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Abstract:  Multi-twinned silver nanoparticles and nanowires were synthesized by polyol process in the presence of
surfactant poly (vinyl pyrrolidone) (PVP) Ky, In order to study the growth mechanism, silver nanowires were synthesized
under various conditions by changing n(PVP)/n(AgNO;) and the state of agitation. A comparative study of these
nanowires was performed by means of transmission electron microscopy (TEM) and optical absorption spectra. The
results showed that there coexisted two different growth modes, and hence the competition between them. According
to one mode, the as-synthesized nanowires grew along {111} faces, by which the pentagonal pyramid-shaped tip
was enclosed, as the active facets. By another mode, the nanowires grew layer by layer along{110} face, which was
perpendicular to the wire axis [110], as the active facet. There were many stacking faults and dislocations in the nanowires
deformed plastically during the preparation of the nanowires. The fresh fracture surfaces of the nanowires were the
favorable positions where the nucleation and growth of newly formed crystals might take place.
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TR Ak A 5L F 355 (ATAB) AR AL+ 75 ot 5L Ak i i
PEFN), B R T 105 A 9OR BRI i DL TERR
PEGS R TP AN G PSR AR B 2508 B 5 BUR A8 K
LRI 7. Sun &8 N USTSHE R N R 24 g o i
(PVP)IAESL R, IFh—FFUA IR I Fp 414 F#A
BT R R, KR R IARGIKR LR . A AR K 2k
AR DALY i T A 22 it T ) VR 22 i, KR K
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H AT, X F AR R SRR 2 i A AL IR I
— BB, RIS A KR A LS
PR REE I B BELLE T 4 D3 S SR 1 4y
17 _F, MBI ] T A9OK R 1 ik 26 TR (AN Ag 19 {100}
DAL A K. — Bl TR 2R i Ag 91K 20T
{1y E AR, 85 R Z A Al (110) J7 1 07,
WAT IR Ag 9K LI 5 HLAR 3l (110) Jr 1)
TE LAY {110} 78 A= 420, 5 Aol S Ak i R Bl 3R
A T 1 AT BT (micells), X RN N 4 T8 i 1A
A K I RS 12 2 = A S R TR ST T 4
FHY (1825 b T () AR FHIRU) S350 T GROKAIURE R K 45
PR A% ) S A R,

R T DR AR AR Ag IKRZR A KL
Az A Sun 2 H 09 2 F I8 Rk 0, FEE N
PVP [ A R T ARG LR 12 B 3 i+ B 6l
FORFCWIE XA ] 1 BE 7K e n(PVP):n(AgNO,)
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5, [l B o 4 2k A v ™ AR R R I BB M AR TR
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1 KIS
1.1 #H&EFE

SR F 99.8% [ AgNOs, 99.8% 1) £, .5 Al
PVP K.

5L, FLil2.5 mL ¥ 250.09 mol - LY AgNO,
O TR, A1 2.5 mL ¥R A 0.27 mol - L7 PVP

L T BEVS W, PR P IR A, BEES EE R n(PVP):
n(AgNOy)=3:1. X5, ¥ 5 mL Z —-F#A7E 160 T F
1.5 h, B EROR K. fE, B — AR
AgNO; Fil PVP IR FIE W AE 6 min BT ST MA
CLINAA & T D, T ORI WO — EE e
FE 160 C, Jin#A 60 min. DL S256 A 0 $GED & 7E e %
A VA B TR (A 2 R R T

R T IR PVP B LS HE R gl oK 2k A
HLERRsER, FRATTA 228 T 55— 25 il A TR R WL,
K 3 mL ¥ 4y 0.085 mol -L™' 1) AgNO; £, i
1 3 mL ¥4 0.13 mol-L~ i) PVP Z " VA,
#1715 n(PVP):n(AgNOy)=1.5:1. 7 &k, M fINTE F i
WG, TEA B FEM I HE A i T 5 B
[ 8 SIZ 6. A i O BBURE 43310 DT A TR RIS VRO B 1)
6.12.15.60 min JF17.
1.2 HmHWE

T SCH IR A TRORE S E B O LA 2 B R oK
2R, SRS AE VR R 7 U T B b, AERARh
TG, 7R85 F B30 JEOL JEM-2010 (HT)F1
JEOL JEM-2010FEF(UHR) H' i1 TR S ULEE | 1k X HY
TG AR 4 A S L F A E (HRTEM) 7047, 15
I B BRI L R 358 200 kV. A Varian
Cary500 BUOGH IFEAAE 2 5 T X A S ik 1 7ot
WG, SETEE LA 350-1200 nm.

2 #R5iTe
21 RRTFRPAKRLHINEE

K 1/&n(PVP):n(AgNOy)=3: 1w 1+ F &
I KL TEM B4, & 1(d)F A 25 A PRI %o
[Fi] — AR g K 2R T Kl eSS 18° W J5 B AR, I
Bl sp ] LB e R TGS PVP AFTEM AT,
M2 RIAEWTEA A ARAOKR AR T, HLgn4 5],
FAFH PRI 3KEB. 5 1) K Sl 3 18081 5
XoF I P8 4 K 11435 DX FEL T4 559 L 40 s F T 1 (a) A
1(b). X AT S AEAE I AT FH O 7 A B ThR A2,
8 BH T S T BR 4 K 6 ELAT TR O ST 1) AR 5 44
1M HL, B 1(a) FI1(b) BT 7 B BRI AT 5 AERE AU
N F—ES 07 45 AT BT AR RE, AR S A
T T PREAE R B T 7SS R AT SHERE. T/
1(a) FH [OOL 1A [ 1121155 4 A7 565 A6 28 o i o, €1
1(b) F [1TOVRI[L LY TP A7 AT S AR A 2 i . ¢
ATTH AR T N EN i IR R TP 2 g el i i L
90K 2% B K AV A (11010 1), R T LI 1(c), J2
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Fig.1 TEM analysis of nanowires

(a) and (b) electron diffraction patterns in which the spots with upright indexes belong to one zone axis pattern, while the spots with italic indexes to

another pattern; (c) the model showing the transverse section of the penta-twinned nanowire, in which the shadow parts denote the subunits which

make contribution to the diffraction patterns; (d) TEM images of the nanowire before and after rotating 18° from its long axis.

SN HME. HATRDACTRGUORL A (100 M)
17, FATE B O B TS A LR AR A (111} 254
AT, K5 IR R A B A IR ST ) T dl AR T1.T2.T3 . T4
ATS5, HARZ A (111) 25 S a2 . 24 e T3 7 1)
W B 1) I 22 BB 7R O ) A5 B9k 2k i
HL SR 5 [ 1 U 4 - AR T1 B9 (001107 1, DA
K T3(THM[112]((112) 7 ], kBT # 1)
[001 454 S 11 2] 5 B L FAT S R B . 585
KAl i iesE 24 18°)5, A& 1) 47 AR, A G
FHOFATFFah R T5 B9[110105 0], DA K F-dh ik T2
(T3R5 e xR, FE1(b)H[110]
FCLLLTPEA il g 407 G Pl 8 o v . 3 58 B 45 B 1Y
BRYKLE A TR AR S5 20, 46, i ARG K
LRIN R AR FhEEH, BIE N T AR RS L.
P 1 () H Y — 26 Ji R AN JE Bragg S S 1AL & i
BT 55 A BE R (AN B 1 () AN TE PR ESAR 435 s Ak 1Y)
SHTE ), St i IR AT R AR Y.

XiF ] ()R KL T 515 (4 431 tho BT ik 5
FIRBSAR AL () IR PE . TR T T 9 KRR AN
[vi) B9S2 P9 JE B AS i) 5 | 7 IR 2 B AR T), T DA%
SV QIR LR Bl 7 1) 79 o G DX ) JE 8 3
2R WS G XS YE B, 22 Ly, Ly, 43R 15.65
1 49.76 nm, L/L,=0.32, 45 F ) Ls, L, 53 %4 33.41
1 51.18 nm, LyL,=0.65. Ml 1(c) iy BRI 115515 51
L/L,=c0s72°=0.31, L,/L,=c0s54°/c0s18°=0.62. S U5 {H
SIS ERF A 1A 247 SEI0 (A AP Sl MR
2] RER VR T 5L PR B 9K R A 2 1IE LB 5 iR
). XA — B UL AR S £ 1) Ag KRZ HLAT 5
URZE ThE5HY .

2.2 HREHIAERKIE
YK FIURL FNGK LR AR SR I LA R i E#

S :
2HOCH,-CH,OH—2CH,;CHO+2H,0 1)
2CH,CHO+2AgNO,—
CH,CO-COCH+2Ag+2HNO;  (2)
TEn(PVP):n(AgNO,)=3: 1IN0 £ ) S5 2514 T
BEAT T 43 B BeBURE Y TEM W28 05 08 i 1 3K
&l 2(a) . (b) . (c) FH(d) 7371 X6F 17 S B2 B ] 2Ry 6.12.15
F1 60 min ) TEM FE 7. 7E 6 min I5F, PVP Fl AgNO,
FTR AR NN 52 2 AR 2 B, R, 7%
W Agt B £ IR A3 38 I AN K RSO, ] 2
@R, BR T UK II0RE B 9K 2 838 A R =
[ 2(a) H AR GO R 2 B . —FP 2 2047 T
A RS /NT 5 nm B/NEURL, SRR T 5B, 7
Hh—FEZ AL E AR ST 20 nm A955RL, SRR+
B ETEAZ. X g —FP LA R[5 0 B 5 i 4K
T /NIRRT A 2 A% O R ST A% R
HAEFIAE I ST, il ad Ostwald Bk FER2Y B
HE/NT 5 nm B GORASURL 258 B i 2 W,
FER BN KR B E 9K LR . RN R 12 min (1)
P 2(b) AT — X FE R/ N, 31 15 min A1 2
(o) HEEFE RIfR /> —L8, F-3| 60 min B (&l 2(d)
ZEREANR] T, LI /NIRRT
P& 2(b) A 47 APl 2 B 0 K B0 F K T, T L
B HTHERE. A 15 3] 60 min, 48 KZL 1 HAE
M 36 nm HEHE] 80 nm, M A2 0.6 wm Ji 1
F129 8 pm, VRGO A K fE b E 2R E A
K. T3 AR 2(c)F 2(d)Hr 8 4 A Sk BB R ]
DU H, X PN B 29 K 2 1 Sk R IR I AR AR Ak,
P BT 7 B T S A (B 54°-5 (111} A1 {100} A 1 2 £f BR
WIHAF G IRARAE, DL OKRZ A K AR (111 ) Hi o 2%
T BRI AT AN A 20 K 28 1 A 2 DA T VR 22 i
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Fig.2 TEM images for samples taken at various times
t/min: (a) 6, (b) 12, (c) 15, (d) 60. The insets in (b—d) are the magnified images of the nanoparticles and the tips of

nanowires indicated by arrow respectively.

B FEAR, P4 R RR 4 B {110 ) 1T B R A AT Sk
FRILRAAR, W25 (100) 7 PR AR L X — AR Kt
FEFN Sun SFEUISC PR B 1) 58 4 —FG b T K T RE
e/, SRR RT3k S SHE R, AT B HAT Hk
XFFR I 22 K 28 d 0L, 3 el {110 im0 i) -+
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5 2k ST PVP XSGR ORAR AN (] 2 T 1) 35 51 I
B, BI PVP XT {100} 158 W2 BF, X { 111} 18 55 W 36, {8
PR A LM TR {100} 52 51 PVP (14558 5100 B0 5 1
BliAk, MET S R IR FAE I AR, T 28K
BEASRERE 1] KoM, () 7 55 W B PVP (%) 19 355 (4 4% T
AUV Y TRTAL, R 5 52 17 R 0 R o T Bt A K iy
KAyak.

3 A7 B WSO GG RS2 T G K ik 312k
B AR AT R A T 50 A [) ) [a] B W A e o7 1 A
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Fig.3 Optical absorption spectra for samples
obtained at various times after reaction

KITORL IR WA 1 413 nm 2182 3] 431 F1 462 nm, i
B ) A SR T2 K. 60 min 42 64 5 7% 31446 nm,
TR TGO L i A ] 55 25 1 2L PR 14380 nm /2
BN , [EBZE6F12 minf}, £E600% 1200
nm 7B, WA R R, T 15 A1 60 min B, WA B
SRT B, AELZ R X R TS B B O 8 T AR KR 3
5if, I DR fR A A 40 K 2 o 4 KA A 4 1)
ER IR A G BARTE 12 min BHEE 24
YUK B, R TR, JF B A, AR 7ER
F 600 nm P B A U SOE SR, 12 F] 15
min Y 3 min B [A] B K 357 B A W S A0 3 i,
FEIX 3 min BTG RAR AR R B e . T DAV TR A
B R T /N, VA R A A il AR R RN K 2
B RAR R

Rt TG R AR KA, AR A a8 K
Ay 12, BRI R EE JK . n(PVP):n(AgNO,)
RS, AT HXT R A K i . B/ 4 45
TSR SZE8 2 A ) — L i R R) Sk AR
B8 KZE A TEM B8 . 1 A(a) Y9 K 2R3k A,
NI4T B A ORI, D A5 21 9 T B TR Sk

@ b

& A

100 nm| 100 nm
— | w—

B4 =MAREXLFBEIKNAAKGLE TEM B
Fig.4 TEM images of nanowires with three kinds of tips
(a) two kinds of sharp tips; (b) flat tip. The inset in (a) is the magnified
image of the tip of nanowire A.
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Fig.5 TEM observations for samples obtained with different ratios of n(PVP):n(AgNO;) and agitation conditions
(a) n(PVP):n(AgNO;)=3:1, without agitation; (b) n(PVP):n(AgNO;)=3:1, with agitation; (c) n(PVP):n(AgNO;)=1.5:1, without agitation;
(d) n(PVP):n(AgNO,)=1.5:1, with agitation

B8 Y THT 5 20 K ) N T ] S 71 R 540, 5 {100 } il
{111} AT e MBS EARAT. LAEIR B AR, A
T 2 (100} A {111} TH I 1 0C 2R, LT RE M I AL 2 20
KM iR BEAE K S TR, 52 Au 44
KR AR O A #HGE. 5E 4@ A, F
4(b)ZA H AR LR ST C TR, 45 A1 1 B
7N WL AT AR AR, 3 BT AORZ A K T Tl 9
{110} AT, DRIEAS [A] B KR 2 Sk AR R S g T AN [R) A
AR ML RIS EB S R (110 ) T A 2 i AR PR AT A
K o AT AR, TPk B (110} 2R AE K
TE ).

Bl 5 ARSI 4510 T A R4 K2 TEM
B A R AR & 60 min. n(PVP):n(AgNO;)=3:1
BF, AR FE RS FE A T & B 9K TEM
BER 43 578 F B 52) FTE 5(b); n(PVP):n(AgNO,)=
L5:1 I, AR B HEFIIn SRS T S U oK &y
TEM B8 F 205178 F B 5(c) FIEL 5(d). 8 2 % A Fh s
B2 A B 20-40 FRAK LR SK IR IEAR ) TEM
R IEE 55511, 7EE 5(a—d) XN I SEI 444,
RIS ERA KL T o 0 E 43 430 76% .54% |
94%F1 69%.

KT BEIR . n(PVP):n(AgNO,) I 52, P 4A K
BRI G R TF, TIPSR T RIE L
KR 435N 76% (n(PVP):n(AgNO;)=3:1)F1 94%
(n(PVP):n(AgNO,)=1.5:1), A 1 £ 551 T R 3k &6
KL N 54% (n(PVP):n(AgNO,)=3:1)F1 69%
(n(PVP):n(AgNO,)=1.5:1), BiHH n(PVP):n(AgNO;) Lt
BINA R T {111} 18T B B TR Sk BRIE AR AN 28 1 A
KA. KL 5(@)Fl ()X E AT LU H, AR R4 HE 4%
1, BEJR I n(PVP):n(AgNO,) /N, 9K 275 5
KA, I H ORGSR ERIEAR AT H, St diige. ix
Je B T HAR PVP XTYH K 4R Sk 3R AN {111} TR 55
W B, ABATSAFAE—E RO M RE 7. SR T n(PVP):

n(AgNO,) FIE LS, PVP X 3k 34 22 AH X BE 55 . fifi
FRR LR ERI {111} 28 sy BB Xk, RISH T 9R-G 41
B AR ARTA] 1.48° g MR BT ™ A B S vE N AR X, THAS
W5 | v AR D U, DT INRR T 4R £ 1 A
K, (ERPRLE K.

KFEHEXF AR A K Z M IR ER K
ARG 45T, 2 n(PVP):n(AgNO;)=3:1 B, J&
PEFERA BiFE 551 T 13 8] () STE S AR £ 53 51
76% 1 54%, 24 n(PVP):n(AgNO,)=1.5:1 i}, Joii ¥
FUAT 148 25 40 T 15 201 R TE Sk B 90 K 26 4 0
94% 1 69%, Ut B FEAFI T { 111 i B ) A% =k
RIE IR AR i A KA. L 5(a) Fll(b), BL K (c)
() I GORER TR A X e ol LA, i+ 4=
A A R L B B, SRR &l 5(b) R AN
KER 1) KR 11, KL 1(a) . (b) AT 5 BT
T 2 AT I Sk 38 S T 2 (1 10) TG . — A R X6 T 1T O
SRR, BRI (111 R IE RN, — 1 AgtE
TR FERE R (110 i E R RE R e 22, TR
BAa . 7E(111} . {100} A {110} i 1, {110} 1y 5E
T B R, e M (IR0, R Ji i R0 9 oK 4 2
6 3T VA 1) 3 S 0 R, B R T A OK e T R AR A 1
{111} E KRR R, e W AR e M 22 19 (110)
A, AT BRI 5(b) R B SKIE AR 9K L. T
B () AR IE S, T2 f A {111} TR 2
HETE A= RN 2 B T AE K Tl 1 {110} 112 4R AR KA
Hiagrn . i, 86 D EAIR R, HEER LT
n(PVP):n(AgNO,) 1 FLAEAR, NI FEnt, 455 4
K W& 5() IR I TP K L.
2.3 WKEISBITHT

TEAR KL (7 TEM WL P, &R £ K 11 44
Kk kA TP, WK 6. 76 3CHk[20] g3 T
FAAR AR LR T, AT Z5 82 TR A K
D5 ) B AR AR 7 A Y, B R R AN KR i R N
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6 THTHKLEHR) TEM (G018 37 M 2T
Fig.6 TEM images and FFT spectra of a bent nanowire
(a) low magnification TEM image; (b) HRTEM image of region B in (a); (c) HRTEM image of region C in (a); (d) FFT spectrum of HRTEM image
(b); (e) FFT spectrum of HRTEM image (c)

KRR B 6()fRAEAIANK L TEM B 5]
DVE H, TEAUOKRL ST s i B AF7E AR B 8 ) JR 1
SR B, XA R T EREE T DR Y. B 6
(b)) 6(c) 7R I 1 73 FEE - AR 3 0 i T 1 6
()" B I C firfig iy iy 5 TE X3 1 6(d)Fh 6(e) il
JE 6(b) AL 6(c) 7 it A2 4. AAE 6(e) AT LA
F i, WA A1 {55 % 507 A B ELR AT
PIRBL, KBS 2 A 1. ZEE 6(c) IR M
15053 HE L S R AT BB Sk =R i (111)
FUCLLL) S5 T 33X J2 55 0 0 0 43 (6 A 7E 1
2 (50 VBT s A7 A 38, T OB AT . R AT 5 A
(11D K A1D)If F Y24 —E 2 Lomer-Cottrell £
5431 (Lomer-Cottrell barrier). 25U A4, 7618 6(d) T/~
ST AR e 1% R ) U 2 TR (111 7 1 9 5%
4, 254 6(b) TR R 43 B IR, SRIIEH:
FRAFEAE RS R W AR 3k s B (L1 1) T J2 5. LA
ISNERE SRR SRR [P I e N i) == g
7%, X LB fE R AR L AE T & i R v a2 A I EH
T RAEIBIEIE AR Y.

B 7 25— RGO AT S X ) TEM B

el 7(b)%F 0 T 18] 7 () e XIS 5 B L S B
1%, % AB.C.D XI5 B T BRI AT
N7 AR AT R R AT BT (TR T AR T A 5 1) 235
FE[114] [T, [T121F[111]. A A D B IRER i i) 4

(b)

B 7 TITMHKLE TEM GFEIH SRS
Fig.7 TEM images and FFT filtered images of
a bent nanowire
(a) low magnification TEM image; (b) HRTRM image of the bending
region, where the insert shows the FFT spectrum of the area C;
(c—f) FFT filtered images of the areas A, B, C, D, respectively
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(7] 14 i T R 50T AU AT T B 9 R AU AE AR
TN A A T 5%, T HAE Ay s & A4 1. &
7(b) R R CIX A (7 AR i, P i8R e 1%
(220)F1(220) 77 5 BE A5 1454 7 52 A8 7 I 75 46 v LA A 5]
BT 43 A1 1857 i3 1812 (Fourier filtered image),
WE 7(e) iR, Horr i i 25 SUR T 4520, FTRIFERY
iR IS E] A B D X I b v A i g g
(€)(d)  (F). AT Sk X 1o 1) ThT 944 )y 1) BT LA Hh, 31X
DA X gl Fry B i) B9 AN AH . A B X T Ik — AR Y
G I 1 1P B 1 Sk 3, 1 C, D WEHT A K
RGN K S BRI TE G ORERAZ 51 1 B T it A o,
A B 6 BT BB 7 Az, T FLH B 23 B G T
ANK LR T 171 A2b P TR ™ A . D PR AT B R 48 K
AR S (1) SRR LS T T U L P T 11 A, i 7 A
E A T AL v R AR, BT ) il A TR M AR T 1A )
TR A AR

3 & &

W 2 58 Tk A W 7 T A U N 2% T 2 7
PVP MW A A T 220 28 S AR 0 K JB0RL AT LR
RENTRLP G2

(1) TEM HIESUR AT HHAEREUE G B 9 oK
LR KR FLAT FLR AR S 2544

(2) 181 XF A A EE 7R b n(PVP):n(AgNOs), LA
MAEGPEFEFN TG 514 il 25 i 94 K £ 1% TEM
FDEIR ST, $2 T X Fh il & 2o B2 PO 7R
A AN {111 s S s A K, T EA 52 5%
SHEMTEE TAR A {110} 2R A K. 7E1%
JEE /R H n(PVP):n(AgNO,) FITCHE P11} 58258 5 6 1
KM AIRER, 76 = BE IR LRI Bk i 544
K B AR LR T H LSRR

(3)XF 5 A0 A K 2R A IR K B, A5 iR A i AR
HRORZR AR T KR I 2 A5 RO AS B Ag
TRTE ) TE DAL ITINT ™A (R BT ST T AR TEAZ KK
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