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As classified by types
• Residual solvents
• Inorganic components
• Organic components

Active pharmaceutical ingredients (API) are 
mostly produced by organic chemical synthesis

As classified by origins
• Starting materials
• Intermediates 
• By-products 
• Reagents
• Ligands
• Process degradation products



Drug substance specification in ICH Q6A:

”A specification is defined as a list of tests, references to analytical 
procedures, and appropriate acceptance criteria, which are numerical 
limits, ranges, or other criteria for the tests described.”

Guidance in ICH Q11:

“Impurities are an important class of potential 
drug substance CQAs because of their 

potential impact on drug product safety.”

Which impurities should form part of the drug substance 
specification is decided on a case-by-case basis



Analytical techniques for detection of impurities
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High-performance Liquid Chromatography (HPLC)

Gas Chromatography (GC) – volatile components

Mass Spectrometry (MS) – high specificity/sensitivity

Capillary Electrophoresis (CE) – charged compounds 
(ions, amino acids, proteins)

NIR/Raman Spectroscopy – Non-destructive, testing 
during solid dosage forms, no need for sample preparation

6 Process Analytical Technologies (PATs)



PATs for drug 
manufacturing



“Analyzing” equates to in situ analytical tools, and it 
includes many measurement and instrument types

FDA’s PAT definition

ü more frequent and automated measurements
ü expanding capabilities for real time process control
ü measure process components with a minimum of 

perturbation



Process 
understanding

PAT 
measurement

+ Correlated with 
“Critical Quality 

Attribute (CQA)”

ü Provide measurements that are difficult with standard off-line techniques

Highly 
hazardous 
materials

High 
pressure 

High or low 
temperature 

systems

Transient 
intermediates
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Implications of PATs in continuous manufacturing

• To demonstrate the process is in 
steady state, for use as an in-
process control
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Method workflow
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Analytical tools to provide the desired data for API manufacturing



Chanda, A. et al. (2015). Organic Process Research & Development, 19(1), 63-83.

Case study I: FTIR for Improved Product Quality and Increased 
throughput in Batch Process

• Reaction of an enantiomerically 
pure starting material to form an 
enantiomerically pure product

• Formation of degradants of the 
product due to hold time

• Importance of real time or near 
real time measurements

• Off-line (HPLC) IPC in a GMP 
environment, a minimum 4 h 
turnaround time
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Case study II: Mass Spectrometry

• Monitoring CO2 levels in situ to understand and optimize the process
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Case study II: Mass Spectrometry

• Use of PAT led to understanding 
on formation and control of an 
impurity, while accounting gas 
liquid mass transfer



Chanda, A. et al. (2015). Organic Process Research & Development, 19(1), 63-83.

Case study III: Online HPLC To Monitor and Control a 
Continuous Process

• Sampling device was 
developed and to interface 
the reactor to the HPLC

• On-line HPLC enabled 
rapid purity analysis at 
multiple sample points in 
near real time



Bristow, T. W., et al (2014). Journal of The American Society for Mass Spectrometry, 25(10), 1794-1802.

Recent advances in on-line monitoring with analytical tools

Microsaic 4000 MiD & Future Chemistry Flow Start EVO chemistry system

• Portable mass spectrometers
• Challenging due to high concentrations of reagents and products
• Sample transfer from the flow reactor is achieved using a mass rate attenuator (MRA) and 

make-up flow from a pump to prepare samples for electrospraying



Recent advances in on-line monitoring with analytical tools
• Portable mass spectrometers
• Tracking impurities from the Hoffmann rearrangement 

Bristow, T. W., et al (2014). Journal of The American Society for Mass Spectrometry, 25(10), 1794-1802.



Recent advances in on-line monitoring with analytical tools
• Benchtop NMR

Maschmeyer, T., et al (2023). Magnetic Resonance in Chemistry.



Recent advances in on-line monitoring with analytical tools
• Benchtop NMR
• Reaction trends with higher data density can be acquired with on-line continuous-flow analyses

Maschmeyer, T., et al (2023). Magnetic Resonance in Chemistry.



Recent advances in on-line monitoring with analytical tools
• In-line Fourier-transformed infrared and Raman spectroscopy
• PAT and its real-time process monitoring ensures final product quality.

Miyai, Y., et al (2021). Organic Process Research & Development, 25(12), 2707-2717.



Recent advances in on-line monitoring with analytical tools
• In-line Fourier-transformed infrared and Raman spectroscopy
• PAT and its real-time process monitoring ensures final product quality.
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In-line purification during upstream API synthesis

Weeranoppanant, N et al. (2019). ACS Medicinal Chemistry Letters, 11(1), 9-15.



In-line purification during upstream API synthesis

Adamo, A.et al.  (2016). Science, 352(6281), 61-67.

• Facilitate multi-step flow synthesis integration
• Removing any incompatible intermediate/impurities



Concluding and outlook

• Importance and workflow of PAT implementation
• Case study of real-time analysis of impurities 
• Advances of on-line monitoring to ensure product qualities
• In-line purification as an enabling tool for continuous drug 

manufacturing 
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