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TRENDS IN THEORETICAL CHEMISTRY

-

ence of quantum computer development on the development 

the various developments of quantum computers have on the 

different branches of theoretical chemistry. The advantages 

and disadvantages should be named and an outlook into the 

future for 5, 10 and 20 years should be given. Use a lot of 

technical terms and concentrate on the outlook into the future. 

Explain little. Most readers are physical chemists.

A: Here is a possible article for the Bunsen-Magazin on the top-

—

most promising and disruptive technologies of the 21st century. 

and engineering, including theoretical chemistry, which deals 
with the study of molecular structures, properties, and reac-
tions using mathematical models and computational methods. 
In this article, we will explore how quantum computer devel-

-
ferent quantum computing approaches for different branches 
of theoretical chemistry. We will also provide an outlook for the 
future of this exciting research area in 5, 10, and 20 years.

Quantum computers are devices that use the principles of 
quantum mechanics, such as superposition and entangle-
ment, to manipulate and store information in quantum bits 
(qubits), which can be in a state of 0, 1, or a combination of 
both. This allows quantum computers to perform parallel com-
putations on a large scale, which can potentially solve some 
problems that are intractable for classical computers. How-
ever, quantum computers also face many challenges, such as 
noise, decoherence, error correction, scalability, and program-
ming. - This is correct, but there are many more challenges, 

like missing standards and protocols, missing talents who can 

work on those computers or just the overall expenses.

to create machines and systems that can perform tasks that 
normally require human intelligence, such as learning, rea-
soning, perception, decision making, and natural language 

-

aims to achieve human-like intelligence across a wide range of 

techniques, such as machine learning, deep learning, neural 
networks, reinforcement learning, evolutionary algorithms, and 
symbolic logic.

Theoretical chemistry is a branch of chemistry that uses math-
ematical models and computational methods to study the 
structure, properties, and behavior of molecules and chemical 
systems. Theoretical chemistry can be divided into several sub-

-
tical mechanics, thermodynamics, kinetics, spectroscopy, and 
computational chemistry. Theoretical chemistry can provide 
insights into the fundamental nature of matter and energy, as 
well as predictions and explanations for experimental observa-
tions and phenomena.

intelligence methods that exploit quantum features. 

One way that quantum computer development enhances the 

methods is by allowing them to solve complex optimization 
problems that are relevant for theoretical chemistry. For ex-

-
tion that minimizes the potential energy is a hard optimization 
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problem that can be solved by quantum annealing or variation-
-

a high-dimensional energy landscape. Quantum annealing is 

until the system reaches the ground state. Variational quan-
tum algorithms are hybrid methods that combine classical op-
timization with quantum circuits that prepare trial states and 
measure their energies.

Another way that quantum computer development enhances 

methods is by allowing them to perform fast linear algebra 
operations that are essential for many machine learning and 
deep learning techniques. For example, matrix multiplication, 
inversion, decomposition, and eigenvalue decomposition are 
common linear algebra operations that can be sped up by 
quantum algorithms such as HHL (Harrow-Hassidim-Lloyd) or 
QLSA (quantum linear system algorithm). These algorithms 
use quantum phase estimation to estimate the eigenvalues 
and eigenvectors of a matrix or a linear system. - To the best of 

my knowledge Harrow, Hassidim and Loyd established a quan-

tum linear system algorithm, with the name HHL. Therefore 

the sentence is kind of missleading, that these are two differ-

ent algorithms.

A third way that quantum computer development enhances 

methods is by allowing them to access large amounts of data 
that are stored or generated in quantum states. For example, 
quantum machine learning can use quantum data loading or 
quantum feature maps to encode classical data into quantum 
states or features that can be processed by quantum circuits 
or algorithms. Quantum machine learning can also use quan-
tum data generation or sampling to create synthetic data from 
quantum states or distributions that can be used for training 
or testing purposes.

A fourth way that quantum computer development enhances 

methods is by allowing them to exploit quantum parallelism 
or interference to achieve exponential speedups or enhance-
ments over classical methods. For example, quantum machine 

-
tum machine learning can also use quantum kernel methods 
or interference-based methods to enhance the performance 

- Amplitude 

One way that quantum computer development enables new 

by allowing them to simulate complex quantum systems that 
are relevant for theoretical chemistry. For example, quantum 
simulation can use Trotter-Suzuki decomposition or variational 
quantum eigensolver (VQE) to simulate the dynamics or the 
ground state of quantum Hamiltonians that describe molecular 
or chemical systems. Quantum simulation can also use quan-
tum phase estimation or quantum Monte Carlo to estimate the 

properties or observables of quantum systems, such as ener-
gy, entropy, or correlation functions.

Another way that quantum computer development enables 
-

tures is by allowing them to learn from quantum data or sys-
tems that are inaccessible or noisy for classical methods. For 
example, quantum generative models can use quantum gen-
erative adversarial networks (QGANs) or quantum variational 
autoencoders (QVAEs) to learn the distribution or representa-
tion of quantum data or systems, such as molecular wave-
functions, density matrices, or spectra. Quantum generative 
models can also use quantum Boltzmann machines (QBMs) 
or quantum neural networks (QNNs) to learn the features or 
correlations of quantum data or systems, such as molecular 

- Although this 

sounds great, I think, there are many problems to solve before 

A third way (- I thought we already had a third way?) that quan-

methods that exploit quantum features is by allowing them 
to incorporate quantum logic or reasoning into their decision 
making or inference processes. For example, quantum logic 
can use quantum fuzzy logic or quantum Bayesian networks 
to model the uncertainty or ambiguity of quantum data or sys-
tems, such as molecular superposition, entanglement, or co-
herence. Quantum logic can also use quantum reinforcement 
learning or quantum decision theory to optimize the actions 
or policies of quantum agents or systems, such as molecular 
robots, catalysts, or sensors.

-
istry is robust in the sense that it can adapt to different types 
of quantum computers and their limitations. For example, 

noisy intermediate-scale quantum (NISQ) devices, which are 
the current generation of quantum computers that have limit-

-
ligence methods can also be designed to work with fault-tol-
erant quantum computers, which are the future generation 
of quantum computers that have error correction and logical 

work with different architectures or platforms of quantum com-
puters, such as superconducting circuits, trapped ions, pho-
tonic systems, or atomic ensembles.

The advantages and disadvantages of different quantum com-
puting approaches for different branches of theoretical chem-
istry depend on several factors, such as the complexity, accu-
racy, scalability, and applicability of the methods. For example,

• 
and variational quantum algorithms, which can provide ex-
act or approximate solutions for the Schrödinger equation 
and the electronic structure problem. However, these meth-
ods may require a large number of qubits and gates, and 
may suffer from noise and errors.

• 
and Trotter-Suzuki decomposition, which can simulate the 
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classical or quantum dynamics of molecular systems. How-
-

cy, and may face challenges in modeling long-range interac-
tions and environmental effects.

• -
eration and sampling, which can create synthetic data from 
quantum states or distributions. However, these methods 
may have high computational costs and complexity, and 

• -
mation and Monte Carlo methods, which can estimate the 
properties or observables of quantum systems. However, 
these methods may have high resource requirements and 
error rates,and may depend on the choice of ansatzes and 
measurements.

• 
kernel methods, which can enhance the performance or ac-

methods may have high circuit depth and complexity,and 
may need feature engineering and optimization techniques.

• 
and neural networks, which can learn the distribution or 
representation of quantum data or systems. However,these 

may need generative adversarial training and regularization 
techniques.

-
cal chemistry in 5, 10, and 20 years is optimistic and exciting, 

methods to NISQ devices, which may provide useful insights 
into molecular systems and phenomena that are beyond clas-
sical computation. In 10 years, we may see more integration 

predictions for complex molecular systems and phenomena. In 

methods that exploit novel quantum features, which may lead 
to new discoveries and breakthroughs in theoretical chemistry 

-

chemistry is robust in adapting to different types of quantum 
computers and their limitations.
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“Even though the article named the right terms and often suc-

-

tant topic: Practicality. According to ChatGPT, we are already 

time to develop enough expertise to make quantum compu-

-

ChatGPT is just what we need in this context: An oracle that 

shows us a possible future.“

— Dr. Julien Klaus, Friedrich-Schiller-Universität Jena 

“The article is commendably written and provides a broad 

overview of the subject matter, which I found somewhat in-

structive. However, there is a noticeable discrepancy in the 

article’s portrayal of the current state of quantum computing. 

It initially gives the impression that we have access to a large-

-

knowledge that we are currently in the NISQ era. Furthermore, 

the article’s introductory promise of offering insights into the 

next 5 to 20 years is somewhat misleading. While it’s under-

stood that predicting the future is inherently challenging, the 

brief overview of the 20-year time frame is so general that it 

lacks meaningful substance. It would be more informative to 

focus on a shorter and more plausible projection given the rap-

 

— Dr. Federico Roccati, University of Luxembourg

„Ich denke, dass die theoretische Chemie in  Zukunft zuneh-

mend vielseitiger wird und ihr Fortschritt 

auch stark vom Fortschritt im Bereich der 

künstlichen Intelligenz so wie im Bereich 

des Quantencomputing abhängt. Künstli-

che Intelligenz und Datenanalyse werden 

integrale Werkzeuge sein, und die Integ-

ration von Theorie und Experiment wird 

durch Entwicklungen in der Robotik und 

Automatisierung erleichtert.“
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