
Quantum Chemistry Simulation toward NISQ: precision and challenges
～Expectations from the materials development site～

FUJIFILM Corporation

Yukihiro Okuno



FUJIFILM Holdings Corporation2

Self-introduction

Yukihiro Okuno (奥野幸洋）

FUJIFILM Corporation

Department：Analysis and Computational Technology Center
Senior Research Scientist 

Head Manager of the Computational Group

Primarily engaged in simulations for materials development, with a focus on first-principles 
calculations, molecular dynamics simulations, and materials informatics.
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薬剤

Bio materials Device DesignMaterials calculation

Experiment Gr

Simulations & Materials Informatics: Applied to diverse challenges including high-
performance materials, pharmaceuticals, and devices.

Simulation Gr

Introduction to my workplace 
 Analysis and Computational Technology Center

Analysis and Computational Technology Center (解析技術センター)

Analyzing materials and device  for the FUJIFILM  Group.

Addressing development through a dual axis of experimentation and computation
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Materials Simulation Examples at FUJIFLM Corporation

Utilize not only in-house cluster 
computers but also 
supercomputers such as 
Fugaku for materials 
simulations.

Analysis of Additive Chemical 
Reactions in Lithium-ion Battery 
Electrolytes

Development of Novel Solid Electrolyte
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Development of Polymeric 
Surfactants

Examples Where Computation Played a Key Role in Development

Demand for higher-accuracy and large-
scale calculations in materials simulation

Utilization of Quantum Computers



FUJIFILM Holdings Corporation 5

Computational Science in Industrial Material Development

Screening Target Materials 
from Large Molecular Libraries.

High-Accuracy Prediction of 
Materials Properties.

Use Quantum Computer 
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Chemical Accuracy in Industrial problem  
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It is necessary to evaluate the photoisomerization reaction, including the excited states, 
with an accuracy on the order of a few kcal/mol.

Activation Energy Ea for Photoisomerization Process
from Trans to CI Geometry

Excited state energy :
Industrial application may require resolving excited-
state differences of only 10nm@1000nm
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Collaborative Research with Fujitsu Corporation
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Since 2024
Collaboration with Takahashi san, Bistafa san, Koyama san in Fujitsu 
Corporation 
Use  in-house Code (@FUJIFILM Corp. library Qulacs)
Calculations is done at Fujifilm Clusters and FUJITSU Clusters machines 

Is it possible for a quantum computer to achieve calculations with 
chemical accuracy? → Yes (e.g., QPE：FTQC) 

However, is this truly achievable on quantum computers in the near 
future （NISQ : ）?

Investigating if quantum circuits with minimal hardware demands can 
achieve industrial chemical accuracy in real molecular calculations.

FF launched a feasibility study with Fujitsu to prepare for the 
upcoming NISQ era
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⚫VQE (Variational Quantum Eigensolver )

Quantum
Classic

・ Set initial circuit 
parameters 

Generate Quantum State
・ Optimize
Circuit Parameters

ȁ𝜓 ۧ𝜽 = 𝑈(𝜽)ȁ𝜓0 ۧ𝜽

・Evaluate Expectation Values
𝜓(𝜽) 𝐻 𝜓(𝜽)𝜽 = 𝜽0

𝜽 = 𝜽1

VQE Calculation

⚫ Quantum-Classic hybrid calculation

・ Selection of Quantum Circuit 

    ansatz

・ Set initial parameter values

VQE
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We aim for an accurate 
and simple circuit. 

Quantum Circuit

Quantum 
Gate

Evaluate
Physical 
Quantities
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Quantum Circuit for Chemistry Calculation

Application of Quantum Chemistry Methods to Quantum Computers (UCC Method)
A large number of quantum gates are 
required, making current implementation 
difficult.

(Even for NISQ devices, practical 
implementation remains challenging.)

•Designing quantum circuits based on chemical concepts

Quantum circuits tailored to hardware (NISQ devices)
SymmetryPreserving Ansatz
Preserve Particle Number 

HardwareEfficient Ansatz
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Result: Ground State  

Energy from 
FullCI 
(kcal/mol)

Num. of 
2-gate

RLA 5.02 520

SPR 0.24 1170

UCC-SD 0.08 12240

Adapt-UCCSD 0.06 4144

H2O molecule @ 40 layer 

・By increasing the number of layers, hardware-friendly circuits 
achieve chemical accuracy.

・Fewer gates than Adapt-UCCSD methods.
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Static Correlation and Excited State Calculation

11

Excited state calculation (based on SS-VQE)
Ground state calculation 

・Hardware-friendly quantum circuits can capture static electron correlation.
・Hardware-friendly quantum circuits can reach chemical accuracy for excited states.
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Some Issues with VQE

With hardware-friendly circuits, VQE is highly susceptible to being 
trapped in local minima (in this work, we used basin-hopping to avoid 
this, but it is difficult on real devices).

The effect of noise immediately makes achieving chemical accuracy 
difficult.

To overcome these challenges, we are continuing 
collaborative research this year.

Thank you for your attention.
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