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Fabrication of Pd Ni and Pd Ag alloy nanowire arrays
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Abstract: The palladium alloy nanowire arrays were electrodeposited on the surface of highly oriented pyrolytic
graphite by successive three pulses of potential or current (oxidation, nucleation and growth). The effects of the
deposition processes on the alloy compositions, sizes and morphologies of Pd alloy nanowire arrays were investiga-
ted. The palladium alloy nanowires synthesized in systems of Pd-Ni ammonia coordinates or Pd-Ag ammonia coordi-
nates containing high ammonium ion concentration are apt to not only codeposite the Pd-Ni or Pd-Ag alloy, but also
increase the conductibility of the plating solutions. The results show that the alloy nanowire arrays with even com-
position can be obtained by potentiostatic deposition, but those with narrow diameter distribution can be obtained by
galvanostatic deposition. The parallel and separate palladium alloy nanowire arrays with equal composition and nar-
row diameters distribution with 8% ~15% Nior 16% ~25% Ag can be obtained by nucleating at — 1.57- 1.4V for

51000 ms and growing at — 0.57= 0.25V or — 60 ™= 20 HA/cm’.
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Table 1 Synthesis conditions of Pd alloy nanowires

Triple voltage pulses(Sample A) Triple current pulses(Sample B)
Alloy Jox/ J et/ Jgrow/
Box Buuc Borow row et/ o vou/
/V tox/ s 1V toud/s wow! V. tgrowl/'s (il » i) tox/ s (A * ) t 1S(mA‘cm‘2) tgrow/ s
P& Ni 1.0 5 0.85 0.30 -0.43 1800 3 5 - 15 0.30 -0.25 1 800
PdAg 0.8 5 -1.50 0.05 -0.25 1200 4 5 -4 0.05 - 20.00 1200

1um 8181 Z9£JUL /85

1 I E A AR RIE FRTL A B PN B B 40K 2 SEM &
Fig.1 SEM images of PdNi nanowires synthesized by
potentiostatic (a) and galvanostatic (b) method

St 5 0 50 BN A e YR BN in

T |

B2 N E AR RE R VE A K PdAg BB 4K SEM &
Fig. 2 SEM images of Pd-Ag alloy nanowire arrays synthesized by
potentiostatic (a) and galvanostatic (b) method

WA SRR IE BRI R T BRI K . 74.3%, Ag 25.7%; Pd 74.4%, Ag 25.6% . XM
P 2( b)) BT 71 g s 1) HEL 90— Mk e ol 1 A A 0 DK 28, TR = Bk o v o 46 AR AR & S I 4L Pd
WIRGPKE I Ze 4% ENELE, Wt iay . 76.1%, Ag 23.9%; Pd 74. 6%, Ag 25.4%; Pd
WA 2 iR AR &4 gk i EDX B> 72.6%, Ag 27.4% . BEANRFES 3 N EBALE) EDX
ST RVIAK L p  RAERA =N ksl & o giR, ER R A [ AL E 15 21 EDX %
FIEAR & 4 L K: Pd 87.6%, Ni 12.4%; Pd 73R, FTEH SRS RAK L K& & a4,
87.6%, Ni12.4%; Pd 87.2%, Ni 12.8% . {51 TEHIES G S90KE R B 78, 3
W= kb 7 ) A AR AR A A AL B Pd W AR A g K R R AT o i R A 4k
86.6%, Ni 13. 4%; Pd 85%, Ni 15%; Pd 4%, TESHIHRIR S AR LR i 2 4 T IESE .
83.8%, Ni16.2% . RHIE HL3A = ki il 2% [ 4L
WRAESMA RN Pd 74.3%, Ag 25. 7%; Pd 2.2 BESHKREEHELEHRIEHF
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Fig. 3 Cyclic voltammograms of PdNi
plating solution (a) and Pd-Ag
solution (b) at HOPG electrode
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Table 2 Effect of nucleation potential on dot

density of PdNi alloy on step edges

Nucleation density at

Sample  %wa/V  twals step edges/ - !
A - 0.8 0.5 3
B - 11 0.5 4
¥ - 1.4 0.5 5
D - 16 0.5 8
E -2.0 0.5 9
F -26 0.5 1
JSA% 25 BBIEAE B BT I 0 ey 8 P F) A% < s A

MRS ER A K B A A K B R T BT ek X
oo RN K 2 . A FE A D) A B PRI,
FR IR K A5t 5 AR B AR K TE), 4 il i A=
KoMK MBS LR/ ARIGIKRE . oL md
HTRP & b AR EURIAR 2t & R K 2 I TESH .
B 1 RV A SRR TR AN [F) ROk H
T - 40 A/ em® K 10 min 7 BITRYI R TE S
WESH 7R . X8 SEM 8 5 88 G 4 A% A7 76 2R
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Fig.4 SEM images of Pd-Ni alloy nanowires arrays deposited

under various nucleation potentials

5 AEANIR] A A% F AR R A B AR K HL (- 40 BA/ em) 10 min I} PdAg & 440K 21 SEM 4
Fig. 5 SEM images of Pd-Ag nanowire arrays under various nucleation potentials
and growth at — 40 HA/ cm for 10 min
(a) — 0.6V (0.65s); (b) — 1.5V (0.258); (¢) — 2.0V (0.25)
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Fig. 6 Relationship between nucleation

density and nucleation time of Pd-Ni alloy
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g
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BT Bz A KB T SR N R, 7
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PIE IR A I 8] o 75 e LR A% N T G,
A% EIN 2, FNEAE T PR A K R .
PRASNERA SN AR S W 1E

B 7 PENifEAREMSAE- 1.9V
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Fig.7 Morphologies of Pd-Ni alloy

nanow ire arrays electrodeposited at

— 1.9V for different nucleation time

and growth at — 0.45V for 1 h
(a) —100 ms, 150 =368 nm; (b) —500 ms, 241 ~ 389 nm;
(¢) —1 000 ms, 323 ~ 506 nm
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Fig. 8 Effect of nucleation potential on
PdAg alloy dot density on
step edges of HOPG
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Table 3 Effect of nucleation, growth potentials

and time on sizes of Pd-Ni nanowire arrays

Sumol Y, tauet/ P/ taron/ dévmfgi

amp e V " V min lameters,
nm

A - 1.4 0.5 ~0.25 180 102

B - 1.4 0.5 ~0.33 50 120

C - 1.4 1.0 ~0.50 50 733

MR 3 B P E B B A C AEAETR
bz - 1.4 V N Ek%; HAERFE B ik 0.5 s
JaT-0.33V FAEK 50 min; TMRFE C 5% 1s T
- 0.5V FAK 50 min, FE C 99K BEH H 12
(295 nm) LCIRAE B EAR(120 nm) KPIf5 2, BLH
AR H A, S8 RPUR REERE . thAk, i
FEC B 1s BROSHAKKEE. ilFf A 1£
— 0.25 VE&MF ALK 3 h FifgIKR& i ¥ E AN
RAN(HA 102 nm), BWHAE- 0.25V M4 TAK
R SRS . ik, Bk A AR [E]
R AKE HAR, v LB S AR K AR

9 AFERKAEHMEET PdNi 99K L EHR
Fig. 9 Morphologies of PdNi nanowires obtained

by various growth potentials and times
(a) — 0.25V, 102 nm; (b) — 0.33V, 120 nm;
(¢) — 0.50 V, 295 nm
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HAE- 0.55V FAK 1 h ARG RS 45
FIAFILE( I 10) o 14 HA KT - 0.5V B, &4
| HOPG )& HALVER % S A RE, AR A48
i, HEEEA AR AR T A K KRR % .

BRI A S K R R R - 1.5V R
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TESWE 11 s . SEIR S R, Al B
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Fig. 10 SEM image of Pd-Ni nanoparticles
obtained by only growth pulse

without nucleation pulse
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K, 7 RSOR R RIURE & ] ) 5 328 3 5 V14 FE T i T
ITHFEIR, THFEZAM BT T FE 2 N AT % E Wik 2
Rk, WEENEET AR 6= JEDekH
W, FENRE R RGN, B R K, TR
) JE SR . A5 4 8 B RO O K ( H AL 4 %)
H KT 60 BA/ em®), X EIFEE N, AHAR SR IS AE
AR S, AL i DX B A, A AR R
() b AR AR R, kL2 1) b ARG, B
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L2 SR AR AR B S KRR BN B8

3 #ig
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8
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'.'»&f

B 11 fHERAEKELE T PhAg &9 KL ER
Fig. 11 Morphologies of Pd-Ag alloy nanowires
synthesized by galvanostatic growth
(a) — 20 HA/em’(600s), 109 nm;

(b) — 40 BA/cem®(1200s), 430 nm;

(¢) — 60 BA/cm*(600's), 400 nm

SIS TR 3E Do G n, EHlfE- 1.4~ - 1.5V 1
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