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The main topic of this lecture:

The invisible world in my infrared eyes
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Herschel’s experiments
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Coblentz’s experiments
(the IR fingerprint)
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Developing of instruments:
from the military usage...
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Developing of instruments:
... to civil applications

e
. e NIR 2007 Asnort
B | Umei(sy move’
s A
> painting (IDRC 2002
| H.0" onwhite | | Baltimore,
paper by hospital ship)
http: v newsweek com/2015/01/16/making- blood-draws-easier-friendlier-neede-296317 htmi 8

That s why.
we can

Vibrations of molecules

Theory of Infrared Spectroscopy
/‘\~ e bending (deformation)
[, changes in angle of bonds

symmetric stretching
changes in length of bonds

asymmetric stretching
changes in length of bonds

Paradigm

wman | The spectrum is the sum total of changes of states:

milentium chemical AND physical ,fingerprint”




Moisture content below 0.5% vs. NIR
(artificial fertilizer, 15t test)
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Bonds have a vibrational “answer”
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A quick example for NIR spectra
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Gergely S., Farkas K. Forgécs A, Salgo A Quantiative and qualtative differentiations of alcoholic beverages by near Infrared spectioscopy!3

In Near Infrared Speciroscopy: Proceedings of the 11t nternational Conference,
Ed by Davies AM.C_ Garrido-Varo A NIR Publications, Chichester, pp_563-572 (2004).

»chemical and physical ,,fingerprint”«

Plate 1. the A, s than 0.125 men; B, 0.25-0.50 mm; and C, 1.0-2.0 mm.
Dahm D.J, Dahm K.D.: The Physics of Near-Infrared Scatterin "
In Near-{nfrared Technology in the Agriculture and Food Industries,
Ed by Willams P_Norris K. Association of Cereal Chemists Inc_St Paul pp 1-17 (2004)
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»chemical and physical ,fingerprint”«

Plate 2. All three containers have pulverized glass with particles les than 0.125 mim. The media surrounding the particles are A, air, n, = 1.0; B, water,
;= 133; and C, mineral oil, m, = 1.48.

Dahm D.J, Dahm K.D.: The Physics of Near-Infrared Scattering 1
In Near-{nfrared Technology in the Agriculture and Food Industries
Ed by Willams P__Norris K. Association of Cereal Chemists Inc._St Paul_pp_1-17 (2004)




Particle size vs. NIR

Alg(1/R)

Hullimhossz (nm) .

How we can measure? — 3-in-1 ‘
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How we can measure? — NIR LEDs
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How we can measure? — NIR LEDs

How we can measure? — NIR lasers
(tunable)

sorting of
watermelon

How we can measure? — NIR lasers
(tunable)
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Step by step — (1Q)Q = 1Q? e

(overlapping:

o |dentification
o Who are you?
searching for sharp spectral differences
correlation, Euclidean distances etc.
e Qualification
o Where do you belong to?
define subpopulation based on more fine differences

= principal component analysis (PCA), Mahalanobis
distance etc.

(\g( o Quantification
3 » How many?
i} calibrations with reference parameters
1‘“ partial least squares (PLS) method etc.
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Overview of calibration and validation

e Main elements:
o ¥ well-defined sample sets
. * accurate reference methods
. * reliable spectroscopic tools
. -ﬁ- exact mathematics and chemometry
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Overview of calibration and validation
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Calibration

independent
sample set,
cross-validation

Analysis of reference data

Never forget.
the reference.
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trial
and
error

(next siide)
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Mathematical pretreatments
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Analysis of reference data
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Mathematical pretreatments
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Filtering of spectra (outliers),
searching for patterns
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Drugs - building spectrum library

s
65 products, 390 batches
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Alcoholic/hard drinks — searching for
patterns (PQS)
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Because.
NIR s quick

From ,,off-line” to ,in-/on-line” i

ctive

B

Guidance for Industry
PAT — A Framework for
Innovative Pharmaceutical
Development, Manufacturing, ,[...] These measurements can be:
and Quality Assurance .
) at-line:
Measurement where the sample is removed, isolated from,
and analyzed in close proximity to the process stream.
on-line:
Measurement where the sample is diverted from the manufacturing process,
and may be returned to the process stream.
in-line:
Measurement where the sample is not removed from the process stregm
and can be invasive or noninvasive [..J"

The Process Analytical Technology
(PAT) tools

& within it: research fields of our academic group

In order to implement a successful PAT project, a combination of
three main PAT tools is essential
o Multivariate data acquisition and data analysis (MVDA) tools

» Usually advanced software packages which 1) aid in design of experiments
(DoE), 2) collection of raw data and 3) statistically analyzing this data in order
to determine what parameters are Critical Process Parameters (CPP).

e Process analytical chemistry (PAC) tools
o In-line and on-line analytical instruments used to measure those parameters
that have been defined as CPP. These include mainly near infrared spec-
troscopy (NIRS); but also include biosensors, Raman spectroscopy etc.
e Continuous improvement and/or knowledge management tools

» Software packages which accumulate Quality Control data acquired over time
for specific processes with the aim of defining process weaknesses and
implementing and monitoring process improvement initiatives.

ICH Q10 approach of PAT

50 we need

& within it: research fields of our academic group | ™
multivariate
data analysis
(MVDA)
[calculating, solving]
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Yes, itis
breakable.
(

How we can collect spectra?
The theory ...

trasmittance (T) diffuse reflectance (R) transflectance (TR)

tényforras

&) tenytorrss

optikai elem
7

refletaid felliet

tényforrés ®I deteidor

~C®

detekior

-~

attentuated total reflectance (ATR)

/W\m R
4] ATR kristély
fénytorés detektor a

How we can collect spectra?
... and the practice (with probes)
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An example: from cuvette to tank
scaling-up from 1 mL to 5000 L
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An example: from cuvette to tank
scaling-up from 1 mL to 5000 L
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From ,,off-line” to ,,in-/on-line”

off-line / at-line on-line / in-line

OPC, modbu Source =
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‘ the same optics = quick calibration transfer

operating
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Buhler AG: NIR Multi O
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Industrie 4.0 — here we are
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Industrie 4.0 — resulting...
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Macro/micro imaging
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Tablets — NIR microscopy
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Package materials — ,,as is”

Péter GORDON / BME EFI-Labs

Package materials — light microscopy
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Package materials — IR microscopy

Package materials — identification
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Package materials — identification
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Package materials — identification
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Biodegradable polymers (TPS/PLA)

Biodegradable polymers (TPS/PLA)
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Thank you
for your kind attention
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