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Introduction

Efficient formulation development is achieved by
a focus on excipients, technologies and
processes

Characterisation of excipients and possible
interactions with active and other excipients is
an important activity

Near Infrared spectroscopy is a versatile holistic
tool for observation of excipients and their
interactions
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Topics

• Near Infrared (NIR) spectroscopy

• Multivariate classification methods

• Overview and classification of modified
celluloses

• Designed excipient variations in formulation

• Quantification of excipient properties
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Why Characterization  and Quality
Control (QC) of excipients?

• Development

• Design product that is robust to excipient variation

• Define outer limits for excipient properties and composition
variation

– Select excipient batches with large variation, use in Design of
Experiments for product properties

• “Know how” about the formulation properties

• Stydy excipient-process variations at process scale up

• Production

• Is this the right raw material?

• Is this the right quality (chemical, physical)?

• Will the final product be OK using this material?

• When to measure, at reception, at dispensary, or both
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Near InfraRed = NIR
• Overtones and combinations from molecular

vibrations

800 - 2500 nm or

12500 - 4000 cm-1

• Modes: diffuse reflectance (log 1/R), or
transmission (A)

• Good response for organic molecules

• NIR absorption by vibrational overtones and
combinations from -CH -OH -NH -SH -C=O
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What can be analysed by NIR ?

• Samples
• Solids, Liquids, Gases
• Organic substances, quantitative, qualitative,

e.g. excipients
• Properties, both physical and chemical

• Particle size (pellets, powders)
• Degree of compression (e.g. tablets)
• Sensitive to –OH

– Modified and plain celluloses
– Water content
– Secondary effects: e.g. salt content (salinity) in water

• Polymorphs
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NIR applications for excipients
• Identity check and control of solid and liquid excipients
• Support for certification of excipients
• Characterisation of excipients
• Thickness of different layers in pellets and tablets
• Moisture content in pellets and tablets, water as softening

agent
• Excipient homogeneity in e.g. tablets

• Monitoring and process feed-back (At-, In- and On-line)
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Evaluation of NIR data
• Broad and few selective bands

• Multivariate analysis
– Principal Components Analysis (PCA)

– Overview and qualitative use

– Partial Least Squares (PLS)
– Qualitative and quantitative use

• Spectral pre-treatment to e.g. adjust balance between
particle and chemical properties:

– Standard normal variate transformation (SNV)

– Derivatives

– .......
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Principal Component Analysis (PCA)
Var. 3

Var. 1

Var. 2

p1

p2
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Each spectrum is
represented by a
point

Search for the direction
with largest variation (first
component)

The second component is
orthogonal to the first and
capture as much variance
as possible
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Classification of raw materials

• Eleven chemically modified celluloses
– CAP CMC

– EC EHEC

– HEC HPC

– HPMCAS HPMCP

– HPMC MCC

– MC
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Soft Independent Modelling of Class
Analogies (SIMCA) classification method

• One PCA model for each class

• Determine limits for each PCA model

• Can handle the asymmetric case
• Samples that don’t belong to the class do not form a

separate group but are spread all over the space.

• It is enough to have one class to use SIMCA

• Additional classes can be added
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Limits for similarity

• Chemical – large differences, set limits to discriminate closest
neighbours, excipient vendors may need separate classes
(identification)

• Physical – usually smaller differences, use DoE alt. handle
lack of ”bad” batches by limits at most distant known good
excipient batch and update model when new more distant
good batches are coming in (qualification)

• NIR with chemometrics can visualize very small variations.
Remember that all those variations may still be within the
product specification.

Similarity can be measured on different levels e.g. chemical,
physical, vendor, grade, etc... The same PCA algorithm can be
used in all cases but with different strategies to set the limits.
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Limits, when and how
• We can measure both physical and chemical

variations,
• but, variations especially in physical parameters may not

be connected directly to product quality

• Design of Experiments (DoE) is the better way to
verify impact on product quality and define process
limits

• We have to be able to handle updates of trend limits

• The use of residuals that are normalized to the model
variation reduces the need to update limits



7

19 

-1.00

-0.80

-0.60

-0.40

-0.20

0.00

0.20

0.40

0.60

0.80

-1 0 1 2

t[
2

]

t[1]

818_3819_3

8_10_1
8_10_2

8_10_3

8_11_1
8_11_2

8_11_3
8_12_1

8_12_28_12_3

8_13_18_13_28_13_3

8_14_1
8_14_2

8_14_3
8_15_18_15_28_15_38_16_18_16_28_16_3

8_16_LT

8_17_18_17_2

8_18_18_18_2
8_19_18_19_2

8_1_1

8_1_2
8_1_3

8_20_1

8_20_2

8_20_3

8_21_18_21_2

8_21_3

8_22_18_22_2
8_22_3

8_23_1
8_23_28_23_38_24_1

8_24_2
8_24_3

8_25_1
8_25_28_25_3

8_2_1

8_2_28_2_3

8_3_18_3_2

8_3_3
8_4_1

8_4_28_4_3

8_5_1

8_5_2
8_5_3

8_6_1

8_6_2
8_6_3

8_7_18_7_2

8_7_3

8_8_18_8_2
8_8_3

8_9_1
8_9_2

8_9_3

Selection of batches (HPMCP)
  for experimental design in formulation development

20 

How many batches are needed for a
classification model ?

Model residual vs
number of batches

Number of batches
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Partial Least Squares (PLS) a projection of spectra (X)

connected to concentrations (Y)

Y

• The projection of 2 dependent data tables
• A linear model connects X and Y
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Quantitative calibration by PLS

• Gives quantitative values, eaiser to correlate
directly to chemistry

• Has residuals as builtin quality estimate of
spectra

• Residuals can be used for identity as in PCA

• Facilitates understanding - the connection of
spectra with parameters is a way to test if
expected properties are consistent with
spectral variations
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Functional groups that can be detected  in
NIR-spectra
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Large residual:
sample placed
in climate
chamber with
25 C and 80 %
humidity

• 8 samples from this climate 25C/80%  had ª7 times larger residuals
• One HPMC sample gave 40 times more residual variance
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Spectral PLS residuals indicate
physical and chemical differences
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Concluding remarks

NIR spectroscopy is useful for overview of variations,
classification, characterisation, trend analysis and
homogeneity of excipients

NIR is only one analytical technique - combine with
others for full information

NIR with multivariate data presentation for overview and
characterisation is an important tool to develop
product knowledge both in early formulation and in
the production situation


