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Study on Underpotential Deposition of Manganese by Density
Functional Calculation and Cyclic Voltammetry

Zhang, Shengtao™ Yang, Lintai ~ Wei, Zidong
(College of Chemistry and Chemical Engineering, Chongqing University, Chongqing 400044)

Li, Wenpo

Abstract Underpotential deposition (UPD) of manganese on gold and lead was studied by density func-
tional calculation and cyclic voltammetry. The theoretical calculation is on the hypothesis of formation of a
condensed two-dimensional (2D) phase of the UPD metal on the substrate metal (S). Underpotential shifts
A¢Eappe for manganese UPD on gold and lead were calculated by using DMol’ that is based on the density
functional theory. The results show that Mn/Au is a UPD system but Mn/Pb is not a UPD system. By con-
traries, cyclic voltammograms (CV) show that no phenomenon of manganese UPD occurs on gold since
evaluation of hydrogen easily occurs on gold, while manganese UPD occurs on lead from ammo-
nium-chloride solution. This difference between theoretical calculation and CV experiments is likely to be
due to solvent effects and/or anion adsorption which were not included in the model of the theoretical calcu-
lation.
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Figure 1 Nernst cell between a condensed UPD metal layer
(2DMe) on a substrate S and the bulk metal (3DMe)
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Figure 2 (a) A top view of a slab of substrate metal surface
including hollow side, bridge site, top site, and (b) a side view of
ideal slab of the surface
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Table 1 Total energy of the slab of substrate metal Au with Mn
adatom

The different sites of Mn adatom Total energy/a.u.
—2825.7999691
Long-bridge —2825.7911593
Short-bridge —2825.7571032

Top —2825.7416347
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Table 2 Underpotential shifts (V) for single crystal surfaces of
Mn/Au-slab and Mn/Pb-slab

S(hkd) AoV
Au(111) 0.03
Au(100) 0.10
Au(110) 0.24
Pb(111) —0.53
Pb(100) —0.42
Pb(110) —0.29
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Figure 3 Voltammograms of Au electrode in different solu-
tions: 4 molsL ™' NH,CI solution with 0.4 molsL™' MnCl, (solid
line) and without MnCl, (dash line)

Potential scan rate: 10 mVes '
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Figure 4 (a) Cyclic voltammograms of Pb electrode in different
solutions: 0.5 mol*L™! MnSO,+1 mol-L ! (NH,),SO, solution
(solid line) and 1 moleL ™' (NH,),SO; (dash line); (b) is a enlarged

picture

Potential scan rate: 50 mVes .
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Figure 5 A EDS polt of the deposition onto Pb electrode at E=
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Figure 6 Voltammograms of Pb electrode in different solu-
tions: (a) 0.1 moleL™' NH,CI solution (dash line) and (b) 0.02
mol*L™! MnCl,+0.1 mol-L ™" NH,CI (solid line)

Potential scan rate: 50 mVes '
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