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ÅMetal lithium anodes are excellent alternatives for Li-ion batteries 

Ånonuniform plating, swelling of anode causes growth of Li-dendrites 

Åatomistic multiscale quantum and classical MD simulations

Åa full nanobattery to determine properties of the SEI

Åspeciation of interfaces with Li-metal anodes 

ÅElectrolytes: sulfides, halogenated phosphor-sulfides, halogenated 

nitrates, few others

Åfull nanobatteries, thus, a cathode: sulfur and spinel structures are also 

potential alternatives 

mailto:seminario@tamu.edu


Background Information

ÅVehicles move our economy 

ÅVehicles transport 11 billion tons of freight/year

ÅVehicles move more than $35 billion of goods each day

ÅVehicles move people more than 3 trillion vehicle-miles/y

ÅEconomy grow requires transportation

ÅTransportation requires energy 

ÅTransportation accounts for

Å30% of total U.S. energy needs

Å70% of U.S. petroleum use



ÅOil price volatility affects:

ÅNational economy

ÅCommercial enterprises

ÅHousehold budgets. 

ÅU.S. household spends 20% of family expenditures on transportation 

ÅThe most expensive spending category after housing

ÅTo enable future economic growth

ÅIncrease transportation affordability



Lithium -ion batteries have made tremendous progress in the last two decades 

Created worldwide demand for electric vehicles (EVs)

Problems

Liquid organic electrolyte is highly reactive and flammable

Solution: Solid State Batteries

Solid Li-ion conducting materials in place of liquid electrolytes 

Solid electrolyte materials are nonflammable

Allow more robust cell operation

Integration of metal-based anodes

Improve: cost, energy density, cycle life

Challenges

low conductivity, 

poor voltage stability

inadequate mechanical properties





Simulations of the First Charging cycles of Nanobatteries

Learning  from trajectories of 

Li -ions



Li Capture by Graphitic C
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The lucky formation 
of a solid electrolyte 
interphase between 
the liquid electrolyte 
and the solid anode 
was of paramount 
importance for the 
success of present  
Li-ion batteries
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Benitez & Seminario, Electron Transport and Electrolyte 
Reduction in the SEI of Rechargeable LIB Si Anodes. 
J. Phys. Chem. C 2016,120(32), 17978-17988



Greenôs Function TheoryðDensity Functional Theory Approach

Hamiltonian H and overlap S

Green function

Self-energies and couplings of electrodes

Transmission function T and current I
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1Derosa & Seminario, Electron Transport through Single Molecules:  

Scattering Treatment Using Density Functional and Greenôs Function 

Theories. JPC-B 2001,105, 471

CALCULATION OF CURRENT-VOLTAGE CHARACTERISTICS1

(LiF)n and (Li2CO3)n: 

PBE&HSE06/6-311+G//B3PW91/6-31G(d)/LANL2DZ 

Au DOS 

Programs: Gaussian-09, CRYSTAL, GENIP



CURRENT-VOLTAGE CHARACTERSITICS 15
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317 (C2H4CO3)  +   21 (Li+PF6
-)   1M 

Silicon anode

Galvez, Ponce, & Seminario, "Molecular dynamics 

simulations of the first charge of a Li-ionñSi-anode 

nanobattery." J. Mol. Mod. 23 (4): 120 2017

MEAM
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