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Computational details  

All calculations were performed with the periodic density functional theory (DFT) method 

using Dmol3 module in Material Studio 5.5 software package (Accelrys Inc.: San, Diego, CA).
1
 

A Pd9 cluster model was used to represent the local structure of the Pd(111) surface which 

dominates the structure of the Pd-based electrocatalyst. The palladium metal lattice belongs to the 

face centered cubic structure. An ideal LDH layer containing 12 Co atoms and 6 Al atoms was 

built on the basis of each [AlO6] octahedron surrounded by six [CoO6] octahedra and each [CoO6] 

octahedron, in turn, surrounded by three [AlO6] octahedra, owing to the molar ratio of Co/Al=2:1, 

which ensures that Al atoms will not occupy adjacent octahedra.
2
 In this case, every octahedral 

layer has 18 metal atoms and 36 OH groups, and a supercell was constructed with lattice 

parameters 41.18a  Å, 20.9b  Å,  90 , 120  (equivalent to 6 × 3 × 1 in the a, b, c 

directions), which is in accordance with the literature.
3
 A surface model was cleaved from this 

supercell to simulate the (001) surface of the CoAl-LDH, which contains a host layer and three 
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CO3
2−

. The neighboring slabs are separated in the direction perpendicular to the surface by a 

vacuum distance of 12 Å. The generalized gradient approximation (GGA) with the 

Perdew−Burke−Ernzerhof (PBE)
4
 functional, and effective core potentials with double-numeric 

quality basis were utilized for the geometric optimization and single-point energy calculations. 

During the calculations, the convergence tolerance was set as follows: energy = 1.0× 10
−6

 Ha, 

force = 1.0 × 10
−3

 Ha/Å, displacement = 1.0 × 10
−3

 Å. 

 

Scheme S1. The supercell model for CoAl-LDH layer with 6 × 3 × 1 rhombohedral lattice (color 

codes: white, H; pink, Al; red, O; blue, Co). 

 

Fig. S1. Cross-sectional SEM image of the LDH-NWs with the corresponding EDS line scan. 
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Fig. S2. FT-IR spectrum of the LDH-NWs. 

The FT-IR spectrum (Fig. S2) provides evidence for the presence of carbonate (CO3
2–

) 

existing in the LDH gallery (band at 1352 cm
–1

); the characteristic bands of metal-oxygen in the 

brucite-like lattice are observed below 800 cm
–1

, especially the strong band at 426 cm
–1

.
5
 

Heterogeneous nucleation on a substrate can be promoted at a lower supersaturation of 

reagents over homogeneous nucleation in solution due to the absence (or at least trace amount) of 

precipitate in solution. The supersaturation of reagents can be controlled by, for example, using 

complexing agents to release metal ions gradually. In this work, with the assistance of NH4F, 

coordinated CoFx and AlFx formed in the as-prepared homogeneous solution firstly; Co
2+

 and Al
3+

 

ions were released slowly into the reaction system for the formation of CoAl nuclei on the 

substrate. 
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Fig. S3. XRD patterns of  (a) CoAl-LDH and (b) PdNPs/CoAl-LDH powdered samples. 

 

Fig. S4. XPS spectra of Pd 3d in (a) MgAl-LDH and (b) CoAl-LDH after immersing in a PdCl4
2−

 

aqueous solution for 20 min at the room temperature. 
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Fig. S5. TEM images and corresponding size distribution histogram of PdNPs on the LDH-NWs 

substrate with various deposition temperatures: (A) 0 °C, (B) 25 °C, (C) 50 °C, and (D) 80 °C. 

 

Fig. S6. Cyclic voltammograms of Pd/LDH-NWs synthesized at (a) 0 °C, (b) 25 °C, (c) 50 °C, 

(d) 80 °C for ethanol electrooxidation at 50 mV s
1

.  
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The particle size can be readily tuned by changing the temperature of PdNPs deposition. 

Increasing the reaction temperature in the range 0−80 °C results in the obvious growth of PdNPs 

(Fig. S4). However, as the reaction temperature is over 50 °C, a significant increase in the particle 

size and a decrease in the PdNPs density are observed, which is ascribed to the well-known 

Ostwald ripening occurring at high temperature. The resulting electrocatalytic activity of these 

samples is depicted in Fig. S5, from which the oxidation current shows a gradual enhancement as 

the temperature increases from 0 to 25 °C; while a decrease in peak current and a positive shift in 

potential are observed with further increasing the temperature. The results indicate that the PdNPs 

obtained at 25 °C (particle size: 1.8 nm) possess the highest activity owing to the high-density 

and high-dispersion of metal particles (shown in Fig. S4B); whereas the decreased catalytic 

activity for the sample with higher deposition temperature is associated with the weakening in 

anchoring ability of PdNPs onto the LDH surface due to the Ostwald ripening process. 

Table S1. Peak current densities of ethanol electrooxidation on the Pd/LDH-NWs for different 

potential cycles 

Current jF/mA cm
2

 jF/ jF(1st) jR/mA cm
2

 jR/ jR(1st) 

1st 2.01 / 2.19 / 

200th 2.00 99.5% 1.99 90.8% 

500th 1.93 96.0% 1.92 87.6% 

 

Table S2. Peak current densities of ethanol electrooxidation on various electrodes after 500 

potential cycles 

Current 
jF(1st)/ 

mA cm
2

 

jF(500th)/ 

mA cm
2

 

jF(500th)/ 

jF(1st) 

jR(1st)/ 

mA cm
2

 

jR(500th)/ 

mA cm
2

 

jR(500th)/ 

jR(1st) 

Pd/LDH-NWs 2.01 1.93 96.0% 2.19 1.92 87.6% 

Pd/C 0.41 0.28 68.3% 0.35 0.20 57.1% 

Pd/LDH 0.52 0.43 82.6% 0.55 0.42 76.3% 

 

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A
This journal is © The Royal Society of Chemistry 2013



 S7 

 

Fig. S7. (A) Nyquist plots of the impedance data for the Pd/LDH-NWs and Pd/LDH with 

Fe[(CN)6]
4/3

 as the redox probe. (B) Equivalent circuit model of the Pd/LDH-NWs electrode. 

 

 

Fig. S8. Nitrogen adsorption-desorption isotherms and corresponding pore size distribution 

(inset) for the Pd/LDH-NWs. 
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Fig. S9. Local density of states (LDOS) of Pd9 (Pd d state): pristine Pd9 (red) and Pd9/CoAl-LDH 

system (grey). The Fermi level (black dashed line) as the reference of zero energy. 

 

Table S3. Positron lifetime of the three samples 

Sample τ1 (ps) I1 (%) τ2 (ps) I2 (%) τ3 (ps) I3 (%) 

CoAl-LDH 208.0 26.30 331.9 71.70 2.211 2.02 

Pd/CoAl-LDH 200.0 30.50 333.7 67.90 2.324 1.60 

Pd 109.5 100.0 ― ― ― ― 

Positron annihilation technique was employed for investigating electronic environment of the 

CoAl-LDH, Pd/CoAl-LDH and pristine Pd (Table S3). The positron lifetime spectra were 

resolved into three components (τ1 , τ2 and τ3) with relative intensities (I1 , I2 , and I3). The longest 

component in excess of ~1 ns (τ3) is generally indicative of the annihilation of ortho-positronium 

(o-Ps) formed in the pores or large voids present in the material. It should be mentioned that the 

o-Ps could be annihilated faster by electrons from the surrounding medium through the pickoff 

process.
6
 For the LDH materials, τ3 mainly originates from the annihilation of the sub-nanometre 

free volume holes present in the interlayer spacings.
7
 Loading of PdNPs onto the LDH surface 
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leads to a rise of τ3, indicating the reduction in electron density in the LDH phase in line with the 

redox process between LDH and PdCl4
2

. Furthermore, an inhibition effect on the o-Ps formation 

was observed for the sample of Pd/CoAl-LDH, which is evidenced by the decrease of I3 from 

2.02% to 1.60%. The shortest component (τ1) is associated with para-positronium (p-Ps) 

annihilation and positron annihilation in the free state (also named as the bulk positron lifetime).
8
 

Owing to the higher average electron density, the pristine Pd possesses a smaller value of τ1 

(109.5 ps) than the CoAl-LDH (208.0 ps). After immobilization of PdNPs, τ1 slightly decreases 

from 208.0 ps (CoAl-LDH) to 200.0 ns (Pd/CoAl-LDH), and the intensity I1 increases from 

26.3% to 30.5%, suggesting the prior trapping and annihilation of positrons near the PdNPs with 

enhanced electron density.  
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