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I. Raman mapping

� It’s not just about Raman spectroscopy!!!

� It also contains spatial information at micron-scale

� A large number of spectra were collected from different 

points on sample surface pre-defined by a 2-D matrix

� Sample was on an automated XYZ moving stage
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� Drug substances are mostly Raman active and stronger 

than excipients



Raman microscope and mapping

� Wavelengths: 633nm and 780nm

� Raman shifts: 68cm-1 up to 3908cm-1

Very large 
sampling 
number 

X

Y

Micron sampling 
volume
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� Raman shifts: 68cm up to 3908cm

� Objectives: 10×/0.25, 20×/0.40 and 50×/0.75

� Automated XYZ moving stage (0.1µm steps)
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Data processing 

� Baseline correction

� Normalization

� 2nd derivatives

Univariate analysis 

Raw Raman 
mapping data 
as collected 

Pre-processing

Multivariate analysis 
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Univariate analysis 

approaches

Multivariate analysis 

approaches

� Based on unique peaks such as 

peak intensity, intensity integral, 2nd

derivatives, etc.

� Simpler and time efficient

� Easy to use

�Mathematic modeling/data processing

� Complicated and take longer time developing 

the model

� Difficult to use



Raman chemical image

APIExcipientPhoto
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Identification of each component in sample 

Detection of components spatial

distribution

API particles size/shape 



II. Advantage of Raman mapping

Amount of materials for measurements is very small

Detection is non-invasive so that tested samples can be re-used-cost effective

Strong ability to discriminate slightest differences in the formulated samples 

due to very small sampling volume (micron-scale)

Higher sensitivity - lowest LOD/LOQ in comparison to other ordinary 

technique, such as Macro-molecular spectroscopy (Raman/IR, FT Raman/IR, 
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technique, such as Macro-molecular spectroscopy (Raman/IR, FT Raman/IR, 

XRPD, 

and DSC, Hyper-DSC, GVS and TGA, etc

Detection/quantification of API or physical form impurities down to 

50ppm/0.01%



III. Case studies
To confirm the API physical form in the products to support license application 

To demonstrate the capability of detection and quantification of physical form 

impurities, if any different from the input, in the products to support

license application

To discriminate the slightest differences in the formulated products to support

R&D and QbD

API quality control with respect of physical form impurity
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API quality control with respect of physical form impurity

(like chemical impurity by HPLC) 

To identify the patented form presented in the generic products against

patent infringement

Lowest LOD/LOQ (down to 50ppm/0.01% w/w) in comparison to 
other ordinary techniques, such as Macro-molecular spectroscopy,

XRPD, and DSC, Hyper-DSC, GVS and TGA, etc
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No evidence of form changes of API during manufacturing and storage

under stress conditions

Potential physical form impurity identified, which is at small

Amount (<0.1% w/w) and should not deteriorate the 

therapeutic performance of the product (like acceptable

chemical impurities by HPLC)  
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Most API presented in the product as the Form re-crystallized from amorphous

as designed under proper control

Small amount of API form impurities (Form 2 and 4)  Identified

Further studies are needed (change control or 

evaluate the impact of form impurities)  



Detection and quantification of form impurities (<0.1% w/w)

Detection & linear quantification of crystalline API in amorphous formulations at 

y = 6.15x - 0.19
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Detection & linear quantification of crystalline API in amorphous formulations at 

sub-percent (<1% w/w) (physical impurity test like chemical impurity by HPLC 

Using univariate analysis approaches and hence time-efficient

1. JP Wu, J Raman Sepctrosc, 44, 1578-1586 (2013), ‘Linear quantification calibration of 

crystallinity based on a simple univariate analysis of binary chemical images by selecting a 

threshold to define the sampling depth in Raman mapping’

2. JP Wu, J Raman Sepctrosc, 45, 686-695 (2014), ‘Linear quantification calibration of crystallinity 

at subpercent and its evaluation based on spectral and spatial information inherited in Raman 

chemical images’



API physical form purity
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Detection & linear quantification of API form impurity

at sub-percent (<1% w/w) (physical impurity test

like chemical impurity by HPLC 
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Dry powder inhalation formulations

Detection of micronized crystalline API in DPI

Confirmation of the form of micronized crystalline API-anhydrous

Other general techniques such as XRPD, thermal methods, etc., can not even detect 

micronized crystalline API at all, let alone determination of its physical form

Technical issues to protect unstable anhydrous form

 280

Anhydrous
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Thank you!

Any questions?

We welcome co-operations!
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Dr Jianping Wu
Principal Scientist/Team Leader

Jianping.wu@pharmaterials.co.uk
Or chesslw@yahoo.co.uk

You can also find me at linkedin


