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The need for process control, pollution monitoring, and point-
of-care diagnostics have pushed both the development of
chemical and biochemical sensors and the improvement of
classical analytical methods. The trend for sensors is towards
miniaturization, parallelization in arrays, reduction of limit of
detection, and the combination with chemometric methods in
order to tackle new areas of analytical applications. After
groundbreaking developments in optics and electroanalytics
some years ago, the novelty of transduction methods in both
biochemical and chemical sensors has worn off and the push
for their innovation is flagging. Nevertheless, new strategies
for recognition elements and an interest in being able to measure
very low concentrations in even the smallest volumes in samples
in order to monitor processes even in cells have increased the
interest in advancing to new frontiers in sensing [1].

The recent success of quantum computing has influenced the
development of an area in Industry 4.0—the development of
quantum sensing [2]. The approach most commonly used for
quantum computers is a quantum circuit based on a qubit which
differs from the classical approach of a quantum state. In contrast
to the classical approach, a qubit system is not in a defined state
— it is averaged over the two states 0 and 1, and, according to
quantum mechanics, can be a coherent superposition of both.
The measurement of a qubit will destroy this coherence. Also,
two particles which interact or share a special proximity can
demonstrate a physical phenomenon such as quantum entangle-
ment; even at a large distance, the quantum state of each particle
cannot be described independently in this situation. Possible re-
alizations of such systems are charged ions or spin qubits.
Charged ions will be sensitive to electric fields, whereas spin-
based systems will mainly respond to magnetic fields. Both,
however, show a so-called intrinsic sensitivity, i.e., they exhibit
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a marked response to desired signals, but are only minimally
affected by unwanted noise. With the spin approach, two adja-
cent carbon addends are removed from a diamond crystal, and
one of them is replaced with a nitrogen atom. An excess electron
of the nitrogen atom is placed into this defect center, and forms a
so-called nitrogen-vacancy center (NV center). This electron has
a spin, and the spin effect in the diamond can be optically initial-
ized and read out. These spins follow the theory mentioned
above with regard to certainty of state and/or quantum entangle-
ment possibility [3]. A single NV center for quantum magnetom-
etry or a single photon source can be produced. Such NV centers
can be produced on a surface or even in a volume. NV centers
allow the realization of sensors that surpass existing sensors in
being extremely small, extremely low-noise, and ultra-sensitive
sensors. Industry has recognized the possibilities of this new
sensing principle for Industry 4.0 technology.

Therefore, apart from the application of quantum sensors in
atomic clocks, superconducting quantum interference devices,
and gravitational wave detectors, new ideas for applications in
technology have been approached in recent years. The
smallest fissures in the material or any distortions can be mea-
sured with the help of the magnetic field signature; for micro-
and nano-electronic components, non-destructive examina-
tion techniques can be used. For example, it will be possible
to map the subsurface infrastructure before commencing un-
derground construction work. Besides these technical realiza-
tions, first applications in biosciences are considered, e.g., in
the pharmaceutical industry, quantum sensors will allow de-
termining the composition of capsule and tablet powders in an
easier way. All this is possible even in situations where no
good signals can be measured, and quantum effects can be
used to detect details even in signal noise. This will enable
the integration of such components in the smallest spaces on
surfaces, in joints and gaskets, and in nanoreactors. For indus-
try, the first prototypes are being merchandised. In analytics,
only a few approaches have been realized yet.

Sensors based on NV centers, e.g., on nanodiamonds, will
have a huge potential in biological applications, such as improve-
ments in magnetic resonance imaging, the diagnosis of
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cardiovascular diseases by measuring the tiniest magnetic fields
during metabolic processes of the cardiac tissues, or detection of
extremely weak magnetic fields produced in metabolisms of liv-
ing cells. Thus, NMR signals from multiple nuclear species in a
sample volume of approx. 20 nm?® can be measured, which al-
lows extending the use of NMR techniques to measurements
inside cells [4]. This can even provide new information on cel-
lular structures and processes. In first publications in journals of
analytical chemistry, the tracking of the total redox status and
oxidative stress in cells and tissues using electron-paramagnetic
resonance with small-sized coated quantum dots (QDs) is also
called a quantum sensor [5]. The coated QDs are transformed
from the paramagnetic radical form into a diamagnetic hydrox-
ylamine form and vice versa, depending on the nitroxide status.
However, the definition of QDs as quantum sensors might re-
quire further discussion as to whether these “macro” particles
follow the quantum technology with quantum entanglement.
Another recent review handles perspectives in NV-assisted bio-
sensing, discussing potential electric and magnetic field sensing.
Evidence is given for a switch from conventional electrophysio-
logical techniques to NV sensors, and for the possibility to mea-
sure neuronal signals [6]. Advantages in optically detected mag-
netic resonance techniques (ODMR) based on NV sensors will
result in interesting applications for the examination of cardiac
cells and tissues. Finally, in a sensor journal, the salinity sensi-
tivity of the proposed sensor in seawater is described as being at
least one order of magnitude lower than that of traditional optical
fiber surface plasmon resonance sensors. Single photons as an
input source are used for exciting surface plasmon polaritons [7].
Here also the applicability of the original definition of quantum
effect is questionable.

A literature search shows that analytical journals have not yet
published papers on real quantum sensing, whereas even in phys-
ics, such devices and applications have been described for several
years. A lack of theoretical insight and of instrumentation might
prevent application in analytical science. However, these new
sensors based on quantum mechanics will revolutionize the ap-
plication of sensors in many areas. Small and highly sensitive
sensors, allowing high parallelization in combination with artifi-
cial intelligence, will open new areas of analytics. The combina-
tion of microcenters with near-field effects, nanostructure, and
plasmonics can be a future goal in sensing. Submission of such
papers will follow the guidelines of a recent editorial published in
ABC [8]. The journal will observe closely the quantum sensor
development, and will be very happy to publish related papers.
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