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Batteries

e Batteries are a critical piece of modern technology
e Typically rely on chemical processes



Chemistry

e (Quantum properties
o  Electron orbitals
o Ground state
e Implications for batteries

o Energy density
o  Charging/discharging speed



Classical Chemical Modeling

o Goal

o Solving the Schrodinger equation, calculate ground state and associated energy

e Methods

o  Density functional theory (DFT)
©  Quantum Monte Carlo
o Tensor network



Classical Chemical Modeling

e Density functional theory

o Looks at one-body density rather than the many-body wave function
m  Only needs three spatial coordinates

o Is able to handle reasonably large systems

o Has been used successfully in lithium-ion battery development
m  Equilibrium cell voltages
m  Voltage curves
m Jonic mobility
m  Stability (thermal and electrochemical)

o Depends on certain approximation and assumptions



Classical Chemical Modeling

e Problems

o DFT
m Depends on approximations and assumptions
m Requires knowledge of computational methods, limits, and electrochemistry
m  Reaching limits of certain aspects of battery research

o  Other algorithms
m  Quantum Monte Carlo and tensor network methods are refinable, BUT
m Massive computing costs



Quantum Chemical Modeling

e Goal: to solve for the ground state eigenvalue £ and the ground state (the
eigenvector) of a Hamiltonian /, as shown here:

e Method:

o Variational quantum eigensolvers (VQEs)



Quantum Chemical Modeling

e Variational Quantum Eigensolver
o0 Quantum optimization
o The algorithm:
Quantum computer prepares trial states based on parameters

m Expectation value of the energy estimated
m Expectation passed to a classical optimizer, which generates improved parameters
m Repeat



Quantum Chemical Modeling: IBM (201/)
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Quantum Chemical Modeling: IBM (201/)

e The full circuit is described as shown. Here, @ represents the Euler angles.
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Quantum Chemical Modeling: IBM (201/)

e Models describing:
o H,
o LiH
o BeH,



Quantum Classical Modeling: IBM (2020)

e IBM Q Valencia (5-qubit quantum computer)

e Modeling:
o LiH
o H,S
o LiSH
o Li,S
e Working with Daimler



Quantum Classical Modeling: IBM (2020)

e Used quantum and classical
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FIG. 2. Fig. 2 Calculations for lithium hydride, LiH. (A) Disso-
ciation curve (ground state energy in Hartrees, as a function of in-
teratomic distance, in angstroms) from RHF, CCSD, q-UCCSD and
FCI. (B) Deviation from FCI energy, for CCSD and q-UCCSD, in
millihartrees. (C) Dipole moment (in Debye) as a function of inter-
atomic distance, in angstroms). (D) Deviation from FCI dipole mo-
ment, for CCSD and q-UCCSD, in Debye. Ha and D denote Hartree
and Debye respectively.




Quantum Classical Modeling: IBM (2020)
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FIG. 5. Simulations of lithium hydrogen sulfide, LiSH, when break-
ing the Li-S bond. (A) Dissociation curve (ground state energy in
Hartrees as a function of interatomic distance, in angstroms) from
RHF, CCSD, q-UCCSD and FCI. (B) Deviation from FCI energy,
for CCSD and g-UCCSD, in millihartrees. (C) Dipole moment (in
Debye) as a function of interatomic distance, in angstroms). (D) De-
viation from FCI dipole, CCSD and q-UCCSD, in Debye. Ha and D
denote Hartree and Debye respectively.
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FIG. 6. Simulations of lithium hydrogen sulfide, LiSH, when break-
ing the S-H bond. (A) Dissociation curve (ground state energy in
Hartrees as a function of interatomic distance, in angstroms) from
RHF, CCSD, q-UCCSD and FCI. (B) Deviation from FCI energy,
for CCSD and q-UCCSD, in millihartrees. (C) Dipole moment (in
Debye) as a function of interatomic distance, in angstroms). (D) De-
viation from FCI dipole, CCSD and q-UCCSD, in Debye. Ha and D
denote Hartree and Debye respectively.




Conclusion

e C(lassical algorithms able to model chemical properties and reactions

o Approximation or computationally expensive
e (Quantum computing has potential to improve speed and accuracy

e Applications and interest

o Samsung and Honeywell
o Daimler and IBM
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