
Tuning Two-Dimensional Phase Formation Through 

Epitaxial Strain and Growth Conditions: Silica and 

Silicate on NixPd1-x(111) Alloy Substrates 

*Chao Zhou1, *Xin Liang2, Gregory S. Hutchings3, Jin-Hao Jhang3, Zachary S. Fishman3, 

Rongting Wu2,4, Adrian Gozar2,4, Udo D. Schwarz1,3, Sohrab Ismail-Beigi1,2 and §Eric I. Altman3

1Department of Mechanical Engineering and Materials Science

2Department of Applied Physics

3Department of Chemical and Environmental Engineering

Yale University, New Haven, CT 06520 USA

4Energy Sciences Institute

Yale University, West Haven, CT 06516 USA

*Contributed equally.

§Corresponding author: eric.altman@yale.edu

1

Electronic Supplementary Material (ESI) for Nanoscale.
This journal is © The Royal Society of Chemistry 2019



Supplementary Materials

Figure S1. Auger electron spectra taken during each step of preparation sequence: (a) After depositing 2 

MLE SiO on Ni0.48Pd0.52(111) in UHV; (b) after annealing at 950 K in  Torr oxygen for 5 min; (c) 4 × 10 ‒ 8

after additional annealing at 950 K in  Torr oxygen for 20 min; (d) after additional annealing at 4 × 10 ‒ 8

1000 K in  Torr oxygen for 10 min. No normalization was applied to the curves.4 × 10 ‒ 8

The influence of annealing in oxygen-deficient environments on the surface stoichiometry was 

systematically studied with AES. Figure S1 shows the Auger electron spectra taken during each step of the 

preparation sequence. No normalization was applied to the curves and all of the spectra were taken under 

the same conditions. Thus, the intensity of peaks can be used to track surface composition changes. After 

depositing 2 MLE SiO on Ni0.48Pd0.52(111) in UHV, both Si4+ and lower oxidation states were detected by 

AES. As a reference, the LVV peaks of Si2+ and Si4+ locate at 84 eV and 78 eV.1, 2 After annealing at 950 
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K in  Torr oxygen for 5 min, the Si peak was fully oxidized to Si4+ and the existence of 2D VDW 4 × 10 ‒ 8

silica and Ni silicate were detected by LEED, STM and RAIRS. The intensity of the O peak increased due 

to oxidation. Additional annealing at 950 K in  Torr oxygen for 20 min lead to the decomposition 4 × 10 ‒ 8

of 2D VDW silica and formation of Ni silicate based on the RAIRS data; however, no loss of Si could be 

detected. The increase of the O peak may due to Ni oxidation to form Ni silicate which partially covers the 

surface. The decrease of the Pd peak and increase of Ni peak after the first two annealing steps was due to 

Ni surface enrichment during the annealing in oxygen environment, which has been discussed in a previous 

paper.3 Further annealing at 1000 K in  Torr oxygen for 10 min did not change the structure of 4 × 10 ‒ 8

the 2D overlayer or the intensities of the Si, O, Pd and Ni AES peaks. 
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