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Section S1: Coverage of Pd Nanoparticles (NPs)

Figure S1: Size distribution of Pd NPs calculated from transmission electron 

microscope (TEM) images.

Section S2: Surface Potential of Pristine and Pd-decorated CuO Nanowires (NWs)

Figure S2: PeakForce Kelvin probe force miscopy (KPFM) of pristine and Pd-

decorated CuO NWs.

Figure S3: The measured surface potential of pristine and Pd-decorated CuO NWs 

expressed as gaussian histograms.

Figure S4: Band diagrams of CuO and Pd.

Figure S5: Band diagrams of CuO and PdO.

Figure S6: Band diagrams of PdO and Pd.

Figure S7: Band diagrams of CuO, Pd and PdO.

Figure S8: Band diagrams of CuO, PdO and Pd.

Section S3: In-situ Oxidation of Pd NPs to PdO on CuO NWs

Figure S9: Fast-Fourier Transforms (FFTs) of Images in Figure 2 of main text.
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Figure S10: False color images showing the specific location of planes from Figure 3 

a) and b) of the main text. 

Figure S11: False color images showing the specific location of planes from Figure 3 

c) of the main text.

Figure S12: Bragg filtered and false colored images showing the specific location of 

planes from Figure 3 d) of the main text.

Section S4: In situ X-ray Photoelectron Spectroscopy (XPS) 

Figure S13: The evolution of Carbon 1s peaks during heating in vacuum.

Figure S14: The Band diagram of Cu2O and Pd.

Section S5: Scanning Transmission Electron Microscopy (STEM) of post vacuum 

heated Pd NPs on CuO NWs

Figure S15: STEM characterization of post vacuum heated Pd-decorated CuO NWs

Section S6: Scanning Transmission Electron Microscopy (STEM) and X-ray 

Photoelectron Spectroscopy (XPS) Characterization of Pd NPs on Si supports

Figure S16: STEM and XPS characterization of as-deposited Pd NPs.

Figure S17: STEM and XPS characterization of Pd NPs annealed in ambient conditions 

at 200°C for 30 minutes.

Section S7: Supplementary Information References



Section S1: Coverage of Pd Nanoparticles (NPs)

Figure S1. a) The size distribution of the Pd NPs deposited using magnetron assisted gas phase 
aggregation. b) An exemplary TEM image of Pd NPs on an amorphous carbon surface used to 
calculate the size and coverage achieved during deposition.

NP size was calculated using ImageJ software to determine the area of nanoparticles from 
multiple images like that seen in Figure S2 b. This was done using the same method as 
described by Porkovich et. Al.1 From the area (A), the size as diameter (d) was calculated using 
Equation S1:

                                                              (S1)
𝑑 = 2 ×

𝐴
𝜋

These sizes were the turned into the histogram in Figure S1 a and fit with a log-normal curve 
in OriginPro 2016J.

NP coverage was calculated by multiplying the average size of each NP ( ) by the number 𝑑𝑎𝑣

of nanoparticles per cm2 ( ). This allows the estimation of a coverage fraction ( ). 

𝑛𝑎𝑣
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Equation S2 outlines this calculation.

(S2)
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= 𝐶𝐹                                                           

Averaging this over multiple images, either through the calculation of each images’ coverage 
fraction and averaging it, or, through determining the number of NPs per cm2 from each image 
and averaging all the values.



Section S2: Surface Potential of Pristine and Pd-decorated CuO Nanowires (NWs)

Figure S2. KPFM analysis of pristine and Pd-decorated CuO NWs. Surface potential (a, b) and 
height (c, d) images can be seen, along with line profiles (e, f) determined from the blue lines 



in the surface potential images. Pristine CuO NWs are seen in a), c) and e), while Pd decorated 
CuO NWs are displayed in b), d) and f).

Figure S3. The surface potential profile shown in Figure S2 a) and b) expressed as a histogram. 
Pristine (a) and Pd-decorated (b) CuO NWs can be seen with a fitted gaussian distribution to 
calculate the mean value which is used to estimate the surface potential of the respective CuO 
NWs. 

Figure S4. Band diagrams of CuO and Pd aligned at the vacuum level a) before contact, and 
at the fermi level, b) after contact. EVAC, ECB, EVB and EF represent the energy of the vacuum 
level, conduction band, valance band and fermi levels, respectively, while E0 and φ, similarly, 
indicate the band gap and work function. Levels were taken from multiple literature sources 
for Pd2 and CuO.3



Figure S5. Band diagrams of CuO and PdO aligned at the vacuum level a) before contact, and 
at the fermi level, b) after contact. EVAC, ECB, EVB and EF represent the energy of the vacuum 
level, conduction band, valance band and fermi levels, respectively, while Eg and φ, similarly, 
indicate the band gap and work function. Levels were taken from multiple literature sources 
for CuO3 and PdO.4-7

Figure S6. Band diagrams of PdO and Pd aligned at the vacuum level a) before contact, and at 
the fermi level, b) after contact. EVAC, ECB, EVB and EF represent the energy of the vacuum 
level, conduction band, valance band and fermi levels, respectively, while Eg and φ, similarly, 
indicate the band gap and work function. Levels were taken from multiple literature sources 
for PdO4-7 and Pd.2



Figure S7. Band diagrams of CuO, Pd and PdO aligned at the fermi level after contact. EVAC, 
ECB, EVB and EF represent the energy of the vacuum level, conduction band, valance band and 
fermi levels, respectively. Levels were taken from multiple literature sources for CuO,3 Pd2 
and PdO.4-7



Figure S8. Band diagrams of CuO, PdO and Pd aligned at the fermi level after contact. EVAC, 
ECB, EVB and EF represent the energy of the vacuum level, conduction band, valance band and 
fermi levels, respectively. Levels were taken from multiple literature sources for CuO,3 PdO4-

7 and Pd.2



Section S3: In-situ Oxidation of Pd NPs to PdO on CuO NWs

Figure S9. The Fast-Fourier Transforms (FFTs) of the corresponding image in figure 2 of the 
main text. The FFTs correspond to a beam exposure (electron dose rate of 4300 e/Å2.s) times 
of a) 5 s, b) 110 s, c) 300 s and d) approximately 705s, along with a further 75s at a dose rate 
of 8000 e/Å2.s. In a) and b), Pd is seen on zone axis [011], while in c) and d), PdO on zone axis 
is observed along the [111] direction.



Figure S10. False color images created by Bragg filtering the frequencies from the 
corresponding FFTs related to Pd 200 (blue), Pd 311 (red) and CuO (200, 202, 002, ) 202̅
(green) from figure 3 a) and b) in the main manuscript. This corresponds to an exposure time 
of 0 and 55s for a) and b), respectively, at an electron dose rate of 11800 e/Å2.s.

Figure S11. False color images created by Bragg filtering the frequencies from the 
corresponding FFT related to PdO 011 (blue), 200 ( red being PdO in a) and Pd in b)) and CuO 
(200, 202, 002, ) (green) from figure 3 c) in the main manuscript. This corresponds to an 202̅
exposure time of 336s at an electron dose rate of 11800 e/Å2.s.



Figure S12. Bragg filtered and false colored images created from the frequencies in the 
corresponding FFT from figure 4 d) in the main manuscript. The Bragg Filtered image from 
frequencies corresponding to PdO 011 is seen in a), while the similar image in b) is from 
frequencies representing PdO . The false colored image in c) is created from frequencies ̅111
relating to PdO 011 (blue), PdO  (red) and CuO (200, 202, 002, ) (green). This image ̅111 202̅
corresponds to an exposure time of 1341s, at an electron dose rate of 11800 e/Å2.s.



Section S4: In situ X-ray Photoelectron Spectroscopy (XPS)

Figure S13. The changes in the carbon 1s XPS peak during heating in vacuum, as seen from 
samples a) as-deposited, b) annealed at 100°C and c) annealed at 200°C. The concentration of 
each carbon species is determined by the area under the curve of the deconvolution. The 
changing concentration of each species at each temperature can be seen for d) adventitious 
carbon, e) the higher energy oxide, and f) the lower energy oxide.  

Figure S14. Band diagrams of Cu2O and Pd aligned at the vacuum level a) before contact, and 
at the fermi level, b) after contact. EVAC, ECB, EVB and EF represent the energy of the vacuum 
level, conduction band, valance band and fermi levels, respectively, while E0 and φ, similarly, 
indicate the band gap and work function. Levels were taken from multiple literature sources 
for Cu2O3, 10-12 and Pd.2



Section S5: Scanning Transmission Electron Microscopy (STEM) of post vacuum 

heated Pd NPs on CuO NWs

Figure S15. a) An example of a Pd NP post vacuum heating treatment can be seen in the red 

square. This particle is clearly amorphous, as confirmed by b) the FFT of the selected area 

within the red square. The lack of any specific special frequencies indicates that there is no 

crystal ordering, hence, the Pd is amorphous.



Section S6: STEM and XPS Characterization of Pd NPs on Si supports.

Figure S16. An example of Pd NPs as deposited on SiN TEM grids can be seen in a). The NPs 
are found to have a crystalline face-centered cubic (fcc) lattice structures, like that of the bulk 
literature values of Pd, when viewed on the  zone axis. This was determined from the [112̅]
FFT of the local area of the NP as seen in b). Finally, Pd NPs as deposited on Si Substrates 
were examined using XPS, with the Pd 3d peak displayed in c). The C 1s peak is calibrated to 
248.8 eV, and the metallic (Pd(0)) and oxide (Pd(2+)) components were found at 335.6 eV8 
and 337.2 eV9 respectively, with a standard spin orbit split of 5.3 eV, as is characteristic of Pd.8 
Shirley background is represented using a dotted black line, while the sum of the deconvolution 
peaks is represented as the dotted grey line. The metallic component is fitted with an 
asymmetric line shape LF(0.8, 1.25, 500, 180), while the oxide component is a symmetrical 
GL(30) fit.8, 9  

Figure S17. An example of Pd NPs following a 200°C annealing in an ambient environment 
for 30 minutes on SiN TEM grids can be seen in a). The NPs are found to have a crystalline 
face-centered cubic (fcc) lattice structures, like that of the bulk literature values of Pd, when 
viewed on the  zone axis. This was determined from the FFT of the local area of the NPs [011]
and surrounding as seen in b) and c). Each The color of the box surrounding each NP indicates 
which FFT belongs to which. Finally, Pd NPs Si Substrates were annealed at 200°C in an 
ambient environment, and examined using XPS, with the Pd 3d peak displayed in d). The C 1s 
peak is calibrated to 248.8 eV, and the metallic (Pd(0)) and oxide (Pd(2+)) components were 
found at 335.6 eV8 and 337.2 eV9 respectively, with a standard spin orbit split of 5.3 eV, as is 
characteristic of Pd.8 Shirley background is represented using a dotted black line, while the 
sum of the deconvolution peaks is represented as the dotted grey line. The metallic component 
is fitted with an asymmetric line shape LF(0.8, 1.25, 500, 180), while the oxide component is 
a symmetrical GL(30) fit.8, 9
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