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Quantum chemistry might be one of the main application area for near term guantum computing. The evaluation of multi-electron integrals by
Quantum Chemistry Q

traditional quantum chemistry codes, such as pyscf, ADF, NWCHEM, are usually used to map the physical electrons of the simulated system to the
qubits of a guantum circuits. The use of dedicated quantum circuits can then significantly accelerate the calculation of the system's properties. In Quantum Computing Q@

this project we are aiming at developing dedicated software to facilitate the interoperability between classical computational chemistry codes and

guantum architecture without any programming overhead for the developers or users.

https://research-software-directory.org/projects/qgcforqgc
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Objectives

“Develop a dedicated software (qc2) to facilitate the interoperability
between traditional computational chemistry codes and quantum architecture.”
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Molecules and quantum mechanics
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Quantum computation & chemistry
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Quantum Chemistry in the Age of Quantum Computing

Yudong Cao,dr’;t Jonathan Romero,mE Jonathan P. Olson,m Matthias Degrooteﬁ’q[’§
Peter D. Johnson,T’i Maria Kieferové% L% Tan D. Kivlichan,”" Tim Menke,#"g”A Boxg'a Peropadre,i
Nicolas P. D. Sawaya,”© Sukin Sim,"* Libor Veis,®® and Alan Aspuru-Guzik* " 15O

ABSTRACT: Practical challenges in simulating quantum systems on classical
computers have been widely recognized in the quantum physics and quantum
chemistry communities over the past century. Although many approximation methods
have been introduced, the complexity of quantum mechanics remains hard to appease.
The advent of quantum computation brings new pathways to navigate this challenging
and complex landscape. By manipulating quantum states of matter and taking
advantage of their unique features such as superposition and entanglement, quantum
computers promise to efficiently deliver accurate results for many important problems
in quantum chemistry, such as the electronic structure of molecules. In the past two
decades, significant advances have been made in developing algorithms and physical hardware for quantum computing,
heralding a revolution in simulation of quantum systems. This Review provides an overview of the algorithms and results that
are relevant for quantum chemistry. The intended audience is both quantum chemists who seek to learn more about quantum
computing and quantum computing researchers who would like to explore applications in quantum chemistry.
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Variational Quantum Eigensolver
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VQ E/q Cz data needS traditional quantum chemistry codes
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qc2 core design principles

» Leveraging Existing Tools: Interoperable with existing open-source gchem tools
and adheres to standard data schemas

»> Seamless Integration with Popular Quantum Computing SDKs: Designed to work
effortlessly with Qiskit and Pennylane, ensuring a smooth experience for developers.

» Modularity: Highly modular, featuring a built-in algorithms package that simplifies
extensions and enhancements.

» User-Friendly Design: Has an intuitive interface, enabling users to focus on their
research and applications with minimal technical details.
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qc2: reusability and interoperability
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Ex. 1: VQE
calculation
on water

from .build import molecule

from gc2.data import qc2Data

from qc2.ase import PySCF

from gc2.algorithms.pennylane import VQE
from gc2.algorithms.utils import ActiveSpace

gc2data = qc2Data(
molecule=molecule("H20"),
filename="h20.hdf5"

gc2data.molecule.calc = PySCF(
method="scf.RHF",
basis="sto-3g",

)

gc2data.run()

gc2data.algorithm = VQE(
active_space=ActiveSpace(
num_active_electrons=(2, 2),
num_active_spatial_orbitals=4

)

gc2data.algorithm.run()
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Ex. 2: 00-VQE
calculation
on water

from .build import molecule

from gc2.data import qc2Data

from qc2.ase import PySCF

from qc2.algorithms.giskit import oo_VQE
from gc2.algorithms.utils import ActiveSpace

gc2data = qc2Data(
molecule=molecule("H20"),
filename="h20.hdf5"

gc2data.molecule.calc = PySCF(
method="scf.RHF",
basis="sto-3g",

)

gc2data.run()

gc2data.algorithm = oo_VQE(
active_space=ActiveSpace(
num_active_electrons=(2, 2),
num_active_spatial_orbitals=4

)s

gc2data.algorithm.run()
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Final remarks

qc2 is an ever-growing open-source project, constantly enriched by
new algorithms and features.

We warmly welcome your contributions!

https://github.com/qc2nl/qc2



https://github.com/qc2nl/qc2
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