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ABSTRACT

© Higher Education Press 2026

Laser-induced breakdown spectroscopy (LIBS) serving as a representative
in-situ elemental analysis technique, is widely recognized for its fast
response and multi-element detection capability. Nevertheless, its perfor-
mance is still prone to being affected by versatile realistic physical
constraints. Variations in laser parameters, sample properties, matrix
composition, ambient gas and pressure can all perturb laser ablation effi-
ciency and plasma’s spatiotemporal evolution, leading to signal fluctuations
and aggravated self-absorption and matrix effects. These issues conse-
quently compromise the repeatability of spectral signals, the accuracy of
analytical results as well as the robustness of analytical methods. This
perspective discusses two complementary strategies toward reliable LIBS
analysis. At the hardware level, spatial confinement, energy injection and
light-field control are leveraged to steer plasma evolution and upgrade raw
spectral quality; and at the software level, spectral pre-processing, knowl-
edge-driven algorithms, data-driven models and knowledge-data hybrid
frameworks are employed to minimize analytical errors and boost model
generalization. The LIBS reliability improvement is expected to shift from
single optimization to hardware-software synergetic optimization and
adaptive parameter adjustment, opening up new avenues for robust LIBS
analysis under real-world physical constraints.
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situ analysis, laser-induced breakdown spec-
troscopy (LIBS) has shown considerable applica-
tions in industrial-quality control, geological exploration
and even in the extreme-environment monitoring [1, 2].
As illustrated in the middle of Fig. 1, this technique uses
high-energy laser pulses to ablate samples along with the

D ue to its ability of rapid, multi-element and in-
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generation of a laser-induced plasma. By collecting the
characteristic spectra from atoms and ions we can
obtain the elemental information. In general, qualitative
LIBS typically relies on the measured spectral-line posi-
tions, intensities, or full-spectrum features to identify
elements and classify materials. While quantitative analysis
depends on standard samples to establish a calibration
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relationship between spectral features (e.g., spectral-line
intensity or peak area) and the elemental concentration.
Besides, some calibration-free and data-driven
approaches have also been developed recently [3, 4].

Nevertheless, LIBS still faces many practical
constraints, covering from spectral information collecting
to reliable analytical results, as shown in Fig. 2. The
analysis reliability mainly presents the repeatability of
spectral signals, the accuracy of analytical results and
the robustness of analytical methods under fluctuated
experimental conditions. Since the plasma intrinsically
suffers from the highly transient and spatially nonuniform
nature, its evolution is readily influenced by the practical
physical constraints coming from laser parameter fluctu-
ations, variations of samples and matrix composition,
changes in ambient gas and pressure [5, 6]. These factors
can alter the laser ablation efficiency and the plasma’s
spatiotemporal evolution, which in turn cause fluctuations
in spectral intensity and baseline, thereby reducing the
signal repeatability. Besides, they may also exacerbate
self-absorption and matrix effects, distorting the rela-
tionship between spectral features and analytical targets
(e.g., elemental concentrations and identities) and thus
leading to a loss of analytical accuracy [7, 8]. Moreover,
broadening and distortion of spectra would complicate
the elemental identification in complex samples. When
the external conditions change, this original relationship
will move degrading the robustness of analytical methods
[9, 10]. In present days the major challenges toward reliable
LIBS analysis therefore come from practical physical
constraints and the induced signal quality problems.

To mitigate the impact of physical constrains on
LIBS, one typical method is the hardware control which
utilizes the ways of active modulation for laser-ablation
and plasma evolution, in order to improve the spectra
stability and controllability [11]. Based on their different
mechanisms these strategies can be broadly classified
into spatial confinement, energy injection, and light-field
modulation, as well as the hybrid modulation, as shown
in Fig. 1(A). Spatial confinement usually employs cavities
or magnetic fields to restrict the plasma expansion
which can regulate its temperature, density and spatial
distribution and improve the raw spectrum quality [13].
Energy injection may take the form of double-pulse exci-
tation, which enhances energy coupling between the
laser and the sample hence improving the signal intensity
and stability [14, 15]. Light-field modulation focuses on
optimizing the conditions of the incident lasers, e.g., via
the way of beam shaping to improve the uniformity of
energy distribution and ablation, thereby enhancing the
spectrum repeatability [12]. Remarkably, one may
choose the hybrid modulation by combining different
approaches, such as using the microwave-assisted
coupling in a cavity that significantly prolongs the
plasma lifetime while simultaneously reducing the signal
fluctuations [16, 17]. Recent papers in Frontiers of
Physics have intensively focused on the role of these
methods in improving the stability and controllability of

spectral signals. Xin et al. [15] used remote dual-pulse
excitation to analyze magnesium alloy melts. They
improved the signals by optimizing the ablation efficiency
and plasma’s spatiotemporal evolution processes. Zhao
et al. [12] systematically reviewed versatile light-field
modulation methods, importantly focusing on the effects
of beam shaping and polarization control techniques.
Khumaeni et al. [17] discovered the importance of
microwave-assisted coupling which explicitly prolonged
the plasma lifetime and enhanced the emission signals.
Overall, an active plasma modulation from the hardware-
control layer can significantly improve the quality of raw
LIBS spectra by improving the energy coupling and
ablation uniformity, as well as suppressing the excessive
plasma expansion. However, its effectiveness remains
limited under practical physical constraints since the
alleviation for self-absorption and matrix effects is often
insufficient and further corrections with spectral mathe-
matical modeling etc. are required. Hardware-based
approaches alone, therefore, can not ensure the reliability
of real LIBS analysis.

In parallel, utilizing ways of spectral pre-processing
and modeling from the software level can further
enhance the LIBS reliability [8, 10]. As displayed by
Fig. 1(B), the main strategies include spectral pre-
processing, knowledge-driven modeling, data-driven
modeling, and knowledge-data hybrid modeling. Here,
spectral pre-processing methods such as normalization,
background subtraction, self-absorption correction can
reduce signal fluctuations, baseline drifts and spectral
shape distortions in the raw LIBS spectra [18, 19]. The
calibration-free knowledge-driven methods are able to
accurately estimate the elemental concentration from
the plasma temperature and electron density depending
on the assumptions of local thermodynamic equilibrium
and optical thinness, which hence reduces the reliance
on calibration standards [19, 20]. The data-driven methods
can well compensate for the deviations caused by self-
absorption and matrix effects, through the learning of
relationship between spectral features and analytical
targets under different experimental conditions, thus
enhancing the analytical accuracy [9, 10, 21]. Most
importantly, the newly-developed knowledge—data
hybrid modeling incorporates the physical knowledge
into data-driven models. When combined with the way
of transfer learning it can iteratively update the old
model by using a small amount of data from new conditions
significantly improving its generalization [22, 23]. Recent
researches published in Frontiers of Physics highlight
the significant advances in this area uncovering the soft-
ware-based methods in improving actual LIBS reliabil-
ity. Guo et al. [8] systematically reviewed data-processing
methods in LIBS discussing the critical role of spectral
pre-processing for signal stabilization and ways for
compensating the self-absorption and matrix effects. Ni
et al. [24] proposed an image-assisted normalization
method which effectively reduced the signal variations
caused by laser-energy fluctuations and sample hetero-
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Fig. 1 Hardware-level (A) and software-level (B) routes for improving the reliability of LIBS analysis under practical

physical constraints. Reproduced from Refs. [10-12].

geneity resulting in an improved analytical reliability.
Hao et al. [10] deeply discussed the potential applications
of machine learning in LIBS, presented the particular
strength of hybrid modeling and transfer learning for
mitigating the matrix effects, signal fluctuations and
improving the model generalization. It is worth noting
that, although the above software-level approaches could
improve the final results the ultimate LIBS performance
still relies on the raw spectra quality detected experi-
mentally. If the experimental conditions reveal substantial
fluctuations, the robustness of subsequent pre-processing
and modeling may be reduced considerably. As a result,
only software-based approaches remains incapable of
ensuring the reliability of LIBS [25].

To conclude, practical physical constraints will affect
the LIBS reliability by altering the efficiency of laser
ablation and the uniformity of plasma spatiotemporal
evolution, which gives rise to signal quality issues and
ultimately leads to reduced spectral repeatability,
limited analytical accuracy, and weakened methodological
robustness. To address these issues, existing studies have
proposed the corresponding solutions from two layers of
hardware control and software analysis (see Fig. 2) [8,
10-12, 26]. The former improves raw spectral quality by
using spatial confinement, energy injection, light-field
modulation and so on. And the latter can in turn use
the way of spectral pre-processing and modeling for
enhancing the model generalization across versatile
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scenarios. Nevertheless, neither hardware nor software
can singly struggle to simultaneously balance signal
stability, analytical accuracy, and method robustness. In
the future, the improvement of LIBS reliability is
expected to evolve toward hardware-software synergetic
optimization accompanied by real-time feedback of spectra
and plasma information, which can in turn adaptively
tune lasers or environment parameters [25, 27, 28]. This
approach will offer a more promising direction for
achieving more stable and reliable LIBS outcomes under
realistic physical constraints.

Declarations The authors declare that they have no competing

interests and there are no conflicts.

Acknowledgements We acknowledge financial support from the

National Natural Science Foundation of China under Grant Nos.

12674604, 12174106, 11474094, and 12474070, the Natural Science
Foundation of Chongqing under Grant No. CSTB2024NSCQMSX1117,
the Shanghai Science and Technology Innovation Project under Grant
No. 24171400600, and the Science and Technology Commission of
Shanghai Municipality under Grant No. 18ZR1412800.

References

1. W. Huang, C. Niu, K. Li, N. Deng, D. Zhang, Z. Hu, J.
Zhang, and L. Guo, Recent advances in laser-induced
breakdown spectroscopy instruments, Front. Phys.
(Beijing) 21(7), 072202 (2026)

2. M. A. Baig, F. W. Khan, and N. Ahmed, Laser-induced
breakdown spectroscopy: An efficient analytical technique
for qualitative and quantitative analysis, J. Opt. Soc.
Am. B 43, B259 (2026)

3. G. Galbacs, A critical review of recent progress in

102401-4

Panpan Li, et al., Front. Phys. 21(10), 102401 (2026)


https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.15302/frontphys.2026.072202
https://doi.org/10.1364/josab.591125
https://doi.org/10.1364/josab.591125
https://doi.org/10.1364/josab.591125
https://doi.org/10.1364/josab.591125
https://doi.org/10.1364/josab.591125
https://doi.org/10.1364/josab.591125
https://doi.org/10.1364/josab.591125
https://doi.org/10.1364/josab.591125
https://doi.org/10.1364/josab.591125
https://doi.org/10.1364/josab.591125
https://doi.org/10.1364/josab.591125
https://doi.org/10.1364/josab.591125
https://doi.org/10.1364/josab.591125
https://doi.org/10.1364/josab.591125
https://doi.org/10.1364/josab.591125
https://doi.org/10.1364/josab.591125
https://doi.org/10.1364/josab.591125
https://doi.org/10.1364/josab.591125
https://doi.org/10.1364/josab.591125
https://doi.org/10.1364/josab.591125
https://doi.org/10.1364/josab.591125
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3

VIEW & PERSPECTIVE

FRONTIERS OF PHYSICS f P

10.

11.

12.

13.

14.

15.

16.

analytical laser-induced breakdown spectroscopy, Anal.
Bioanal. Chem. 407(25), 7537 (2015)

D. S. Ferreira, D. V. Babos, M. H. Lima-Filho, H. F.
Castello, A. C. Olivieri, F. M. V. Pereira, and E. R.
Pereira-Filho, Laser-induced breakdown spectroscopy
(LIBS): Calibration challenges, combination with other
techniques, and spectral analysis using data science, J.
Anal. At. Spectrom. 39(12), 2949 (2024)

Y. T. Fu, W. L. Gu, Z. Y. Hou, S. A. Muhammed, T.
Q. Li, Y. Wang, and Z. Wang, Mechanism of signal
uncertainty generation for laser-induced breakdown
spectroscopy, Front. Phys. (Beijing) 16(2), 22502 (2021)
Y. Zhang, Y. H. Jia, J. W. Chen, X. J. Shen, L. Zhao,
C. Yang, Y. Y. Chen, Y. H. Zhang, and P. C. Han,
Study on parameters influencing analytical performance
of laser-induced breakdown spectroscopy, Front. Phys.
(Beijing) 7(6), 714 (2012)

Y. Tang, P. Liao, K. Yang, Z. Hu, D. Zhang, Z. Yang,
S. Wang, E. Guo, and N. Zhao, A review of development
in the research of self-absorption on laser-induced
breakdown spectroscopy, At. Spectr. 45(4), 336 (2024)
Y. M. Guo, L. B. Guo, J. M. Li, H. D. Liu, Z. H. Zhu,
X. Y. Li, Y. F. Lu, and X. Y. Zeng, Research progress
in Asia on methods of processing laser-induced breakdown
spectroscopy data, Front. Phys. (Beijing) 11(5), 114212
(2016)

D. Zhang, H. Zhang, Y. Zhao, Y. Chen, C. Ke, T. Xu,
and Y. He, A brief review of new data analysis methods
of laser-induced breakdown spectroscopy: Machine
learning, Appl. Spectrosc. Rev. 57(2), 89 (2022)

7. Hao, K. Liu, Q. Lian, W. Song, Z. Hou, R. Zhang, Q.
Wang, C. Sun, X. Li, and Z. Wang, Machine learning in
laser-induced breakdown spectroscopy: A review, Front.
Phys. (Beijing) 19(6), 62501 (2024)

P. Zheng, G. Chen, W. Gu, J. Wang, Z. Hou, X. Gao,
A. Chen, W. Zhou, L. Guo, Q. Zeng, and Z. Wang,
Upgrade from signal enhancement to plasma modulation
for LIBS signal improvement, TrAC, Trends Analyt.
Chem. 197, 118709 (2026)

S. Zhao, Y. Zhao, Y. Dai, Z. Liu, H. Zha, and X. Gao,
Recent advances of light-field modulated operation in
laser-induced breakdown spectroscopy, Front. Phys.
(Beijing) 19(6), 62500 (2024)

K. S. Singh and A. K. Sharma, Time-integrated optical
emission studies on laser-produced copper plasma in the
presence of magnetic field in air ambient at atmospheric
pressure, Appl. Phys. A 123(5), 325 (2017)

X. Jin, T. Gu, Y. Zhan, D. Qu, G. Chen, G. Yang, D.
Tian, C. Li, and L. Yao, A review: Experimental and
applied research of double-pulse laser-induced breakdown
spectroscopy, Appl. Spectrosc. Rev. 59(9), 1278 (2024)
Y. Xin, L. X. Sun, Z. J. Yang, P. Zeng, Z. B. Cong, and
L. F. Qi, In situ analysis of magnesium alloy using a
standoff and double-pulse laser-induced breakdown
spectroscopy system, Front. Phys. (Beijing) 11(5),
115207 (2016)

J. Shang, M. Sun, H. Xu, H. Song, S. Shen, H. Huang,
Z. Yuan, J. Hu, Y. Zhang, M. Zhang, and M. Awais,
Synergistic  multi-technique strategies for signal

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

enhancement and quantitative improvement in laser-
induced breakdown spectroscopy: A review, J. Anal. At.
Spectrom. 41(7), 2327 (2026)

A. Khumaeni, K. Akaoka, M. Miyabe, and I. Wakaida,
The role of microwaves in the enhancement of laser-
induced plasma emission, Front. Phys. (Beijing) 11(4),
114209 (2016)

J. Guezenoc, A. Gallet-Budynek, and B. Bousquet, Critical
review and advices on spectral-based normalization
methods for LIBS quantitative analysis, Spectrochim.
Acta B 160, 105688 (2019)

T. Li, Z. Hou, Y. Fu, J. Yu, W. Gu, and Z. Wang,
Correction of self-absorption effect in calibration-free
laser-induced breakdown spectroscopy (CF-LIBS) with
blackbody radiation reference, Anal. Chim. Acta 1058,
39 (2019)

Z. Hu, D. Zhang, W. Wang, F. Chen, Y. Xu, J. Nie, Y.
Chu, and L. Guo, A review of calibration-free laser-
induced breakdown spectroscopy, TrAC, Trends Analyt.
Chem. 152, 116618 (2022)

P. Dehbozorgi, L. Duponchel, V. Motto-Ros, and T.
Bocklitz, Harnessing machine learning and deep learning
approaches for laser-induced breakdown spectroscopy
data analysis: A comprehensive review, Anal. Sens.
6(1), 202500106 (2026)

S. Zhao, Y. Zhao, X. Xu, H. Zha, and Y. Ni, Laser-
induced breakdown spectroscopy quantitative measure-
ment based on a novel dominant factor-driven machine
learning approach and its validation in complex iron
mineral matrices, Measurement 258, 119114 (2026)

S. Yan, B. Chen, C. Tan, X. Song, and G. Wang, A
combination of prior knowledge and machine learning
for online monitoring of magnesium loss in Al-Mg alloy
laser welding by spectral analysis, J. Manuf. Process.
150, 798 (2025)

Z. B. Ni, X. L. Chen, H. B. Fu, J. G. Wang, and F. Z.
Dong, Study on quantitative analysis of slag based on
spectral normalization of laser-induced plasma image,
Front. Phys. (Beijing) 9(4), 439 (2014)

J. Yan, J. Ma, K. Liu, Y. Li, H. Wei, K. Li, and L.
Yuan, The overview for the stability improvement
strategy of LIBS spectrum and analysis model: from
physics system to analysis method, Crit. Rev. Anal.
Chem. 56(3), 827 (2026)

A. K. Tarai, N. C. Dingari, and M. K. Gundawar, Chal-
lenges in sorting unknown post-consumer plastics using
LIBS combined with machine learning, J. Opt. Soc.
Am. B 43, 8 (2026)

B. Tang, Z. Yang, Z. Li, W. Wei, L. Xia, Z. Li, P. Li,
and G. Wu, A transient temperature measurement
method for extreme environments based on the combi-
nation of MF-LIBS and machine learning, Talanta 292,
127927 (2025)

S. Chen, W. Gu, Z. Hou, Y. Lyu, H. Ding, L. Sun, Y.
Tian, Q. Wang, L. Guo, L. Zhang, S. Yao, D. Sun, and
Z. Wang, Laser-induced breakdown spectroscopy in
China over the past decade: A first-principles and prob-
lem-oriented Front. Phys. (Beijing) 21(8),
086301 (2026)

review,

Panpan Li, et al., Front. Phys. 21(10), 102401 (2026)

102401-5


https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1007/s00216-015-8855-3
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1039/D4JA00250D
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-020-1006-0
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.1007/s11467-012-0267-7
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.46770/AS.2024.041
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1007/s11467-016-0604-3
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1080/05704928.2020.1843175
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1007/s11467-024-1427-2
https://doi.org/10.1016/j.trac.2026.118709
https://doi.org/10.1016/j.trac.2026.118709
https://doi.org/10.1016/j.trac.2026.118709
https://doi.org/10.1016/j.trac.2026.118709
https://doi.org/10.1016/j.trac.2026.118709
https://doi.org/10.1016/j.trac.2026.118709
https://doi.org/10.1016/j.trac.2026.118709
https://doi.org/10.1016/j.trac.2026.118709
https://doi.org/10.1016/j.trac.2026.118709
https://doi.org/10.1016/j.trac.2026.118709
https://doi.org/10.1016/j.trac.2026.118709
https://doi.org/10.1016/j.trac.2026.118709
https://doi.org/10.1016/j.trac.2026.118709
https://doi.org/10.1016/j.trac.2026.118709
https://doi.org/10.1016/j.trac.2026.118709
https://doi.org/10.1016/j.trac.2026.118709
https://doi.org/10.1016/j.trac.2026.118709
https://doi.org/10.1016/j.trac.2026.118709
https://doi.org/10.1016/j.trac.2026.118709
https://doi.org/10.1016/j.trac.2026.118709
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s11467-024-1436-1
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1007/s00339-017-0953-y
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1080/05704928.2024.2320146
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1007/s11467-016-0619-9
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1039/D6JA00137H
https://doi.org/10.1007/s11467-016-0581-6
https://doi.org/10.1007/s11467-016-0581-6
https://doi.org/10.1007/s11467-016-0581-6
https://doi.org/10.1007/s11467-016-0581-6
https://doi.org/10.1007/s11467-016-0581-6
https://doi.org/10.1007/s11467-016-0581-6
https://doi.org/10.1007/s11467-016-0581-6
https://doi.org/10.1007/s11467-016-0581-6
https://doi.org/10.1007/s11467-016-0581-6
https://doi.org/10.1007/s11467-016-0581-6
https://doi.org/10.1007/s11467-016-0581-6
https://doi.org/10.1007/s11467-016-0581-6
https://doi.org/10.1007/s11467-016-0581-6
https://doi.org/10.1007/s11467-016-0581-6
https://doi.org/10.1007/s11467-016-0581-6
https://doi.org/10.1007/s11467-016-0581-6
https://doi.org/10.1007/s11467-016-0581-6
https://doi.org/10.1007/s11467-016-0581-6
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.sab.2019.105688
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.aca.2019.01.016
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1016/j.trac.2022.116618
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1002/anse.202500106
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.measurement.2025.119114
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1016/j.jmapro.2025.06.091
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1007/s11467-014-0433-1
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1080/10408347.2024.2449069
https://doi.org/10.1364/josab.586199
https://doi.org/10.1364/josab.586199
https://doi.org/10.1364/josab.586199
https://doi.org/10.1364/josab.586199
https://doi.org/10.1364/josab.586199
https://doi.org/10.1364/josab.586199
https://doi.org/10.1364/josab.586199
https://doi.org/10.1364/josab.586199
https://doi.org/10.1364/josab.586199
https://doi.org/10.1364/josab.586199
https://doi.org/10.1364/josab.586199
https://doi.org/10.1364/josab.586199
https://doi.org/10.1364/josab.586199
https://doi.org/10.1364/josab.586199
https://doi.org/10.1364/josab.586199
https://doi.org/10.1364/josab.586199
https://doi.org/10.1364/josab.586199
https://doi.org/10.1364/josab.586199
https://doi.org/10.1364/josab.586199
https://doi.org/10.1364/josab.586199
https://doi.org/10.1364/josab.586199
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.1016/j.talanta.2025.127927
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301
https://doi.org/10.15302/frontphys.2026.086301

	Declarations
	Acknowledgements
	References

