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Effect of Ligands on Formation and Electroactivity for
Ethanol Oxidation of Pd Nano-Catalysts
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Abstract: Multi-walled carbon nano-tube (MWCNT)-supported palladium nano-catalysts (Pd-EDTA/MWCNT, Pd-
Gly/MWCNT and Pd-Ls/MWCNT) were prepared by supporting Pd nano-particles on MWCNT. The Pd nano-
particles were obtained from reduction of Pd** with NaBH, as the reducing agent in the presence of EDTA,
Glycine(Gly), and sodium lignin sulfonate(Ls) as the ligand, separately. The catalysts were characterized by SEM,
TEM and XRD. The electrochemical activity of the catalysts towards ethanol oxidation in alkaline media was
examined by cyclic voltammetry (CV) and chronoamperometry (CA). The characterization results show that the
Pd-EDTA/MWCNT catalyst exhibits a smaller particle size and a better dispersity of Pd nanoaprticles compared
to the Pd-Gly/MWCNT and Pd-Ls/MWCNT catalysts. As for the ethanol oxidation in alkaline media, the Pd-
EDTA/MWCNT catalyst exhibits a lower onset potential, a higher current density, a smaller electron transfer

resistance, a larger reaction rate, and more stable oxidation current, in comparison with the other two catalysts.
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Fig.1 SEM images of PA/MWCNT (a), P&-EDTA/MWCNT
(b), Pd-Gly/MWCNT (c) and Pd-Ls/MWCNT (d)
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Fig2 TEM images of P{/MWCNT (a), Pd-EDTA/MWCNT (b), Pd-Gly/MWCNT (c) and Pd-Ls/MWCNT (d)
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Fig.3 XRD patterns of PI/MWCNT (a), Pd-EDTA/MWCNT
(b), Pd-Gly/MWCNT (c) and Pd-Ls/MWCNT (d)
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Fig.4 CVs of the prepared catalysts in 1.0 mol-L™
NaOH solution at 50 mV-s™
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Fig.5 CVs of the prepared catalysts in 1.0 mol-L™
NaOH+0.5 mol - L EtOH solution at 50 mV-s™

SR T B F 30 9 10— 25 B 9 T AR LA 43 i) Ry
-0.25,-0.3 f1-0.4 V i | L BEEMALFIAFA7E T B
filt B AL FL T AR UL IEL 6, KL 6 & Y TE 4 R
A7) 1, 2T A Ak PR AL R A H ) T o B L
B BTEL) 200 s Z 5 AR TR B IT IR
i R TG R D DR R B R U 2 I T H A/
VAT VR 1T ALh £ TR R T R 5 AR Y 2 s I
T3] —E B e, L 2 70 FL I 52 ) AN B I, £ B AT
T8 3] PR /75 VA 5 T AL 1 38 A AR, DT A
fiff LA DR A — A XS AR E A, AR TR AL R Y
CA FEIH LLE 3| Pd-EDTA/MWCNT H# 1L 751 X £, i
AL I H U 2 B AR I s T S A 3 AR, i L
HL L 2% R /NI 5 10 I R 2 v g e — 3, 6 A
Pd-EDTA/MWCNT i £k 7 X &, B 4801k B A7 848 1)
FoEtE, #F—2 HERE 6(a),(b)Fl(c) & B, Hi % B
BRHLAL N -0.4 V(I 6(c)), 38 31 -0.3 V(& 6(b))Fil-
0.25 V(& 6(a)), Z FE7E Pd-EDTA/MWCNT 1L 7 -
1 A Ak H i 2 B A G i, AR LA I TR A 600 s
IF AT AH I B9 FL 3 B 3 O 4,13 F 18 mA -

cm’zO



%6 MM AR HE 25 TR X 08 29 R AR Al 00 14 T2 R HG v T A Y 5 e

1149

25+
20+

—_ —
(=1 W
T T

wn
T

—=— PJ/MWCNT @
—o— Pd-EDTA/MWCNT

—a— Pd-Gly/MWCNT

—— Pd-Ls/MWCNT

1 1
0 100 200

(b)
35t —=—PdJ/MWCNT

] —a—Pd-EDTA/MWCNT

30F | —a—Pd-Gly/ MWCNT
—A—Pd-Ls/MWCNT

20

Current density (/) / (mA-cm™)

1 1 1 1
300 400 500 600
t/'s

20

—=— Pd/MWCNT ©
6l g — o Pd-EDTA/MWCNT
—a— Pd-Gly/MWCNT
—a—Pd-Ls/MWCNT

Current density (j) / (mA-cm™2)

1 1 1 1 1 1 1
0 100 200 300 400 500 600
t/'s

1 1 1 1 1 1 1L
0 100 200 300 400 500 600
t/s

K6 MEALHTE 1.0 mol- L' NaOH+0.5 mol- L™ EtOH ¥ ¢ T i 31 i it 3 11 22,
W BRHL 52 43 531 2 -0.25 V(a), =0.3 V (b), 0.4 V (c)
Fig.6 Chronoamperometric responses of the prepared catalysts in 1.0 mol-L™ NaOH+0.5 mol-L™" EtOH
solution at —0.25 V (a), 0.3 V (b) and —-0.4 V (c) respectively
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Fig.7 Electrochemical impedance spectra of the prepared
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solution at —=0.3 V
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