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Objectives
“Develop a dedicated software (qc2) to facilitate the interoperability 

between traditional computational chemistry codes and quantum architecture.”



Quantum Chemistry in
various contexts and scales



Molecules and quantum mechanics

Schrödinger Equation

Can only be solved exactly for 
one-electron systems, e.g. H 

atom!



Approximate solutions to the SE

Variational Principle

|𝜓⟩≈ 𝛼|φ0⟩ + 𝛽|φ1⟩ + 𝛾|φ2⟩ + 𝛿|φ3⟩ +…. 𝜓 𝐻 𝜓  ≥ 𝐸𝑒𝑥𝑎𝑐𝑡

U-1 
φ0 𝐻 φ0 ⋯ φ0 𝐻 φn

⋮ ⋱ ⋮
φn 𝐻 φ0 ⋯ φn 𝐻 φn

 U = 
𝐸0 ⋯ 0
⋮ ⋱ ⋮
0 ⋯ 𝐸𝑛

FCI ~ 𝒪(2nelec/orbitals)



Quantum computation & chemistry



Variational Quantum Eigensolver
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Classical optimizer
𝜽i+1 ← 𝜽i



VQE/qc2 data needs
• Reference state |𝜓0⟩
• Variational form U(𝜽) 
• Initial parameters 𝜽
• Qubit Hamiltonian 𝐻
• Classical optimizer

Hartree-Fock wave function

One- & two-electron integrals 
+ MO coefficients

|𝜓⟩≈ 𝛼|φ0⟩ + 𝛽|φ1⟩ + 𝛾|φ2⟩ + 𝛿|φ3⟩ +….

traditional quantum chemistry codes



qc2 core design principles

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

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

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

Ø User-Friendly Design: Has an intuitive interface, enabling users to focus on their 
research and applications with minimal technical details.



qc2: reusability and interoperability

…



Ex. 1: VQE 
calculation 
on water



Ex. 2: oo-VQE 
calculation 
on water



Energy convergence of ground-state 
water



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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