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Abstract: As protein is both a structural component and a metabolic intermediary, amino acids play
a crucial function in the body. When it comes to proteins, only the L-configuration of chiral amino
acids is found. At the molecular level, symmetry is disrupted; however, the scientific basis for this
symmetry breaking is not yet known. Enantioanalysis of chiral compounds such as amino acids
plays a very important role in the correct diagnosis of illnesses, such as cancer. The enantiomers of
glutamine—a chiral amino acid—were investigated in biological samples using a disposable stochastic
sensor. The disposable stochastic sensor based on immobilization of maltodextrin (DE 4.0–7.0) on the
surface of a disposable sensor based on graphene decorated with Ag was designed, characterized,
and validated for screening tests of whole blood and tissue samples. The stochastic sensor was
designed using cold plasma deposition of graphene decorated with Ag on plastic material. The
sensor was enantioselective, being able to discriminate between the enantiomers of glutamine. High
sensitivities were recorded for both enantiomers, while the limits of determination were 100 fmol L−1

for L-glutamine and 1 fmol L−1 for D-glutamine. High recoveries were determined for the assay of
one enantiomer in the presence of the other, despite the ratio between the two enantiomers.

Keywords: Glutamine; enantioanalysis; disposable stochastic sensor; gastric cancer

1. Introduction

Stomach cancer is the fourth most fundamental sickness and the second leading cause
of death on the planet. Because of the way that most patients present with advanced
symptoms, it remains hard to heal effectively. Along these lines, how to identify early
gastric cells is a remarkable test for early investigation and treatment of patients with
gastric cancer development. Numerous studies on glutamine metabolism in cancer indicate
that many tumors are avid glutamine consumers in vivo and in vitro.

Furthermore, an increasing amount of evidence indicates that the regulation of glu-
tamine metabolism is influenced by various factors, such as the origin of the tumor, the
status of oncogenes/tumor suppressors, epigenetic modifications, and the microenviron-
ment of the tumor [1,2]. Notwithstanding the developing comprehension of the rationale
behind the reliance of cancer cells on glutamine for their growth and survival, the role of
glutamine metabolism in the advancement of tumors in physiological settings is still being
explored. This is partly due to the fact that the concentration of glutamine in the tumor
microenvironment is frequently observed to be low [2]. Given that targeting the acquisition
and utilization of glutamine has been suggested as a novel therapeutic approach in cancer
treatment, it is imperative to comprehend how tumor cells react and adjust to glutamine
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deprivation in order to optimize therapeutic intervention. Growing data in recent years
has confirmed that glutamine, commonly known as Gln, is an essential metabolic substrate
and a source of life for certain tumor cells. “Glutamine dependence” is exhibited by these
tumor cells, which need Gln to survive and continue growing [3,4]. In any case, researchers
have only just become aware of the complex metabolic reasoning behind the growing
cancer cells’ dependence on Gln, which goes much beyond the satisfaction of dynamic and
biosynthetic demands.

Throughout the chemotherapy regimen, encompassing the recuperative phase, a no-
table reduction in glutamine levels was observed among tumor patients in comparison
to the control cohort. Moreover, the concentrations of glutamine exhibited a nearly four-
fold reduction as compared to the prechemotherapy phase [4]. The notable reduction
in glutamine concentrations can be ascribed to multiple factors, including diminished
appetite resulting from capecitabine, insufficient ingestion or absorption of crucial amino
acids, and inadequate utilization of all amino acids. Studies have indicated that Glutamine
may have the potential to enhance digestive function, augment lymphocyte count, and
improve immune response and oxidative resistance [5]. A deficiency in glutamine has been
found to result in a decreased capacity of the immune system to withstand the impacts
of chemotherapy, heightened permeability of the intestinal mucosa, potential bacterial
translocation, and the initiation of a primary infection [6]. The exacerbation of diarrhea
subsequent to oral administration of capecitabine may be attributable to this factor.

To date, examinations have demonstrated that tumors digest high quantities of glu-
tamine as a vitality source. Cancer cells transport glutamine over the cytoplasmic film to
frame glutamate at a quicker rate than their nonharmful partners [7]. Glutaminase, which
catalyzes glutamine to glutamate, has been observed to be overexpressed in tumor cells [8].
In this way, our finding of diminished glutamine levels in serum is predictable, with the
speculation that quickly developing tumor cells use glutamine from serum as an energy
source. Glutamine is an essential amino acid able to impact tumor development [9–16]
in the way that the amino acid glutamine is essential for the survival of stomach cancer
cells [17]. Metabolomics proved to provide important information, especially in cancer
genesis, being able to identify biomarkers for the early detection of cancer.

These days, chirality is crucial in a wide variety of industries, including the medical,
pharmaceutical, and environmental sectors. Various illnesses have been linked to different
enantiomers of the same chemical, suggesting that they may have distinct roles in the
body and environment. Besides glycine (Gly), all of the other amino acids that may be
used to make proteins also exhibit chirality. Despite the symmetry of D,L-amino acids, an
enantiomeric pair, stereospecific biological processes precisely govern the stereostructures
of amino acids, and the L-isomers of amino acids are the dominant form in natural sys-
tems. Accordingly, D-isomers are relatively insignificant enantiomers that were previously
assumed to be completely functionally inert in biology.

Earlier, the group of Stefan-van Staden developed 3D stochastic sensors able to perform
enantioanalysis of glutamine, demonstrating the correlation between DNA torsion and
the emergence of D-glutamine in individuals afflicted with gastric carcinoma [18]. To
avoid cross-contamination of samples from one patient to the other, it is necessary to
develop a disposable enantioselective stochastic sensor able to perform the enantioanalysis
of glutamine in biological samples such as gastric tumor tissue and whole blood. Therefore,
this paper proposed an enantioselective disposable stochastic sensor, obtained by cold
plasma deposition of graphene decorated with Ag on a plastic material. To obtain the
stochastic signal, the material of the sensor was modified with maltodextrin having DE
between 4.00 and 7.00. The advantage of this stochastic sensor versus the methods proposed
to date for the analysis of glutamine that can be found in the literature (HPLC [19–23],
flow injection analysis with potentiometric detection [24] and electrophoresis [25,26]), are:
the stochastic sensor is able to perform enantioanalysis, no sampling is needed for the
biological samples before measurements, the time of analysis is short (maximum 6 min),
and analysis using stochastic sensors are cost-effective. Furthermore, the stochastic sensors
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can perform qualitative and quantitative analysis [27,28]. The current development in
stochastic sensors is based on the channel conductivity [27,28]: by entering the channel,
the enantiomer is blocking it, and the current drops to zero (the time needed to enter is
called toff—the signature of the enantiomer); upon accessing the channel, redox reactions
occur, whereby the duration of these reactions is referred to as ton. The duration of ton is
contingent upon the concentration of the enantiomer present within the biological sample.
Utilization of graphene as a matrix in the 2D stochastic sensors is made possible by the high
stability of the channel needed for stochastic sensors; silver particles are added to improve
the conductivity of the sensor, while the surface with maltodextrin is modified because
maltodextrin possesses the potential to supply the required channels for stochastic sensing.

2. Materials and Methods

L- and D-glutamine, and maltodextrin (DE 4.00–7.00) were purchased from Sigma
Aldrich. The glutamine solutions were prepared using phosphate buffer solution (PBS)
with a pH of 7.50. The serial dilution method was employed to prepare L- and D-glutamine
solutions ranging from 10−3 to 10−16 mol L−1.

Stochastic measurements were performed using a potentiostat/galvanostat EmStat
Pico (PalmSens, Houten, The Netherlands) connected to a cellphone. All measurements
were performed using a disposable 2D enantioselective stochastic sensor that consisted
of the working sensor, a platinum site as the counter electrode, and the Ag/AgCl site as
the reference electrode. Both graphene and silver nanocomposite layers were deposited
on the plastic substrate by the cold plasma-coated method at room temperature, in high
vacuum, from a special designed graphite anode, consisting of silver NPs (99.99%) and
graphene (Nanoplatelets 99.90%) as target. The anode design allows the simultaneous
deposition of graphene and Ag, and the plasma plume contains both material vapors and
ions. The cold plasma method and the detailed deposition procedures have been described
previously [29].

The design of the electrochemical sensor based on (a) the AgGR nanocomposite layer
and AgNPs; (b) a digital photo of the coated and uncoated plastic substrate; and (c) flexibil-
ity of the sample is shown in Figure 1. It was designed based on the commercially available
flexible plastic substrate (overhead projector transparency film suitable for use with photo-
copiers and laser printers) for the electrochemical sensor application. The flexibility of the
sample after the coating process is shown in Figure 1c and the nanocomposite layer covers
the plastic substrate.
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Figure 1. The design of the electrochemical sensor is based on: (a) the AgGR nanocomposite layer
and AgNPs, (b) a digital photo of the coated and uncoated plastic substrate, and (c) flexibility of
the sample.

The morphology of the nanocomposite layer on a plastic substrate was characterized
using a scanning electron microscope (SEM) at a magnification of 2500×. The samples were
morphologically investigated at a voltage of 5 kV by secondary electrons, a current of 5 pA,
and an applied pressure of 1 × 10−3 Pa. This voltage was used to avoid an electrostatic
charge and to highlight the Ag particles. Moreover, the samples were also investigated
elementarily with the help of an EDX detector at a voltage of 30 kV to highlight all the
elements that appear on the sample (the same pressure of 1 × 10−3 Pa). The SEM top view
image suggests the presence of AgNPs embedded in the AgGR nanocomposite layer, which
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allows us to show elemental contrasts between carbon and silver (Figure 2a). The EDAX
spectra presented in Figure 2b confirmed the existence of the proposed composition with
some other elements in the plastic substrate, such as C, O, and Cl elements. The results of
the EDAX elemental microanalysis of the nanocomposite layer are listed in Figure 2b.
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Figure 2. (a) Top-view scanning electron microscope images of deposited nanocomposite layer;
(b) EDAX spectrum and elemental composition of deposition on plastic substrate.

Layers of Ag and AgCl as well as of Pt were deposited next to that of the working
sensor to give the 2D enantioselective disposable stochastic sensor (Scheme 1). An addition
consisting of a drop of maltodextrin (DE 4.00–7.00) solution (with a concentration of
10−3 mol L−1) was cast to the active side of the working sensor, and it was left to dry for
24 h before utilization. Due to the porous structure of the electrode surface (Figure 2a), the
maltodextrin solution was well adsorbed into the surface.
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Scheme 1. 2D Enantioselective Disposable Stochastic Sensor.

2.1. Stochastic Mode

All measurements were performed at a constant 25 degrees Celsius. ton and toff were
measured using a constant potential chronoamperometric technique (174 mV vs. Ag/AgCl).
L- or D-glutamine was added to the single-use sensor at a concentration between 10−16

and 10−3 mol L−1. Calibration equations for L- and D-glutamine were found by the linear
regression method. The toff values shown in Figure 3 were used to determine the two
enantiomers.

The concentrations of L and D glutamine, which were previously unknown, were
ascertained through the utilization of calibration equations and the corresponding ton
values that were identified for each enantiomer in the diagrams.

2.2. Samples

Blood samples were collected from confirmed gastric cancer patients who were not
undergoing any treatment, as well as from healthy individuals who served as negative
controls. The samples were obtained from the County Emergency Hospital in Targu-Mures.
The aforementioned samples were obtained from individuals who were diagnosed with
gastric cancer and those who were deemed healthy volunteers. The collection of these
specimens was carried out in accordance with the protocols outlined in the Ethics committee
approval number 32647/2018, which was granted by the County Emergency Hospital in
Targu-Mures. All patients provided informed consent. No pretreatment was necessary for
the analysis of the samples. Whole blood droplets or gastric tumor tissue samples were
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applied onto the disposable sample, and the stochastic mode as previously described was
utilized to determine the concentrations of the biomarkers of unknown quantities.
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3. Results
3.1. Response Characteristics of the 2D Enantioselective Stochastic Sensors

Chronoamperometry was utilized for all measurements, with a constant potential
of 174 mV vs. Ag/AgCl. Upon application of the potential, the enantiomers migrated
towards the electrode interface and subsequently entered the channel. During the entry
process, the current intensity was observed to be zero. The duration of this entry process is
referred to as the enantiomer’s signature, denoted as toff in the accompanying diagrams.
During their presence in the channel, the enantiomers experience binding and redox
phenomena. The duration required for these processes to occur is denoted as “ton” on the
diagram, and it falls within the range of two “toff” values. For the assay of L-glutamine,
the following response characteristics were obtained when calibration was done in clean
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buffer solutions: signature of L-glutamine (toff value) 1.4 ± 0.1 s, linear concentration range
of 1 × 10−13–1 × 10−3 mol L−1, limit of quantification 1 × 10−13 mol L−1, sensitivity of
1.72 × 1010 s−1 mol−1 L, and the equation of calibration:

1
ton

= 0.28 + 1.72 × 1010C (1)

(<ton> = s; <C> = mol L−1) where r = 0.9996. When the calibration was repeated in the
whole blood from a healthy volunteer, the calibration graph was:

1
ton

= 0.30 + 1.74 × 1010C (2)

(<ton> = s; <C> = mol L−1) where r = 0.9999 and a sensitivity of 1.74 × 1010 s−1 mol−1 L.
The linear concentration range and the limit of quantification did not change when using whole
blood for calibration.

For the assay of D-glutamine, the following response characteristics were obtained
when calibration was done in clean buffer solutions: signature of D-glutamine (toff value)
0.3 ± 0.1 s, linear concentration range of 1 × 10−15–1 × 10−3 mol L−1, limit of quantification
1 × 10−15 mol L−1, sensitivity of 1.17 × 1013 s−1 mol−1 L, and the equation of calibration:

1
ton

= 0.26 + 1.17 × 1013C (3)

(<ton> = s; <C> = mol L−1) where r = 0.9998. When the calibration was repeated in the
whole blood from a healthy volunteer, the calibration graph was:

1
ton

= 0.20 + 1.20 × 1013C (4)

(<ton> = s; <C> = mol L−1) where r = 0.9999 and a sensitivity of 1.20 × 1013 s−1 mol−1 L.
The linear concentration range and the limit of quantification did not change, when using
whole blood for calibration.

Slight differences were observed between the sensitivities recorded when biological
samples were used, while no differences were recorded regarding limits of determination
and working concentration ranges.

The variances observed in the signatures’ values provided evidence of the sensor’s
enantioselectivity, the two enantiomers being able to be determined simultaneously in the
biological samples. High sensitivity values were recorded, with low limits of determination,
making possible their assay in healthy people as well as in patients with gastric cancers in
different stages.

Reproducibility studies were conducted in the following manner: ten sensors were
produced in accordance with the methodology outlined in the Sensor Design section. The
evaluation process for each sensor was standardized, and the respective sensitivities were
ascertained and juxtaposed while being submerged in solutions of L-glutamine and D-
glutamine. The recorded RSD (%) values for the sensitivities were 0.10% for the L-glutamine
assay and 0.11% for the D-glutamine assay. The recorded RSD (%) values, referring to the
sensitivities, have demonstrated the reproducibility of the design of the sensors.

The stability of individual 2D sensors, which were intended for single use, was
assessed in the following manner: a total of 10 sensors of each type were subjected to
storage conditions as outlined in the Sensors Design section. On a daily basis, a distinct
sensor was retrieved from storage and subjected to immersion in solutions containing
varying concentrations of L- and D-glutamine. The sensitivity of each measurement was
recorded and retained for comparative purposes after the entire batch of sensors had been
utilized over a period of 30 days. The findings obtained at the conclusion of the timeframe
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indicate that the electrodes exhibited a notable level of stability over time, as evidenced by
the sensitivities’ temporal variations being less than 0.50%.

3.2. The Selectivity and Enantioselectivity of the 2D Stochastic Sensors

The determination of selectivity and enantioselectivity is based on the identification
of enantiomers and analytes present in real samples. The presence of dissimilar values
in the signatures indicates that the sensor under consideration is both enantioselective
and selective. The signatures of the analytes were found to be independent of the matrix
from which they were derived. However, they were observed to be influenced by factors
such as the stereochemistry of the enantiomers, the length and volume of the molecules,
and their velocity of movement within the channel. The analytes present in a solution are
observed to enter the channel in a specific sequence, which is determined by the length and
stereochemistry of the molecules. The enantioselectivity of a 2D sensor was demonstrated
by recording distinct toff values for L- and D-glutamine, as shown in Table 1. To evaluate
selectivity, additional amino acids, namely tryptophan (Trp), proline (Pro), and arginine
(Arg), were chosen. Distinctive signatures were acquired for the aforementioned amino
acids in contrast to the signatures documented for L- and D-glutamine, thereby validating
the selectivity of the 2D sensors (refer to Table 1).

Table 1. Selectivity of the 2D disposable stochastic sensors (N = 10).

Interferent Signature, toff (s)
L-gln D-gln L-try D-try L-pro D-pro L-arg D-arg

- 0.7 ± 0.1 1.9 ± 0.1 2.2 ± 0.1 1.2 ± 0.1 2.0 ± 0.1 2.5 ± 0.1 3.1 ± 0.1 3.5 ± 0.1

The reliability of the recorded values for the signatures is contingent upon the size
and geometry of the amino acid that was tested.

4. Discussion
Enantioanalysis of Glutamine in Whole Blood and Tumor Tissue Samples

Research efforts are heavily focused on improving analytical procedures for analyzing
amino acids because of their enormous nutritional, biotechnological, and therapeutic value.
These new analyses are particularly suited to electrochemical approaches. Electrochemical
sensing techniques are intriguing alternatives to conventional clinical approaches because
they allow for the straightforward, rapid, low-cost, sensitive, and, to some degree, selective
detection of bioanalytes important to clinical diagnostic testing. Electrochemical techniques
can be employed as efficient sensing procedures due to the large range of approaches
that have been developed for signal transduction and target identification. Therefore,
electrochemical sensing systems, which rely heavily on bioaffinity identification and elec-
trochemical transduction techniques, are making the transition from the realm of laboratory
research to the point-of-care detection of biomolecules like lactate, glucose, and glutamine.

Electrochemical techniques have several advantages; however, distinguishing between
d-amino acids and their L-isomer is difficult due to the similarity of their electrochemical
signals. For electroactive amino acids, signal overlapping and/or significant overpotential
continue to be a major obstacle. However, with the help of stochastic sensing, this concern
can be overcome due to the fact that these types of sensors can identify the L- or D- isomer
of an amino acid through the unique signature of each biomarker.

Whole blood and tissue samples were collected from individuals diagnosed with
gastric cancer. Healthy individuals were recruited to provide whole blood samples. The
biological specimens were examined in their original state, utilizing the stochastic approach
outlined previously.

The precision of the screening examinations utilizing the 2D enantioselective stochastic
sensors was demonstrated via the standard addition of L- and D-glutamine to the biological
specimens. Recovery tests were conducted on samples containing L-glutamine and D-
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glutamine using the following procedure: L- and D-glutamine were first identified in the
samples, followed by the addition of predetermined quantities of L- and D-glutamine. The
quantities of L- and D-glutamine that were retrieved were juxtaposed with those that were
introduced into the entirety of the blood specimen.

The results presented in Table 2 demonstrate that the proposed 2D stochastic sensors
can accurately detect L- and D-glutamine in whole blood samples. The recovery of the
individual is not impacted by the proportion of L- and D-enantiomers present in glutamine.

Table 2. Recovery tests of L- and D-glutamine in whole blood samples (N = 10).

Recovery%

L:D 1:99 1:50 1:25 1:1 25:1 50:1 99:1

Enantiomer L D L D L D L D L D L D L D

99.15
± 0.02

99.35
± 0.03

99.47
± 0.04

99.12
± 0.04

99.90
± 0.05

99.21
± 0.05

99.98
± 0.07

99.97
± 0.05

99.87
± 0.05

99.12
± 0.06

99.88
± 0.08

99.78
± 0.06

99.95
± 0.05

99.93
± 0.03

Table 3 shows the results obtained for 10 whole blood samples and 10 gastric tumor tis-
sue samples. The samples were screened accordingly with the stochastic method described
above using the 2D enantioselective stochastic sensor. The identification of L-glutamate
and D-glutamate in the samples was based on their respective signatures, toff values, as
illustrated in Figure 3. The enantiomeric concentrations of glutamine were ascertained
by employing the respective calibration equations for each enantiomer. The ton values,
which were obtained by measuring between two consecutive toff values as depicted in
Figure 3, were utilized for this purpose. The study findings indicate the presence of L- and
D-glutamine in the entirety of blood and gastric tumor tissues of the patients who were
diagnosed with gastric cancer, as presented in Table 3.

Table 3. Enantioanalysis of glutamine in whole blood and gastric tumor tissue samples of confirmed
patients with gastric cancer.

Sample No. Enantiomer of Glutamine Glutamine (µmol−1) 1 Enantiomeric Excess (%)

Whole blood

1 L
D

2.04 ± 0.03
0.49 ± 0.02 61.26

2 L
D

5.84 ± 0.04
3.29 (±0.02) × 10−1 89.33

3 L
D

2.13 ± 0.02
5.65 (±0.03) × 10−1 58.07

4 L
D

1.76 ± 0.02
8.66 (±0.02) × 10−1 34.04

5 L
D

2.35 ± 0.03
3.22 (±0.01) × 10−3 99.73

6 L
D

2.26 ± 0.03
0.53 ± 0.03 62.01

7 L
D

1.06 ± 0.01
4.32 (±0.03) × 10−2 92.17

8 L
D

4.37 ± 0.04
2.11 (±0.02) × 10−1 90.79

9 L
D

1.05 ± 0.01
2.54 (±0.02) × 10−2 95.28

10 L
D

5.84 ± 0.03
2.53 (±0.01) × 10−1 91.70
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Table 3. Cont.

Sample No. Enantiomer of Glutamine Glutamine (µmol−1) 1 Enantiomeric Excess (%)

Gastric tumor tissue

1 L
D

1.05 ± 0.01
0.29 ± 0.02 56.72

2 L
D

1.33 ± 0.03
2.41 (±0.02) × 10−1 69.32

3 L
D

1.66 ± 0.02
1.17 (±0.03) × 10−1 86.83

4 L
D

5.83 ± 0.02
1.25 ±0.03 64.69

5 L
D

2.04 ± 0.04
1.26 (±0.02) × 10−1 88.37

6 L
D

1.06 ± 0.02
1.14 ± 0.03 3.64

7 L
D

1.33 ± 0.02
3.38 (±0.03) × 10−1 59.47

8 L
D

3.75 ± 0.03
1.52 (±0.02) × 10−1 92.21

9 L
D

1.06 ± 0.03
0.99 ± 0.02 3.41

10 L
D

7.51 ± 0.02
1.68 (±0.03) × 10 95.62

1 All results are the average of 5 measurements.

The stochastic sensors were utilized to analyze whole blood samples obtained from
healthy individuals. The enantioanalysis results indicated that solely the L-enantiomer of
glutamine was present in the healthy patients, with no detection of D-glutamine in their
whole blood (as presented in Table 4). Further, the enantiomeric excess may be a trademark
of the evolution of illness.

Table 4. Enantioanalysis of glutamine in whole blood samples of healthy volunteers.

Sample No. Enantiomer of Glutamine L-Glutamine, mmol L−1

1 L 0.46 ± 0.02
2 L 0.30 ± 0.02
3 L 0.26 ± 0.01
4 L 0.13 ± 0.02
5 L 0.11 ± 0.01

Compared with the results obtained by Meyerhoff et al. [24] using a biosensor for the
assay of L-glutamine as detector in flow injection analysis, the proposed 2D enantioselective
stochastic sensor can be designed more easily than the biosensor, no special storage condi-
tions are required for the stochastic sensor compared with the biosensor that must be kept
at 4 ◦C, the biosensor had very low stability in time, and the linear concentration range is
wider for the stochastic sensor compared with the biosensor (1 × 10−4–1 × 10−2 mol L−1),
with a higher limit of determination for the biosensor compared with the stochastic sen-
sor. The biosensor can only determine the L-glutamine, while the stochastic sensor can
determine, in the same run, both enantiomers of glutamine.

5. Conclusions

Stereospecific biological mechanisms accurately determine the stereostructures of
amino acids, and the L-isomers of amino acids are the dominant form in natural systems
despite the symmetry of the D,L-amino acid pair. D-enantiomers have long been known
for not having any biological function. To explore the potential roles of D-amino acids,
a novel approach for simultaneous analysis of D,L-amino acids in biological materials



Symmetry 2023, 15, 958 10 of 11

is required. A 2D enantioselective disposable stochastic sensor was proposed for the
enantionaysis of glutamine in whole blood and gastric tumor tissue samples. The high
sensitivity of the sensor as well as its wide working concentration range made possible the
analysis of samples from confirmed patients with gastric cancer, as well as from healthy
volunteers. The main feature is its utilization for fast screening tests for the early detection
of gastric cancer, based on the identification of D-glutamine, the quantification of L- and D-
glutamine, and the determination of enantiomeric excess, especially given that the sensors
were connected to a mobile device able to record and read the diagrams.
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