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INTRODUCTION 

To assure drug quality, pharmaceutical analysis applies a 

variety of analytical techniques. The field is being 

greatly impacted by new trends as a result of the rapid 

advance of technology. Analytical techniques are crucial 

in pharmaceutical analysis to guarantee the quality, 

safety, and effectiveness of pharmaceutical products.
[1]

 

These techniques help identify and measure APIs, detect 

impurities, and evaluate the physical and chemical 

properties of pharmaceuticals. This overview covers the 

primary analytical techniques used in pharmaceutical 

analysis.  Our goal in this study is to explore the most 

recent developments in analytical methods for 

pharmaceutical analysis, with an emphasis on approaches 

that have been popular or developed recently. Advances 

in instrumentation, data analysis, and automation have 

contributed to the analytical technology's rapid 

evolution, resulting in the creation of innovative 

strategies to meet the more complex modern drug 

formulations and regulatory requirements.
[2]

 

 

Advanced analytical techniques in pharmaceutical 

analysis 
Using sophisticated methods such as Raman -based 

spectroscopic approach, near-infrared (NIR) 

spectroscopic technique, and terahertz spectroscopy is 

one of the latest developments in pharmaceutical 

analysis.
[3]

 These techniques need minimal sample 

preparation and are quick and non-destructive. They are 

helpful for process monitoring, quality control, and 

identifying counterfeit drugs in addition to aiding in real-

time analysis of drugs. By using spectroscopic imaging 
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modalities, samples may be analysed spatially, which 

improves understanding of drug distribution and 

formulation homogeneity. 

 

Coherent anti-Stokes Raman spectroscopy (CARS) and 

surface-enhanced Raman spectroscopy (SERS) are two 

new techniques that provide a highly detailed molecular 

analysis, aiding in the study of interactions in complex 

mixtures and the detection of extremely small amounts 

of chemical substances.
[4]

 

 

Chromatographic methods such as GC, SFC, and HPLC 

are still highly significant due to their precision and 

reliability.
[5]

 The speed and quality of analysis are 

increased by new innovations like multidimensional 

chromatography and UHPLC, which provide even better 

separation and measurement of complex mixtures.
[6]

 

 

Advance in mass spectrometry 
Mass spectrometry provides quantitative data with high 

sensitivity and specificity as well as complete structural 

information, it has become a potent technique for 

pharmaceutical research.
[7]

 New developments in MS 

instrumentation, including hybrid quadrupole-Orbitrap 

systems, orbitrap mass analyzers, and quadrupole time-

of-flight (Q-TOF) analyzers, provide enhanced dynamic 

range, resolution, and mass accuracy for complex sample 

analysis. Furthermore, comprehensive characterisation of 

drug metabolites and contaminants is made possible by 

the combination of MS with orthogonal separation 

methods such supercritical fluid chromatography (SFC) 

and ion mobility spectrometry (IMS).
[8]

 High-resolution 

mass analyzers, ion mobility spectrometry, and tandem 

MS configurations are examples of recent developments 

in MS instrumentation that have increased the sensitivity 

and scope of MS-based assays and made it possible to 

thoroughly analyze drug impurities, degradation 

products, and trace-level contaminants.
[9]

 

 

Advances in Raman Spectroscopy 

Pharmaceutical analysis analytical methods have been 

substantially improved by recent developments in Raman 

spectroscopy. These advancements have improved the 

method's speed, non-invasiveness, and precision for 

chemical imaging, polymorph analysis, microbiological 

testing, quality control, and crystallinity. Better precision 

and reliability have resulted from advancements in 

instrumentation and system setups, particularly in on-site 

pharmaceutical applications. Its applicability for off-line, 

at-line, online, and in-line measurements has increased 

with the development of handheld Raman instruments. 

Raman microscopy is an essential tool for current 

pharmaceutical practices because it allows for the 

detailed analysis of pharmaceutical samples by exposing 

the chemical composition, concentration levels, particle 

size distributions, and spatial distribution of components 

in materials.
[10]

 

 

The creation of advanced instruments such as tunable 

diode lasers and ultrafast lasers, which have better 

signal-to-noise ratios and allow for rapid data acquistion, 

is one of the major developments in Raman 

spectroscopy. Improved sensitivity and spectrum 

resolution are features of detector technology, such as 

complementry metal-oxide-semiconductor [CMOS] 

sensors and charge-coupled devices (CCDs). 

 

Raman spectroscopy's capabilities have been increased 

by combining it with other analytical methods. For 

instance, spatially resolved chemical analysis with sub-

micrometer resolution is possible when Raman is 

combined with atomic force microscopy and confocal 

imaging. Additionally, multimodal imaging is made 

possible by integrating Raman spectroscopy with 

imaging techniques like optical coherence tomography 

and fluorescence imaging, which provide deeper insights 

into complex mixtures and biological materials.
[11]

 

 

Applications 

Raman spectroscopy is frequently used to characterize 

semiconductors, polymers, and nanomaterials because it 

offers comprehensive information on chemical 

composition, molecular structure, and crystallinity. It 

facilitates rapid compound identification and 

quantification, which is essential for drug research, 

formulation development, and quality control in the 

pharmaceutical industry. 

 

Raman spectroscopy is an effective method for 

diagnosing and predicting diseases in biomedical 

research, especially for diseases like cancer and 

neurological problems. It enables the highly sensitive 

and selective non-invasive, label-free detection of 

molecular alterations. 

 

Furthermore, new developments in Raman-based 

imaging methods enable real-time monitoring of tissue 

microenvironments and cellular dynamics, promoting 

advancements in therapeutic interventions and 

personalized medicine. 

 

Surface-enhanced Raman Spectroscopy (SERS) 

Surface-Enhanced Raman Spectroscopy (SERS) is a 

major development in Raman spectroscopy that increases 

signal intensity by interacting analytes with 

nanostructured metal surfaces. It provides high 

sensitivity and specificity, allowing for the detection of 

single molecules and trace analytes. Recent 

advancements in substrates, including plasmonic 

nanoparticles, nanostructured, and engineered surfaces, 

have improved SERS's sensitivity and reproducibility, 

making it essential in analytical chemistry, biosensing, 

and bioimaging. When paired with portable 

spectrometers and microfluidic devices, SERS enables 

rapid, on-site detection of chemical and biological 

analytes. Applications include homeland security, 

environmental monitoring, food safety, and clinical 

diagnostics.
[12]

 

 

 



Mangamma et al.                                                           European Journal of Biomedical and Pharmaceutical Sciences 

www.ejbps.com        │        Vol 12, Issue 12, 2025.         │          ISO 9001:2015 Certified Journal        │ 

 

53 

Coherent Raman Spectroscopy 

Coherent Raman spectroscopy methods, such as 

stimulated Raman scattering (SRS) and coherent anti-

Stokes Raman scattering (CARS), have become effective 

instruments for chemical analysis and label-free imaging 

with excellent spectrum and spatial resolution. Coherent 

Raman spectroscopy approaches use nonlinear optical 

processes to generate coherent Raman signals, which 

leads to substantially higher signal levels and faster 

acquisition times than conventional Raman spectroscopy, 

which depends on spontaneous Raman scattering. Recent 

developments in coherent Raman spectroscopy have 

concentrated on enhancing spectral coverage, sensitivity, 

and imaging speed, which has increased the significance 

of these methods for pharmaceutical research, materials 

characterization, and biomedical imaging.
[13]

 

 

Applications 
Raman spectroscopy is used in chemistry and materials 

science to identify phases, characterize molecular 

structure, and monitor chemical reactions with 

high specificity and sensitivity. It helps with research and 

development in fields like drug discovery, materials 

synthesis, and quality control by finding uses in the 

analysis of polymers, catalysts, nanomaterials, and 

complex mixtures. 

 

Raman spectroscopy provides non-destructive, label-free 

biological sample analysis in biology and medicine, 

allowing for the study of cells, tissues, and biomolecules 

with minimal sample preparation. It can be used in tissue 

engineering, drug screening, disease detection, and 

understanding molecular-level biological process. 

 

Raman spectroscopy is used in environmental research to 

identify and describe pollutants, contaminants, and 

dangerous materials in soil, water, and air. 

 

Future Directions and Challenges 

In the future, the field of Raman spectroscopy will 

continue to develop due to interdisciplinary cooperation 

and continuous technological advancements. 

 

In addition to expanding the capabilities for in vivo and 

real-time imaging, future developments are anticipated to 

concentrate on enhancing sensitivity, spatial resolution, 

and spectral coverage. It is still necessary for scientists, 

engineers, and instrument manufacturers to work 

together to address issues like background interference, 

sample heterogeneity, and instrument complexity. 

 

Furthermore, there is potential for synergistic 

improvements and novel applications when Raman 

spectroscopy is combined with complementary methods 

like mass spectrometry, microscopy, and imaging 

modalities. Furthermore, it is anticipated that the creation 

of portable and miniaturized Raman spectrometers, along 

with developments in artificial intelligence and data 

analysis algorithms, will democratize access to Raman 

spectroscopy and increase its uses in point-of-care and 

field-based diagnostics.
[14]

 

 

Near-infrared spectroscopy [NIR] 

Modern analytical methods are led by Near Infrared 

(NIR) spectroscopy, which provides a unique window 

into the chemical composition and characteristics of a 

variety of materials. Utilizing the interaction between 

near-infrared light and matter, NIR spectroscopy operates 

within the near-infrared portion of the electromagnetic 

spectrum and offers important information about 

physical characteristics, structural conformation, and 

chemical composition.
[15]

 Since its invention, NIR 

spectroscopic technique has transformed molecular 

evaluation across various fields, such as environmental 

surveillance, food industry, medicinal testing, and 

farming practices. Its adaptability, rapid analysis speed, 

and non-destructive nature have made it a vital tool for 

scientists, researchers, and industry professionals alike. 

 

Principles of Near Infrared Spectroscopic technique 

The near-infrared zone of the electromagnetic radiation 

spectrum, which generally covers wavelengths between 

780 & 2500 nm, is where NIR spectroscopy operates. 

Wavelengths in this region are shorter than mid-infrared 

radiation but slightly longer than visible light. When 

molecular bonds and near-infrared light interact, photons 

are absorbed and scattered, producing distinct spectral 

signatures that reveal the sample's molecular 

composition and structure. NIR spectroscopy mainly 

detects overtones and combinations of vibrational modes, 

as well as electronic transitions, in contrast to other 

spectroscopic methods like infrared (IR) spectroscopy, 

which primarily probe fundamental molecular 

vibrations.
[16]

 

 

The Beer-Lambert law, that relates a sample's absorption 

of light to its concentration and path length, is the 

cornerstone of quantitative analysis in NIR spectroscopy. 

Analyte quantification and the prediction of numerous 

chemical and physical characteristics are made possible 

by NIR spectroscopy, which measures the intensity of 

transmitted or reflected light across a range of 

wavelengths. 

 

Recent Advancements in NIR Spectroscopy 

NIR spectroscopy has advanced significantly in recent 

years due to advancements in applications, data analysis 

methods, and instrumentation. 

 

Instrumentation 

High-performance detectors with enhanced sensitivity 

and spectral resolution, like indium gallium arsenide 

(InGaAs) arrays, are a feature in current NIR 

spectrometers.
[17]

 The spectrum range and signal-to-noise 

ratio of NIR spectra have also been increased by 

developments in illumination sources, such as tunable 

diode lasers and light-emitting diodes. 
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Data Analysis Techniques 
The use of chemometric techniques, like multivariate 

analysis, has transformed the way that NIR spectroscopy 

data is analyzed. These methods enable the prediction of 

different sample properties and the simultaneous 

quantification of several analytes by extracting pertinent 

information from complex spectrum datasets. The 

accuracy and resilience of quantitative predictions have 

been improved by the successful application of machine 

learning algorithms, such as artificial neural networks 

(ANN), support vector machines (SVM), and partial least 

squares regression (PLSR), to NIR spectroscopy for 

spectral interpretation and calibration model 

development.
[18]

 

 

Applications 
NIR spectroscopy is used in the pharmaceutical sector to 

quickly analyze medication formulations for moisture 

content, blend uniformity, and content uniformity. 

 

NIR spectroscopy is used in agriculture for grain quality 

evaluation, crop monitoring, and soil analysis. 

Researchers and farmers can forecast crop yields, 

identify nutrient levels, and improve agricultural 

practices for increased sustainability and productivity by 

examining the NIR spectra of agricultural samples.
[19]

  

 

NIR spectroscopy is used in the food and beverage sector 

to analyze different components in raw materials, 

ingredients, and final products, such as moisture, fat, 

protein, and sugar levels. 

 

Future Directions and Challenges 

NIR spectroscopy continues to encounter obstacles and 

chances for improvement despite its broad use and 

notable breakthroughs. The requirement for reliable 

calibration models that can take sample variability, 

matrix effects, and instrumental drift into consideration 

is one of the difficulties. It can take a lot of time and 

resources to develop and maintain accurate calibration 

models since they involve considerable data gathering, 

preprocessing, and validation. Furthermore, there is 

potential for synergistic improvements and broader 

applications when NIR spectroscopy is combined with 

complementary methods like mass spectrometry, 

chromatography, and imaging modalities.
[20]

 

 

Advanced Analytical Techniques 

1. Nanotechnology in Pharmaceutical Analysis 

Nanotechnology is revolutionizing pharmaceutical 

analysis by improving the accuracy of molecular 

measurements and detections. The use of nanoparticles 

and nano-based sensors improves the sensitivity and 

specificity of analytical methods. The manipulation of 

matter at the atomic and molecular level called 

nanotechnology has had a significant impact on a 

number of scientific fields, including pharmacological 

analysis. Its use in this sector has prompted the creation 

of innovative methods that improve the detection, 

characterization, and quantification of medicinal 

ingredients in terms of efficiency, sensitivity, and 

precision. 

 

The purpose of this technique is to identify medicinal 

substances by using the unique optical, electrical, and 

magnetic properties of nanoparticles.
[21]

 

 

• Nanoparticles in Detection: Fluorescence and 

colorimetric tests use gold and quantum dot 

nanoparticles to detect traces of therapeutic drugs. 

 

• Nano-biosensors: These monitor metabolic processes 

and drug interactions in real time. 

 

2. Green Analytical Chemical science 
The goal of green analytical chemistry (GAC) is to 

reduce the negative effects of analytical processes on the 

environment. Because sustainable practices are 

becoming more and more important, this trend is 

becoming more popular. This strategy is in line with the 

larger push in research and industry for sustainability and 

eco-friendly methods. 

 

Reduced use of hazardous chemicals, waste reduction, 

energy efficiency, renewable resources, safer analytical 

techniques, miniaturization, and real-time analysis are 

the cornerstones of green analytical chemistry.
[22]

 

 

Chemical and energy usage are decreased with smaller 

instruments.  

 

• Eco-friendly Solvents: Ionic liquids and supercritical 

fluids are used as substitutes for conventional organic 

solvents. For example, non-toxic supercritical CO₂ can 

replace conventional organic solvents in chromatography 

and extraction procedures. Ionic liquids are non-volatile, 

recyclable, and used as catalysts or solvents to lessen 

environmental contamination.
[23]

 

 

• Miniaturized Methods: Reagent consumption and 

waste production are decreased using microextraction 

and microscale analytical methods. Use: Transportable 

instruments for point-of-care testing and field 

analysis.
[24]

 

 

3. Data Analytics and AI 
Artificial intelligence and data analytics are 

revolutionizing pharmaceutical analysis by enabling 

predictive modeling and handling large datasets.
[25]

 

 

Artificial Intelligence (AI) and Big Data 

Artificial Intelligence is revolutionizing pharmaceutical 

analysis by enhancing drug research and discovery 

processes. AI models are utilized to examine large 

volumes of data &detect prospective pharmaceutical 

compounds, and enhance clinical trial processes. This AI 

and big data integration enables more precise patient 

group identification, faster manufacturing processes, and 

predictive analytics. In the years to come, it is expected 
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that the application of AI in drug discovery would 

increase significantly.
[26]

 

 

Machine Learning for the Advancement of Analytical 

Methods 

Machine learning models are utilized to predict the 

stability of drugs, analyze complex datasets, and 

optimize analytical procedures. 

 

AI algorithms are used in predictive analytics to predict a 

drug's efficacy and shelf life under different storage 

conditions. 

 

Automated Method Development 
Artificial intelligence (AI)-powered software speeds up 

the creation and advancement of analytical methods. 

 

Big Data Analysis 

The enormous amounts of data created during 

pharmaceutical research and development may be 

managed and interpreted more easily with the help of big 

data analysis. 

 

Data Integration 
Compiling data from multiple stages of the drug 

development process to generate comprehensive 

viewpoints. 

 

Real-time data analysis: This enhances decision-

making by providing up-to-date information on quality 

control and the production process. 

 

4. Future Directions 

Pharmaceutical analysis is going to be shaped by the 

ongoing fusion of cutting-edge technology with eco-

friendly practices. 

 

• Personalized medicine: analytical methods created with 

the individual characteristics of each patient in mind to 

provide more effective therapies.  

 

• Blockchain Technology: ensuring data traceability and 

integrity in the pharmaceutical supply chain.
[27]

 

 

5. High-Resolution Mass Spectrometry 

Advances in mass spectrometry, particularly high-

resolution measurements, have made protein 

characterization faster and more precise. These 

developments reduce the time and costs associated with 

late-stage failures by detecting issues with drug 

candidates early in the development process. High 

sensitivity and fast scan times are crucial characteristics 

of modern mass spectrometers for preclinical research.
[28]

 

 

6. Automated and High-Throughput Technologies 
Analytical techniques such as the Dyna Pro Plate Reader 

II greatly increase throughput by allowing the 

simultaneous evaluation of hundreds or thousands of 

samples at once. Automation reduces labor-intensive 

tasks and increases the efficiency of drug development 

workflows.
[29]

 

 

7. Molecular Spectroscopy and Imaging 
Morphologically-Directed Raman Spectroscopy (MDRS) 

is a method that provides accurate information on 

particle size, shape, and composition by combining 

automated imaging with chemical identification. This 

approach ensures the consistency and security of 

pharmaceutical products and is highly beneficial for 

quality assurance and de formulation.
[30]

 

 

AI -Based Models & Imaging approaches in Raman 

spectroscopic Technique 

A multitude of compositional & structural information 

(such as biological compounds, polymeric substances, 

and nanocomposite) can be found in Raman- based 

analytical imaging, which are essential tools. 

Applications for artificial intelligence, particularly deep 

learning techniques, include imaging (chemical imaging, 

biological imaging), analysis (spectrum analysis, 

material categorization), and preprocessing (spectrum 

denoising).
[31]

 

 

To improve the quality of spectral data, deep learning 

models like CNNs and autoencoders can extract signals 

from noisy spectrum data.
[32]

 Deep learning models can 

also be trained to analyze chemicals both qualitatively 

and quantitatively by recognizing certain signal peaks 

within the spectral data & connecting to specific 

constituent compounds. 

 

CNNs  
Visual imaging analysis makes substantial use of CNNs, 

a subset of deep learning models that are mostly 

composed of convolution, pooling, and fully connected 

layers.
[33]

 Artificial intelligence has been transformed by 

CNNs' unique architectural design and exceptional grid-

like data handling capabilities. However, a large amount 

of labeled data is required for training, which can impair 

performance in areas with insufficient data. 
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Figure – 1: One-dimensional convolutional neural networks (1D-CNNs) architecture. 

 

In order to identify different scales of feature patterns for 

a given Raman spectroscopy dataset, the convolutional 

layer applies convolution operations to the input data 

using convolutional kernels. This facilitates the 

extraction of local features while maintaining 

information about spatial organization. The 

convolutional kernel of a 1D-CNN gathers features at 

various locations using a single dimension of the input 

data, typically time series or spectral properties. By fine-

tuning the kernel weight parameters, the convolutional 

layers may effectively extract features. This enables them 

to record the input peak data and frequency shift 

patterns.
[34]

 

 

Pooling layers, such max and average pooling, are 

applied after convolutional layers in Raman spectroscopy 

analysis to lower computing complexity and data 

dimensionality. While maintaining the fundamental and 

discriminative characteristics required for the best 

pattern recognition and generalization performance, this 

down sampling procedure reduces the convolutional 

output. 

 

Fully connected layers at the model's terminal layer link 

specific category probabilities to the features extracted 

from the convolution and downsampling layers. By 

appropriately merging and altering the representations 

derived from the preceding layers using weight matrices, 

fully linked layers generate classification or regression 

results. Activation functions such as ReLU, Sigmoid, and 

Tanh apply non-linear activation at each neuron output to 

meet the complexity of the input data and contribute non-

linear properties to the model.
[35]

 

 

GANs (Generative Adversarial Networks) 

While the Discriminator in GANs tries to discern 

between the synthetic and real data, the Generator 

produces data that closely mimics real data. This method 

has been used extensively in Raman spectroscopy for 

applications such as anomaly identification and data 

augmentation. The generator learns from these disparities 

to enhance the creation of realistic data, while the 

discriminator separates datasets according to differences 

between created and real fs.
[36]

 

 

Both the discriminator and the generator participate in an 

ongoing adversarial process, both getting better by 

competing with the other, in order to provide high-

quality synthetic outcomes. Training convergence is 

complicated by their linked loss functions, which make it 

hard to tell when the model is performing at its best. 

 

An strategy to addressing spectrum mismatches between 

instruments, which frequently lower model accuracy, is 

cycle-GAN-based Raman spectroscopy model 

transfer.
[37]

 With a cosine similarity of over 99%, this 

framework demonstrated broad flexibility across several 

analytical systems by successfully transferring spectral 

data between domains. 

 

GAN-powered super-resolution technique to boost the 

signal-to-noise ratio and improve Raman interferometry 

imagery.
[38]

 By efficiently converting low-resolution 
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interferometry data into high-resolution pictures, this 

technique makes it possible to create small, portable 

systems that are appropriate for real-time Raman testing. 

 

Bidirectional GAN model combined with near-infrared 

spectroscopy for multi-class drug classification. This 

technique boosts regression model performance through 

data augmentation, helping to overcome the issue of 

inadequate training data.
[39]

 

 

Graph Neural Networks (GNNs) 

Graph Isomorphism Networks, first postulated in the 

1970s, served as the basis for contemporary graph-based 

neural models, especially those based on Minsky's 1975 

perceptron concept.
[40]

 

 

Learning meaningful representations of graph-structured 

data, which are made up of nodes (vertices) and the 

edges (links) that connect them, is the primary goal of a 

GNN.
[41]

 Despite their efficiency, GNNs require a lot of 

processing power because training entails intricate 

matrix operations and message-passing protocols. 

Maintaining real-time efficiency in real-world 

applications becomes challenging when graph size 

increases due to the corresponding rise in processing 

costs.
[42]

 

 

GNNs encompass several components 
Message passing strategies, graph convolution, node 

feature encoding, pooling, graph readout, and multi-layer 

perceptrons (MLP).
[43]

 The core function of GNNs is 

message passing, where each node collects information 

from the nodes around it. This procedure typically 

consists of two primary operations. The first is 

information gathering, where nodes inquire about 

information from their neighbors. This can be done in a 

number of methods, such as weighted summation, simple 

feature concatenation, and more complex 

transformations.
[44]

 The other is node update, when nodes 

modify their feature representations based on the 

information they have collected. Usually included is a 

learnable transformation, such as one or more fully 

connected layers (sometimes called neural network 

layers).
[45]

 

 

Transformer model  
A popular deep learning framework for applications 

containing sequential data, particularly in natural 

language processing (NLP) and biological data 

interpretation, is the Transformer architecture, which 

uses a self-attention mechanism.
[46]

 It is made up of two 

main parts: a decoder that creates the matching output 

sequence and an encoder that analyzes and encodes the 

input sequence.
[47]

 In order to enable meaningful data 

interpretation, the encoder converts the input data into a 

continuous feature representation. The Transformer's 

intricate multi-layered architecture enables it to leverage 

techniques like residual connections and multi-head 

attention to examine input sequences efficiently.
[48]

 

 

By comparing the relationships between each pair of 

elements, the Transformer's self-attention mechanism 

allows the model to capture long-range dependencies 

within a sequence.
[49]

 Attention weights, which indicate 

the strength of the relationships between various 

sequence elements, are calculated by the process. The 

final attention representation is the result of the 

combined outputs of several attention heads that are used 

to extract various kinds of contextual information.
[50]

 

 

The model can learn global dependencies and detect 

minor fluctuations in data by choosing focusing on 

pertinent portions of the input through this procedure. 

This is especially helpful in applications like spectral 

data analysis.
[51]

 Performance is further improved by the 

multi-head attention method, which integrates data from 

many representation subspaces to enable more precise 

identification of overlapping signals.
[52]

 

 

The Transformer uses positional encoding, which adds 

sinusoidal functions that correspond to various 

frequencies into the input representation, to preserve the 

sequence's elemental order.
[53]

 The model gains a better 

understanding of positional relationships in the data 

because to this encoding. Furthermore, each self-

attention layer is followed by feedforward networks, 

which carry out non-linear transformations and aid in the 

extraction of deeper features.
[54]

 Incorporating residual 

connections between layers also aids in addressing 

problems like the vanishing gradient issue that arises 

during deep network training.
[55]

 

 

CONCLUSION 

Near infrared (NIR) spectroscopy is a flexible and 

essential analytical technique that is widely used in many 

different industries, such as pharmaceuticals, agriculture, 

and food testing. It provides quick, non-invasive insights 

on the characteristics of molecules. Innovation in 

molecular analysis has been made possible by recent 

developments in instrumentation, data analysis, and 

applications, which have increased its capabilities. 

 

Pharmaceutical analysis has become much faster, more 

accurate, and more sensitive with the use of advanced 

analytical tools as LC-MS, GC-MS, Raman 

spectroscopy, NIR spectroscopy, UHPLC, LC×LC, and 

hyphenated procedures. Pharmaceutical analysis is 

getting better thanks to developments in AI, green 

chemistry, and nanotechnology. An increasingly 

important analytical technique in drug discovery and 

pharmaceutical procedures is Raman spectroscopy. Drug 

molecular structure analysis and component 

identification using this method's high sensitivity and 

resolution speed up the development of novel drugs and 

improve quality control effectiveness. Additionally, the 

ability of Raman spectroscopy to monitor pharmaceutical 

processes in real-time ensures process efficacy, safety, 

and uniformity in final product quality. 
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Traditional analytical chemistry has been transformed by 

the use of deep learning technologies in chemometrics. 

Chemometrics has greatly enhanced data processing, 

feature extraction, and model optimization by utilizing 

deep learning models including CNNs, LSTM, GANs, 

GNNs, and Transformer models. 

 

Deep learning algorithms reduce human feature 

engineering work by processing high-dimensional and 

large-scale datasets. Chemometric analysis is accelerated 

by deep learning algorithms, which automatically 

recognize complex patterns and features in the data. 

Direct feature extraction from raw data, including 

spectral data, is a remarkable strength of CNNs and other 

deep learning models. These characteristics improve the 

models' robustness and prediction accuracy by more 

correctly capturing crucial chemometric data. 
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