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some of the greatest dangers and threats encountered by 

the pharmaceutical industry globally are issues of 

falsification, counterfeiting, adulteration, incapability and 

fraudulence.

These issues have a negative impact on patients and are 

not beneficial for curing the target disease due to their 

reduced efficiency. 

This threat causes a loss in confidence in pharmaceutical 

products, health care providers and the health system in 

general.





Botox-A Popular Example of Drug Counterfeiting 



Applications in Pharmaceuticals

 Identification and authentication of Active Pharmaceutical 

Ingredients (APIs)

 Detection of counterfeit or substandard medicines

 Uniformity testing of tablets and content analysis

 Monitoring the coating thickness and distribution in tablets

 Real-time Process Analytical Technology (PAT) integration



Why Non-Destructive and Rapid Drug Analysis ?

 Non-destructive methods preserve the sample, which is 

valuable for rare or expensive drugs.

 They offer real-time results, critical for inline process control.

 These techniques eliminate the need for sample preparation, 

reducing analysis time and costs.

 They allow testing without opening the packaging, which is 

essential in tamper-evidence and counterfeit detection.



Raw material identification

In the pharmaceutical industry, raw materials are the starting 

point of every processing or manufacturing campaign. The 

incoming materials are first stocked in a quarantine area for 

approval before processing. Acceptance of the materials then 

requires conducting several analytical tests in respect of the 

recommendations given by pharmacopoeia monographs. 

These (often destructive) analytical tests are performed in QC 

laboratories (sometimes located far from the manufacturing 

plant) .



Fentanyl



Introduction to NIR and Raman





Basics of NIR Spectroscopy



Molecular Vibrations and Absorption



Instrumentation in NIR



Advantages of NIR Spectroscopy

Quantitative Precision: NIR Spectroscopy is distinguished by its 

capability to quantify specific substances with exceptional precision. 

This includes the quantification of substances like heroin, 

THC/CBD, and MDMA, showcasing its versatility in various fields.

Safety First: The use of low-energy radiation eliminates safety 

concerns for both operators and samples. This safety feature makes 

NIR Spectroscopy an attractive option, especially in environments 

where minimizing risks is paramount.

Many physicochemical parameters of pharmaceutical products can 
be analyzed quantitatively using NIR spectroscopy such as particle 
size, hardness, dissolution rate compaction force and water content 
among others



Basics of Raman Spectroscopy



Raman Scattering Explained



Comparison of NIR vs Raman











Advantages Over Traditional Techniques

 No sample destruction or chemical reagents needed

 Portable and handheld devices are available

 Quick results (often within seconds)

 Easy to automate and integrate with manufacturing 

lines



Challenges in Implementation

Despite their strengths, both techniques have limitations:

NIR: Susceptible to moisture interference.

Raman: Affected by fluorescence in some compounds.

Both require chemometric calibration and reference libraries for 

accuracy.



Future Trends

Handheld NIR/Raman devices will be standard tools in 

pharmaceutical manufacturing.

Cloud-based data sharing and AI-driven pattern recognition 

will enhance real-time decision-making.

These techniques will enable personalized medicine, 

tailoring drug dosages to individual needs.



Conclusion

NIR and Raman spectroscopy are not only transforming 

quality control but also providing a pathway to smarter, 

faster, and safer drug manufacturing. Their non-

destructive nature, speed, and flexibility make them ideal 

tools for modern pharmaceutical challenges.
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