

3. &

WD &8 T VAT — A ROFEZ LD
DILADONWTEED T, 1FFEO mBEE LA
MCIEoDD, EOFHIEEZEZHTET Thix
2T I —PERCTEALIENBIRZ TE
ROIENTHD, 5%, B LFHIECLS T
I UAY — DM LIRS HIE, Frlcx 1
HEEHIE 72 & OFPEIZHEA TOETZ,
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