Molybdenum Sulfide Nanostructures
for Functional Thin Films
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Molybdenum sulfide based structures
Morphological phase diagram
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Overview

l. Clusters and fullerenes — the 0D limit
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I. Small clusters — 0D limit: MoS,, n=1...6
Structural elements and functional groups

Mo=S
double bond A
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l. Small clusters — 0D limit: Mo,S, n=1...6
Structural elements and functional groups

n<s5: Mo-Mo bonds
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. Small clusters — 0D limit:
Structures — Mo,S_ n=1...12
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l. Small particles — 0D limit:
Stability
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l. Small particles — 0D limit:
Electronic structure & photoelectron spectra
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l. Small particles — 0D limit:
Electronic structure: DOS of Mo,;S - Jahn-Teller effect

Mo, states — 18 electrons
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l. Small particles — 0D limit:
Structure elements — electronic structure

Mo-Mo bonds  terminal S# polyanions
bridging S# S,*
facial S% S,%

increasing Sulfur content

optimum stability at Mo:S ~ 1:3
Jahn-Teller distortions
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l. Clusters & fullerenes — 0D limit:
Larger hollow structures
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l. Clusters & fullerenes — 0D limit:
Model for the stability

Effective Hamiltonian: B, = B, o5 * Ecgges + Ecomers  (€N€rgies from
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Overview

Il. Cluster-platelet transition — the 2D limit
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Il. Platelets — 2D limit:
Onset of the transition: Stability of Mo,S, n=1...12
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Il. Platelets — 2D limit:
Electronic structure of Mo,S,, n=1...12
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Il. Platelets — 2D limit:
Mo,S, n=1...12
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Il. Platelets — 2D limit:
Cluster-Platelet transition
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Il. Platelets — 2D limit:
Cluster-Platelet transition
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Il. Platelets — 2D limit:
Platelet structure and composition
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Il. Platelets — 2D limit:
Platelet properties
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Il. Platelets — 2D limit:
Platelet properties — densities of electronic states
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Il. Platelets — 2D limit

Mo-Mo bound  transition platelets
clusters region polyanions S,

increasing Sulfur content

optimum stability below Mo:S ~ 1:3
excess (active) Sulfur incorporated at edges
platelets ~ bulk compound
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Overview

lll. Cluster-wire transition — the 1D limit
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lll. Wires — 1D limit:
Chevrel clusters at low Sulfur content

1 Sulfur bridges
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lll. Wires — 1D limit:
Clusters (M,S;), S,

AE,, 0.48 eV 0.05 eV 0.04 eV
0.11 eV *

VDE 4.12 eV 3.02 eV 2.81 eV

ADE 3.78 eV 2.99 eV 2.68 eV

Jahn-Teller d(Mo-Mo): 0.264 nm outer Mo,, 0.274 inner Mo,
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lll. Wires — 1D limit:
Electronic structure - conductivity
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lll. Wires — 1D limit:
Electron doping by addition of Li to Li,MogS,
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Gemming, S., Seifert, G., Vilfan, |., phys. stat. sol. b 243 (13): 3320-3324 (20006).
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Wires — 1D limit:
Electron doping by addition of Li to Li,MogS,
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Gemming, S., Seifert, G., Vilfan, I., phys. stat. sol. b 243 (13): 3320-3324 (2006).
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lll. Wires — 1D limit:
Doping with Li to Li,MogS,

Mo-Mo bound elongated JT-distorted
wire Chevrel cluster clusters

increasing Sulfur content

optimum stability at Mo:S ~ 1:1
Mo-Mo-triangles bridged by S
metallic Mo-based core, doping by Li
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Molybdenum sulfide based structures
and their properties - Conclusions

MoS MoS, MoS;
wires/tubes bulk crystal platelets
1D 3D 2D
clusters fullerenes
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ion./el. conductors semiconductor metallic conductors
Mo-Mo & Mo-S bonds Mo-S bonds Mo-S & S-S bonds
contact agents lubricant catalysts
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Why Mo_S, ?

Versatile building blocks — structural variety

Mo-Mo bonds terminal S facial S#
bridging S polyanions S,%, S,

Different bond types — reactivity & bonding variety

multiple/single single single
Mo-Mo bonds Mo-S bonds S-s bonds

Electronic & ionic doping — conductivity variety

metallic/metalloid Li-doped metallic
Chevrel structures clusters/wires edge states
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