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ABSTRACT

Spectroscopic methods have ushered in a paradigm shift in chemical analysis, providing
fast, non-destructive, and extremely sensitive means for the identification and quantitation of
chemical compounds in a wide range of scientific and industrial applications. These methods, such
as UV-Vis, Infrared (IR), Raman, Nuclear Magnetic Resonance (NMR), and Mass Spectrometry
(MS), have seen tremendous advancements, with hybrid techniques like Laser-Induced
Breakdown Spectroscopy (LIBS) and Terahertz Spectroscopy further expanding their analytical
scope. The recent developments in spectroscopy have been propelled by the combination of
artificial intelligence (Al) and machine learning (ML), which have improved spectral data
interpretation, automation, and real-time diagnostics, thus minimized human error and improved
accuracy. Miniaturization and portability of spectrometers have enabled on-site and field-based
applications, which have made spectroscopy more accessible for environmental monitoring,
pharmaceuticals, food safety, and forensic science. Nevertheless, obstacles including high expense
of state-of-the-art instrumentation, the difficulty in interpreting data, and the lack of standard
spectral databases still prevent it from gaining more universal usage. Overcoming these
weaknesses with Al-aided automation, better hybrid analytical strategies, and publicly available
spectral databases will be vital to improve the efficiency, trustworthiness, and accessibility of
spectroscopic analysis. With the ongoing development of technology, future innovations will be
centered on high-throughput, low-cost, and portable spectroscopic systems, coupled with 10T and
cloud-based platforms, further cementing spectroscopy's irreplaceable position in contemporary
scientific research and industrial processes.
Key Words: Spectroscopic Techniques, Chemical Analysis, Artificial Intelligence (Al), Machine
Learning (ML), Hybrid Spectroscopy, Mass Spectrometry, Portable Spectrometers, Real-time
Diagnostics

1.INTRODUCTION

Spectroscopic methods have radically revolutionized the field of chemical analysis by
enabling extremely precise, non-destructive, and speedy means of detection, identification, and
measurement of chemical compounds. Spectroscopic methods have found their way into numerous
scientific and industrial applications, ranging from the pharmaceutical and environmental
monitoring industries to materials science and forensic analysis. The history of spectroscopy has
been characterized by tremendous leaps in technology that enable scientists to explore the
molecular architecture, electronic states, and vibration characteristics of chemical substances with
unerring accuracy. Conventional spectroscopic techniques like Ultraviolet-Visible (UV-Vis),
Infrared (IR), Raman, and Nuclear Magnetic Resonance (NMR) spectroscopy have been at the
center of analytical chemistry, making qualitative and quantitative analysis of complex samples
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possible. But as the analytical needs have grown tougher, recent advances such as Laser-Induced
Breakdown Spectroscopy (LIBS), Terahertz Spectroscopy, and Mass Spectrometry (MS)-coupled
methods have pushed the boundaries of spectroscopy to tougher applications, from
nanotechnology to biomolecular analysis to space exploration. The marriage of artificial
intelligence (Al) and machine learning (ML) with spectroscopic methods has also transformed
data interpretation, providing automated, real-time analysis with greater accuracy. Artificial
intelligence-based spectroscopic techniques now enable the identification of complex spectral
patterns, streamline experimental protocols, and reduce errors in sample identification, thus
making spectroscopy a critical tool for high-throughput chemical analysis.

The ongoing evolution of spectroscopic technologies is spurred by the increasing need for
quick, on-site, and real-time analytical answers in various fields. Perhaps the most significant trend
in contemporary spectroscopy is miniaturization, which has made it possible to create portable and
handheld spectrometers that can perform accurate chemical analysis outside the laboratory. Hybrid
spectroscopic methods, in which two or more modalities like Raman-IR or MS-NMR are
combined, have been designed to overcome the disadvantages of single techniques and provide
enhanced sensitivity, specificity, and wider analytical scope. The advancement of Al-based
chemometric tools has also made advanced spectral analysis possible by enhancing pattern
recognition, noise filtering, and predictive modeling, making spectroscopy easier and more
accessible to use. In spite of these developments, there are still some challenges that remain, such
as the expense of instrumentation, the intricacy of interpretation of spectral data, and the
requirement for standardized spectral databases to provide reproducibility and accuracy.
Overcoming these challenges through ongoing research and technological advancement will be
essential in realizing the full potential of spectroscopic methods. This review explores the basic
principles, recent advances, and future trends in spectroscopy, emphasizing its revolutionary role
in chemical analysis and directions for future research and industrial applications.

1.1 Background

Spectroscopy, that is, the analysis of the interaction of matter with electromagnetic
radiation, is a corner stone in analytical chemistry, generating vital information regarding the
structural, electronic, and vibrational characteristics of materials. Through the investigation of the
absorption, emission, or scattering of electromagnetic waves in different spectral domains,
spectroscopy allows qualitative and quantitative evaluation of chemical compositions with
unparalleled accuracy. Originally conceived as a basic analysis tool, spectroscopic methods have
developed vastly over the years, moving from rudimentary optical methods to extremely complex,
multi-dimensional methods harnessing leading-edge technologies. These developments have
extended spectroscopy beyond its original use in chemical analysis to various other fields of
application like pharmaceuticals, materials science, environmental monitoring, forensic analysis,
and even astrophysics. Contemporary spectroscopy involves technological advancements like
Fourier Transform (FT) methods, high-resolution imaging, laser-based approaches, and artificial
intelligence-aided analysis, which increase its sensitivity, selectivity, and real-time diagnosticity.
Through this, spectroscopy has evolved to become a vital tool both for academia and industry,
which continuously fuels scientific advances and technological development.
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1.2 Objectives of the Study

e To summarize the fundamental principles and mechanisms of major spectroscopic
techniques.

e To examine recent technological advancements and applications.

e To identify emerging trends such as miniaturization, Al integration, and green
spectroscopy.

e To critically evaluate the current challenges and propose future research directions.

1.3 Importance of the Topic

Increased demand for high-throughput, accurate, and in real-time analysis in key
applications like pharmaceuticals, environmental, food safety, and forensic analyses emphasizes
the increased significance of improved spectroscopic methodology. Conventional laboratory-
based strategies, while exceptionally accurate, can be time-consuming with respect to sample
preparation, sophisticated instrumentation, and expert skill, which inhibits their potential for
instant decision-making. To address these challenges, scientists and industries have made efforts
to design portable, miniaturized, and hybrid spectroscopic systems that facilitate rapid on-site
analysis with little sample treatment. These technologies have minimized the reliance on
centralized laboratories and made real-time diagnostics possible in remote areas, industrial
environments, and field-based applications. Hybrid spectroscopic methods, which integrate
several modalities like Raman-Infrared (IR) and Mass Spectrometry-Nuclear Magnetic Resonance
(MS-NMR), provide enhanced analytical precision by avoiding the shortcomings of isolated
methods, with increased sensitivity and specificity. Additionally, the inclusion of artificial
intelligence (Al) and machine learning (ML) in spectroscopic analysis has transformed data
interpretation with automated spectral categorization, anomaly detection, and predictive analytics.
These developments not only enhance the efficacy of chemical analysis but also help create
intelligent, decentralized diagnosis platforms that enable quicker decision-making in applications
such as diagnosis of disease, detection of food contamination, and environmental pollution
monitoring.

2. COMPARATIVE ANALYSIS OF SPECTROSCOPIC TECHNIQUES: PRINCIPLES,
APPLICATIONS, AND LIMITATIONS

Spectroscopic methods are crucial analytical tools in chemistry that allow for accurate
identification and measurement of substances in different applications. Conventional approaches
such as UV-Vis, IR, Raman, NMR, and Mass Spectrometry have progressed with developments
like miniaturization, automation, and integration of Al. Methods such as Atomic Absorption
Spectroscopy (AAS) and Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES)
improve trace metal detection, while newer techniques such as Laser-Induced Breakdown
Spectroscopy (LIBS) and Terahertz Spectroscopy extend analytical capability. Hybrid systems
that integrate spectroscopy with chromatographic and Al-assisted systems enhance sensitivity and

12 International Journal in Physical and Applied Sciences
http://ijmr.net.in, Email: irjmss@gmail.com




International Journal in Physical and Applied Sciences =
Volume 07 Issue 10, October 2020 ISSN: 2394-5710 Impact Factor: 6.915 q’n.,ﬂ

Journal Homepage: http://ijmr.net.in, Email: irjmss@gmail.com
Double-Blind Peer Reviewed Refereed Open Access International Journal

specificity, transforming application in the pharmaceutical industry, environmental monitoring,
and forensic analysis. In spite of hurdles such as steep expenses and sophisticated data
interpretation, continuous innovations still improve the precision, effectiveness, and real-time
usability of spectroscopy.

2.1 UV-Visible and Fluorescence Spectroscopy

Ultraviolet-visible (UV-Vis) spectroscopy is a versatile analytical method employed to
quantify the light absorption within the ultraviolet and visible ranges, inducing electronic
molecular transitions. It is especially efficient for examining colored compounds, transition metal
complexes, and conjugated organic systems, revealing valuable structural and concentration
information regarding molecules. Recent technological advancements have led to the development
of miniaturized and handheld UV-Vi’s spectrometers, enabling real-time, in-situ analysis in fields
such as pharmaceuticals, environmental monitoring, and food safety. Fluorescence spectroscopy,
a complementary technique, offers even greater sensitivity by detecting the emission of light from
a sample after excitation, making it an essential tool in biomolecular studies, clinical diagnostics,
and chemical sensing. However, both techniques have their limitations; UV-Vi’s spectroscopy
often lacks specificity when analyzing complex mixtures, as overlapping absorption bands can
obscure individual component identification. Fluorescence spectroscopy, while highly sensitive,
is susceptible to fluorescence quenching, photobleaching, and background interference, which can
compromise accuracy. In spite of these difficulties, ongoing developments in instrumentation, data
analysis, and coupling with artificial intelligence are enhancing the accuracy and usability of these
spectroscopic techniques in a range of scientific and industrial applications.

2.2 Infrared (IR) and Raman Spectroscopy

Infrared(IR) spectroscopy is a versatile analytical method that analyzes the vibrational
transitions of molecules by measuring the absorption of infrared radiation. When molecules absorb
IR radiation, their chemical bonds oscillate at specific frequencies, enabling the identification of
functional groups and molecular structures. This makes IR spectroscopy especially valuable in
organic and polymer chemistry, pharmaceuticals, and materials science. Fourier Transform
Infrared Spectroscopy (FTIR), a superior form of IR spectroscopy, increases resolution of the
spectrum and accelerates acquisition of data through simultaneous examination of multiple
wavelengths. FTIR facilitated wider industrial utilization, such as real-time process monitoring of
chemical reactions, analysis of the environment, and testing of food quality. Nonetheless, one of
the main drawbacks of IR spectroscopy is that it is sensitive to water interference because water
molecules absorb in the infrared range strongly, which can be problematic for the analysis of
aqueous samples.

Raman spectroscopy, on the other hand, is based on inelastic scattering of monochromatic
light, yielding characteristic molecular fingerprints that allow chemical substances to be identified.
Raman methods, as opposed to IR spectroscopy, are less susceptible to interference from water,
and are of special interest for the investigation of biological and aquatic samples. New
development, such as Surface-Enhanced Raman Spectroscopy (SERS), has considerably enhanced
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sensitivity through the use of metallic nanoparticles to enhance the Raman signal. This
development has widened the applications of Raman spectroscopy in forensic science,
pharmaceuticals, nanotechnology, and biomedical imaging. Raman spectroscopy also has its own
limitations, such as fluorescence interference from some samples, which can mask weak Raman
signals, and low signal intensity that usually requires more sensitive detection techniques.
Although such limitations exist, IR and Raman spectroscopy are still valuable instruments in
contemporary chemical analysis that provide complementary information to make molecular
characterization more accurate and reliable.

2.3 Nuclear Magnetic Resonance (NMR) Spectroscopy

Nuclear Magnetic Resonance (NMR) spectroscopy is a very advanced analytical method
giving detailed information about the molecular structure, dynamics, and interactions of organic
compounds using the magnetic behavior of certain atomic nuclei. In a strong external magnetic
field, these nuclei take up and give back electromagnetic radiation at specific frequencies,
generating specific spectral patterns making it possible for accurate molecular identification. NMR
spectroscopy is of vital importance in structural elucidation, allowing chemists to identify the
connectivity, conformation, and functional groups of intricate molecules. Technological
improvements over the years, including high-field superconducting magnets, cryogenic probes,
and multi-dimensional NMR methods, have greatly improved sensitivity and resolution,
expanding the range of applications in various fields. These advances have rendered NMR
essential in metabolomics, drug discovery, polymer science, and biochemical research, where it is
employed to investigate biomolecular interactions, pharmaceutical formulations, and metabolic
pathways.

In spite of its incredible ability for analysis, NMR spectroscopy has a few limitations that
hinder widespread use. One of the main hindrances is its extensive operating expense since the
equipment necessitates the use of advanced superconducting magnets, liquid helium cooling, and
upkeep that runs continuously. Another limitation is the complexity of NMR data, which requires
expert interpretation and, therefore, less availability to non-experts. The method is also inherently
less sensitive to the measurement than mass spectrometry, needing relatively high concentrations
of the sample to be analyzed effectively . In addition, sample preparation can be protracted, and
some nuclei, i.e., carbon-13 and nitrogen-15, give weak signals, often necessitating isotopic
enrichment for enhanced detection. In spite of these difficulties, continued improvements in
hardware, computation, and machine learning-aided spectral analysis continue to push the
efficiency and availability of NMR spectroscopy, solidifying its position as a gold standard in
molecular identification.

2.4 Mass Spectrometry Coupled Techniques

Mass spectrometry (MS) is a highly sensitive analytical technique used to identify chemical
species based on their mass-to-charge (m/z) ratio. It plays an important role in chemical analysis
through the ability to detect, quantify, and structurally elucidate molecules in various fields. The
underlying principle of MS entails ionizing chemical compounds into charge molecules which are
separated and detected according to their characteristic mass-to-charge ratios. This potent
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technique delivers unmatched sensitivity and specificity, earning it a pivotal role in industries like
pharmaceuticals, environmental observation, forensic science, and biochemical investigation. MS
is frequently used in combination with chromatographic strategies, including Gas
Chromatography-Mass Spectrometry (GC-MS) and Liquid Chromatography-Mass Spectrometry
(LC-MS), to provide further compound discrimination prior to identification. These paired systems
enable the exact analysis of complicated mixtures, and they are therefore critical to applications in
drug discovery, proteomics, toxicology, and food safety.

Recent developments in MS technology have further improved its performance, with
enhanced sensitivity, resolution, and speed. Breakthroughs like Matrix-Assisted Laser
Desorption/lonization (MALDI) and Time-of-Flight (TOF) analyzers have transformed mass
spectrometry by allowing large biomolecules like proteins and peptides to be analyzed with little
fragmentation. Ultra-high resolution MS methods, such as Orbitrap and FT-ICR MS, enable ultra-
high mass accuracy, making it possible to identify intricate molecular structures with great
precision. Yet, even with these developments, mass spectrometry is not without challenges that
may affect its accessibility and efficiency. Complex sample preparation, matrix effects, and high
instrumentation costs restrict widespread use, especially in resource-constrained environments.
Additionally, the requirement for specialization in data analysis and interpretation necessitates
incorporating Al-driven automation and machine learning tools to optimize workflows.

2.5 Atomic Absorption and Emission Spectroscopy

Atomic spectroscopy methods, including Atomic Absorption Spectroscopy (AAS) and
Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES), are important tools used
to identify and measure trace metals in environmental, clinical, and industrial analysis. These
methods function by leveraging the absorption or emission of light from free atoms that are in the
gaseous phase so as to carry out accurate elemental analysis. AAS is generally used for its superior
sensitivity to detect individual metals and is hence of maximum utility in toxicology, food safety,
and pharmaceutical quality control. Its singularity for individual elements reduces its efficiency in
multi-element sample analysis. ICP-OES is a more holistic method as it provides simultaneous
multi-element detection with higher sensitivity and lower detection limits. It is widely applied in
environmental monitoring, metallurgy, and geochemical research. Recent developments in both
methods, including enhanced automation, greater detection power, and coupling with chemometric
tools, have dramatically enhanced their accuracy and efficiency. In spite of these advances, AAS
is still limited by its sequential operation, whereas ICP-OES requires greater energy usage and
sophisticated instrumentation, and thus is less suited for routine use. However, continuous
improvements in instrument construction, combined with the use of artificial intelligence
processing of data, continue to upgrade the reliability and usability of atomic spectroscopy for
contemporary analytical science.

2.6 Emerging and Hybrid Techniques
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New spectroscopic methods such as Laser-Induced Breakdown Spectroscopy (LIBS),
Terahertz Spectroscopy, and Near-Infrared (NIR) Spectroscopy are transforming chemical
analysis by allowing the fast, non-destructive, and on-site identification of diverse substances.
LIBS, in which high-power laser pulses induce plasma and characterize its emitted light, has also
become very important in space exploration, metallurgy, and environmental monitoring because
it can conduct real-time, multi-element analysis with little sample preparation. Terahertz
spectroscopy, however, works in the electromagnetic spectrum between microwave and infrared,
which is well suited for non-invasive imaging in security screening, pharmaceutical quality
control, and biomedical diagnostics. Its capacity to penetrate non-metallic substances without
being ionizing has resulted in its common use in identifying concealed substances and structural
flaws.

Besides, Near-Infrared (NIR) spectroscopy is gaining greater popularity in agricultural,
food quality analysis, and pharmaceutical sectors owing to its potential to study organic
compounds through molecular vibrations. One of the major breakthroughs in spectroscopy has
been the development of hybrid systems that combine different spectroscopic approaches with
chromatographic, electrophoretic, or Al-based data analysis tools. These hybrid strategies improve
the specificity, sensitivity, and reproducibility of spectral information, enabling improved
compound identification and quantitation. The application of artificial intelligence and machine
learning in spectroscopy has also augmented real-time decision-making, automated spectral
categorization, and predictive modeling. These improvements in total open up possibilities for
more precise, less expensive, and field-portable spectroscopic solutions with diminished reliance
on conventional laboratory-based methods.

Table 1: Comparative Overview of Common Spectroscopic Techniques

Technique Principle Key Advantages Limitations
Applications
UV-Vis Absorption of Concentration Simple, cost- Low specificity,
UVlvisible light by | analysis, effective, fast background
molecules colorimetric interference
assays
Fluorescence Emission of light Protein/DNA High sensitivity | Fluorescence
after excitation detection, quenching,
biosensing photobleaching

IR (FTIR) Vibrational Functional group | Non- Water
transitions in identification, destructive, interference,
molecules material rapid limited to IR-

characterization active bonds

Raman Inelastic scattering | Chemical Minimal sample | Weak signal
of light fingerprinting, prep, works on | intensity,

forensic analysis | water-rich fluorescence
samples interference

NMR Magnetic behavior | Structural Detailed High cost,
of nuclei in elucidation, molecular info, | complex data
magnetic field metabolomics non-destructive | interpretation
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Mass Mass-to-charge Proteomics, High sensitivity | Expensive,
Spectrometry ratio detection toxicology, drug | and selectivity | complex
development instrumentation
AAS/ICP-OES | Atomic Trace metal High precision, | AAS limited to
absorption/emission | analysis multi-element single element,
of light capability (ICP) | matrix effects
LIBS Laser-induced Elemental Real-time, Limited
plasma emission analysis, space minimal prep quantitative
exploration accuracy
Terahertz Non-ionizing Imaging, Non- Expensive,
radiation polymorph destructive, safe | limited
interaction identification penetration
depth

3. ADVANCEMENTS IN Al AND MACHINE LEARNING FOR
SPECTROSCOPIC DATA ANALYSIS

The amalgamation of machine learning (ML) and artificial intelligence (Al) with
spectroscopic methods has transformed chemical analysis by simplifying complex data
interpretation, improving pattern recognition, and making predictive modeling possible.
Conventional spectroscopic analysis tends to need expert knowledge to determine spectral
features, eliminate background noise, and isolate pertinent chemical information. Nonetheless, Al-
based methods enable effective processing of enormous spectral datasets to make real-time
analysis more reliable and available across industries such as pharmaceuticals, environmental
monitoring, food safety, and forensic science. Application of Al algorithms enables better accuracy
in molecular signature detection, subtle spectral differences, and minimizing human error in
spectral analysis. Moreover, integration with Al has made it possible to create portable and
intelligent spectroscopic instruments, further expanding the use of these methods in remote and
field-based environments

3.1 Al-Powered Spectral Data Processing and Noise Reduction

One of the most significant issues in spectroscopic analysis is noise interference, which
can mask important spectral features and result in erroneous conclusions. Al and ML methods,
such as deep learning-based models and sophisticated signal processing algorithms, have been
found to be extremely useful in noise reduction and spectral enhancement. Neural networks and
wavelet transform techniques are commonly employed to preprocess spectra to accurately detect
peaks and minimize baseline distortions. These machine learning-based models are capable of
separating genuine chemical signals from noise, allowing for greater accuracy in identifying weak
or overlapping spectral features. In addition, machine learning models can learn to adjust to
varying experimental conditions, enhancing spectral reproducibility across various analytical
platforms. The capacity to automate noise filtering and signal enhancement has made spectroscopy
more robust and useful in adverse environments, such as low-light fluorescence analysis or field-
based Raman spectroscopy.
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3.2 Machine Learning for Spectral Classification and Compound Identification

Machine learning algorithms have greatly enhanced the identification and classification of
chemical compounds from their characteristic spectral signatures. Classic manual interpretation of
spectra is often time-consuming and subject to human variability, while ML models offer high-
throughput automated classification with minimal intervention. Routine methods like Principal
Component Analysis (PCA), Support Vector Machines (SVM), and Random Forest classifiers are
extensively employed for pattern recognition, enabling discrimination between structurally related
compounds and trace contaminants in food, pharmaceuticals, and forensic samples. Deep learning
methods, especially Convolutional Neural Networks (CNNs), have also improved spectral image
analysis, facilitating the quick identification of disease biomarkers, drug metabolites, and
industrial pollutants. Computer-classification models powered by Al not only enhance the
precision of compound identification but also enable real-time decision-making by issuing
automated notifications for sample irregularities or contamination incidents. Such advancements
have established spectroscopy as a vital instrument for quality control, forensic analysis, and
biomedical diagnostics.

3.3 Predictive Analytics and Al-Driven Spectroscopic Systems

Spectroscopic technologies empowered by artificial intelligence are transforming in-line
chemical analysis by tapping the power of predictive analytics to gauge chemical content, reaction
behaviors, and material traits with accurate prediction. Trained on huge databases of spectral
content, machine learning models are making it possible to create predictor systems that can
discover unidentified samples as well as predict chemical interaction outcomes. With artificial
intelligence-scaffolded spectroscopy, there can be quality assurance in continuous batches of
medicine without interruptions with regulation-compliance ascertaining mechanisms. In the same
way, in environmental monitoring, predictive spectroscopy enables the detection of dangerous
pollutants at an early stage, which helps in averting the risks of contamination before they worsen.
Al-based systems also enhance process optimization in industrial applications by minimizing
waste and maximizing manufacturing efficiency. Yet, full implementation of Al-enhanced
spectroscopy relies on solving some core challenges, like the requirement of standard spectral
databases, cross-platform usability and stringent validation standards to guarantee precision and
reliability. Advances in future integration of Al will continue breaking boundaries in terms of
spectroscopic analysis, advancing the field toward being an ever-more powerful, irreplaceable
scientific and industrial tool.

4. DISCUSSION

The development of new spectroscopic techniques has led to new and dramatic
advancements, such as spectrometers on tiny devices, artificial intelligence integration, and real-
time analysis, rendering spectroscopy more convenient and effective in many industries. Such new
technologies have improved pharmaceutical quality control, agricultural surveillance,
environmental surveys, and food security. Yet high expenses, complicated equipment, and the
requirement for standardized Al-based analysis remain among the challenges. Future work will
involve enhancing portability, establishing open-access spectral databases, and designing hybrid
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spectroscopic systems for increased specificity. Furthering applications in personalized medicine,
precision agriculture, and sustainability will propel the next generation of spectroscopic
development.

5. CONCLUSION

Spectroscopic methodologies have witnessed incredible advancements, fundamentally
transforming chemical analysis by making it more precise, sensitive, and real-time. The coupling
with artificial intelligence (Al) and machine learning (ML) has transformed data processing,
allowing for automated spectral interpretation, pattern recognition, and predictive analytics,
minimizing human error and enhancing efficiency. Miniaturization of devices and the creation of
portable spectrometers have made it easier to apply spectroscopy in the field, and their applications
have grown in pharmaceuticals for drug quality monitoring, in environmental analysis for
detecting pollutants, in food safety for measuring contamination, and in forensic analysis for quick
substance identification. In addition, hybrid spectroscopic methods that involve combining two or
more modalities, e.g., Raman-IR and MS-NMR, have increased specificity and analytical
functionality. Even with these advances, there are a few challenges that remain, such as the
expensive instrumentation costs, the interpretive complexity of spectral data, and the absence of
an internationally standardized set of spectral databases, which can discourage cross-platform
portability and reproducibility. These limitations must be overcome through ongoing research,
investment in Al-based automation, and the provision of open-access spectral repositories to
facilitate better sharing of data and model training. With advancing technology, future advances
will focus on the creation of high-throughput, low-cost, and field-portable spectroscopic systems
with real-time analytical capabilities. Merging spectroscopy with Al, IoT connectivity and cloud
spectral databases will facilitate more accurate chemical analysis, as well as access and
indispensability in scientific and industrial applications.

REFERENCES
1. Buchberger, A. R., DeLaney, K., Johnson, J., & Li, L. (2017). Mass spectrometry imaging: a

review of emerging advancements and future insights. Analytical chemistry, 90(1), 240.

2. Carmona, P., Navarro, R., & Hernanz, A. (Eds.). (2012). Spectroscopy of biological molecules:
Modern trends. Springer Science & Business Media.

3. Das, R. S., & Agrawal, Y. K. (2011). Raman spectroscopy: Recent advancements, techniques
and applications. Vibrational spectroscopy, 57(2), 163-176.

4. Gallo, M., & Ferranti, P. (2016). The evolution of analytical chemistry methods in foodomics.
Journal of Chromatography A, 1428, 3-15.

5. Haas, J., & Mizaikoff, B. (2016). Advances in mid-infrared spectroscopy for chemical
analysis. Annual Review of Analytical Chemistry, 9(1), 45-68.

6. He, Y, Tang, L., Wu, X,, Hou, X., & Lee, Y. I. (2007). Spectroscopy: the best way toward
green analytical chemistry?. Applied Spectroscopy Reviews, 42(2), 119-138.

19 International Journal in Physical and Applied Sciences
http://ijmr.net.in, Email: irjmss@gmail.com




International Journal in Physical and Applied Sciences
Volume 07 Issue 10, October 2020 ISSN: 2394-5710 Impact Factor: 6.915

Journal Homepage: http://ijmr.net.in, Email: irjmss@gmail.com
Double-Blind Peer Reviewed Refereed Open Access International Journal

7.

Houhou, R., & Bocklitz, T. (2019). Trends in artificial intelligence, machine learning, and
chemometrics applied to chemical data. Analytical Science Advances, 2(3-4), 128-141.

Koester, C. J., & Moulik, A. (2005). Trends in environmental analysis. Analytical Chemistry,
77(12), 3737-3754.

Laskin, A., Laskin, J., & Nizkorodov, S. A. (2012). Mass spectrometric approaches for
chemical characterisation of atmospheric aerosols: critical review of the most recent advances.
Environmental Chemistry,9(3), 163-189.

10. Muro, C. K., Doty, K. C., Bueno, J., Halamkova, L., & Lednev, I. K. (2015). Vibrational

spectroscopy: recent developments to revolutionize forensic science. Analytical chemistry,
87(1), 306-327.

11. Parkinson, D. R., & Dust, J. M. (2010). Overview of the current status of sediment chemical

analysis: trends in analytical techniques. Environmental Reviews, 18(NA),37-59.

12. Pasquini, C. (2018). Near infrared spectroscopy:A mature analytical technique with new

perspectives—A review. Analytica chimica acta, 1026, 8-36.

13. Santos, M.C., Morais,C. L., Nascimento,Y. M., Araujo, JM. & Lima, K. M.

(2017).Spectroscopy with computational analysisin virological studies: A decade (2006—-2016).
TrAC Trends in Analytical Chemistry, 97, 244-256.

14. Silva, C. S., Braz, A., & Pimentel, M. F. (2019). Vibrational spectroscopy and chemometrics

in forensic chemistry: critical review, current trends and challenges. Journal of the Brazilian
Chemical Society, 30, 2259-2290.

15. Vogt, F. (2006). Trends in remote spectroscopic sensing and imaging-experimental techniques

and chemometric concepts. Current Analytical Chemistry, 2(2), 107-127.

16. XWu, J., van den Berg, F., Rantanen, J., Rades, T., &Yang, M. (2014). Current advances and

future trends in characterizing poorly water-soluble drugs using spectroscopic, imaging and
data analytical techniques. Current Pharmaceutical Design, 20(3), 436-453.

17. Xuesong, H., Pu, C., Jingyan,L., Yupeng, X., Dan, L., & Xiaoli, C. (2019). Commentary on

the review articles of spectroscopy technology combined with chemometrics in the last three
years. Applied Spectroscopy Reviews, 59(4), 423-482.

20 International Journal in Physical and Applied Sciences
http://ijmr.net.in, Email: irjmss@gmail.com




