Spektrometrie
v blizké infracerveneé oblasti

Pavel Matéjka



NIR spectrometry

molecular absorption/reflection spectrometry

non-destructive method used in process
analysis, QC/AC

practical method that can replace more
expensive, more time-consuming and more
laboured methods — GC, HPLC, titrimetry

relatively fast method for a routine use in
technological applications



NIR spectrometry

* qualitative information — NIR libraries —

identification of pure substances and/or check of
pre-defined mixtures

— pharmaceuticals, polymers etc.

* quantitative analysis — multivariate calibration
models

— multi-component analysis - organic, inorganic



NIR spectrometry
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NIR spectrometry

* relatively broad bands — overtones and
combination bands
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NIR spectra

Combination

1st Overtone

2nd Overtone

3rd Overtone

Wavenumbers (cm-1)




NIR spectra
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Second Overtone Region Combinations
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NIR/MIR spectra intensities

<+ the intensities are decreasing with increasing

frequency / wavenumber
.1 Polystyrene - MIR
- Polystyrene — NIR
1 common scale
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Schéma filtrového NIR spektrometru
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Filtry ve filtrovém spektrometru funguiji jako
selektory vinovych délek. Propoustéji
pouze urgéité vinove délky ze spojitého
zareni zdroje. Propousténé vinove délky jsou
vybirany experimentalné podle toho, v které
oblasti spektra absorbuje napf. protein.
Pokud se méni matrice vzorku, je obtizné
optimalni sestavu filtrd experimentalné
definovat.




Schéma disperzniho NIR spektrometru
s pohyblivou mrizkou
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Moving Grating

BéZné rozliSeni 2 nm odpovida pfiblizné vinoétu 16 cm-?
(u 1650 nm je to cca 7 cm-', u 950 nm je to cca 24 cm-').
Hlavni nevyhodou posuny vinoc¢tové osy v dusledku
mechanické slozitosti systémdu.




Schéma disperzniho NIR spektrometru
s pevnhou mrizkou

Broadband Energy IS
(White Light) Detection
.-;:-‘.,5._

Stationary Grating

Diodové pole detektoru DA 7200 ma 256 bodu,
coz pfi rozsahu snimani 950 — 1650 nm umoznuje
nominalni rozliSeni 6 nm. VySe zminénych 6 nm
odpovida priblizné 50 cm' (u 1650 nm je to cca 21
cm', u 950 nm je to cca 72 cm1).




FT NIR spectrometry —
instrumentation Nicolet

ANTARIS



FT-NIR spektrometry Antaris

Antaris || ™

Antaris MX ™

Antaris EX ™

Antaris Target ™




Autosampler MultiPro a RS

Prislusenstvi pro
iIntegracni sféru

— Difuzni reflexe
Praskove vzorky
30-60 pozici vzorku
Vymenitelny karusel

Automaticka detekce
chyb

Analyzator tablet



Sample Cup Spinner

* Meéreni spekter
heterogennich vzorku

- Vzorky s ménici se
distribuci Castic

- Hrubozrnné materialy
- Granulované vzorky

* Eliminuje potrebu
mereni nekolika
spekter za stejného
vzorku




Sample Cup Spinner

e Vzorek umistéeny do
vzorkovaci nadobky
pomalu rotuje nad
NIR paprskem
— Kontinualni méreni

behem rotace vzorku

* Doplnkové zarizeni k
modulu s integracni
sférou

e Difuzneé reflexni
mereni




FT NIR spectrometry —
instrumentation Bruker




NIR spectrometry — instrumentation

various probes for technologies




Schéma hlavni komponenty NIR spektrometru
Antaris Target

zdroj zareni,
InGaAs detektor,

Fabry-Perot(v
interferometr

justovatelna zlata zrcadla a
cocky

opticka zakladna z nitridu
hlinitého

| optickeé vlakno
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SLED a Fabry Perotuv interferometr

e zdrojem je miniaturni polovodicovy zdroj zareni - SLED (Superluminescent
Light-Emitting Diode) — predpokladana zivotnost 25 let.

e Fabry Perotlv interferometr byl navrzeny roku 1899. Sklada se ze dvou
plochych nebo zakfivenych zrcadel od sebe definované vzdalenych. V pripadé
interferometru ve spektrometru dochazi ke zméne této vzdalenosti v zavislosti
na zmeéné napeéti.

(The Fabry-Perot filter consists of a pair of vertically-distributed Bragg mirrors )

wavelengthi{microns)



Instalace Antaris™ Target
Antaris Target Blend Analyzer

Primyslovy spektrometr Antaris Target byl vyvinut pro farmaceuticky pramysl.

e On-line kontrola uniformity praskovych smeési

* Odstranéni ztrat zplsobenych nedokonalou kontrolou vyroby
* Snadna montaz na technologické zarizeni

e Analytickd kontrola miseni tabletoviny v realném case

F_ technologie MEMS (Micro- Electro-Mechanical Systems)

Umozniuje on-line méreni spekter v blizké infraCervené
oblasti v rozsahu 7400 — 5550 cm™ (1350 — 1800 nm)
s rozliSenim 3,5 cm™ Flexible membrane

Membrane
support

ttom mirro

Detector




Instalace Antaris™ Target

Antaris Target Blend Analyzer

Lid Modification Kit

Existujici
homogenizator




microPHAZIR Rx

Handheld Pharmaceutical Material Analysis
The microPHAZIRTM Rx is the world’s first handheld analysis

system designed for rapid on-site pharmaceutical material identification

and analysis.
EmdE N B Diffuse reflectance, optional adapters for liquids
Mataiat eontiaton = T Tungsten light bulb, safe for operators and sample

integrity
Measurement time — several seconds

1600 — 2400 nm ( cca 6250 — 4160 cm™) including the
complete near-infrared combination region and first
overtone region) — wolfram bulb — light source

Resolution — 8 nm per pixel /12 nm optical




microPHAZIR Rx

Miniature Spectrometer-on-chip spectrometers

Actuated: programmable
Unactuated: incident filtering

light reflected at 1/4- wavelength
displacement
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microPHAZIR Rx

« Handheld NIR for
Pharmaceutical RMID

« Used in 17 of the top 22 largest
pharmaceutical manufacturing
companies

- Deployed in over 25 countries

 Applications for at-line analysis
« Blending

Detector
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Porovnani spektra - disperzni a FT-NIR
spektrometr

»:Bezvoda kyselina citronova

?1 rozlideni 2 cm™

rozliSeni 50 cm-?




NIR spectrometry — transmission
measurement

* cells - various types of glass
— INFRASIL, SUPRASIL (critical part ~ 4000 cm™1)

MIR




NIR spectrometry — transmission
measurement

cells - various types of glass
— pathlength 1 — 5 (10) mm
» effect of solvent absorption

 effect of selected subregion (combination bands,
order of overtones)

» effect of concentrations of analytes studied

fiber optics probes
— fixed pathlength or adjustable pathlength



NIR spectrometry — transmission
measurement

* cells —both polar and non-polar samples
— organic liquids (oils, petroleum)
— aqueous solutions (drinks — content of sugars, ethanol)
Acetone various pathlength RN
5.0% ® 5 mm
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NIR spectrometry — transmission
measurement

cells - both polar and non-polar samples
— organic liquids (oils, petroleum)
— aqueous solutions (drinks — content of sugars, ethanol)




NIR spectrometry — transmission
measurement

e aqueous solutions
— calibration model for sugar content in soft drinks
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NIR spectrometry — transmission
measurement

e aqueous solutions
— calibration model for alcoholic drinks

' T0Q Analyst - [Calibration Results] E]
File Edit
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NIR spectrometry — transmission
measurement

e aqueous solutions
— calibration for alcoholic drinks - spectra
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NIR spectrometry — transmission
measurement

e aqueous solutions
— calibration for alcoholic drinks - spectra
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NIR spectrometry — transflectance

measurement
* transflectance ' croove tor
ce | | S Petri dish
— defined
pathlength

— transmission/

— viscous liquids,
pastes




NIR spectrometry — transflectance
measurement

* transflectance
cells
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NIR spectrometry — transflectance
measurement

* transflectance cells
— fat in the butter
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NIR spectrometry —
TABLET Analyzer

Tablet




NIR spectrometry —
TABLET Analyzer

* tablet analyzer
— determination of active substance in a capsule
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NIR spectrometry — diffuse reflectance
measurement

o UpDRIFT

e absorption and
reflections on
irregular

particles

— reflected
radiation
collected

Sample area




NIR spectrometry — diffuse reflectance
measurement

o UpDRIFT

— background measurement
with Spectralon (ceramics)

— direct measurement of
pellets, powders ...

— measurement in rotational
cell (glass bottom) —
powders, granular materials,

pulps ...




NIR spectrometry — fibre optics probes

* remote
sensing
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NIR spectrometry — fibre optics probes

* remote
sensing

" Optical
= SMA fibres
86~ connectors

Immersion
probe

Light beam | i Optical

-/ pathlength

Detector
Source of radiation




NIR spectrometry — fibre optics probes

* IMMERSION PROBES
— standard type

*= Light path
in sample

Prism

| Light beam




NIR spectrometry — fibre optics probes

* IMMERSION PROBES

— types for small sampling volumes

o—‘!— Window

=— Light path

-1 Window

in sample !.ight path
in sample

Prism Light beam

Mirror

Light beam




NIR spectrometry — fibre optics probes

* IMMERSION PROBES

— types for process analysis

*= Light path
in sample

Prism

| Light beam




NIR spectrometry — fibre optics probes

* IMMERSION PROBES
— ATR probe

! L Sapphire
' prism

Light beam




NIR spectrometry — fibre optics probes




NIR spectrometry —
some practical applications

ANALYSIS OF FOODS
— MILK, CHEESES, SOFTDRINKS, WINES etc.

ANALYSIS OF MEDICAMENTS

— active substances in tablets, plant extracts etc.
ANALYSIS OF POLYMERS

— quality control of products, additives etc.
ANALYSIS OF PETROCHEMICAL PRODUCTS

— content of aromates, octane number etc.



NIR spectrometry — practical examples
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Determination of the OH value of Petrochemicals

Task: Driginai Property / Predicted Praperty
Determination of the OH value in petrochemical ey 1"’:_1' ?:E'i"‘r% e -
pmducts ! 1...':-‘] Cakbrzleon Spectm 1] xj=D 00772402084 r=0L00003
g !
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P =
| ~
Pretreated Spectra g sol
All Spectra = |
= EI].' r
& Calibrabon Spectra | A"
150 Vgiidanon S:F;:::- | _
B0 80 100 120
m Truz Properny OH-Valus

Transmission

Result
Application works with SEP of 0.79

Measurement Technique
Transmittance; GC vials in the kuvette channel,

Q e 3 Scans.
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NIR spectrometry — practical examples

Raw Material Testing: Plant Extracts NIRFlex N-400

Task

Plant Extracts are used as ingredients in natural
care products. For QC purposes it is necessary
to identify the incoming dried plant extracts of
Gingko Biloba, Ginseng and Wine Leaf.

One of the expected difficulties is to identify

products from different harvests as one property.

Pretreated Spectra
. All Sped II’EI

Reflectance

4500  S000 5500 GO0 BS00 FOOO 7500
1icm

Ginkgo Biloba §
Yine Leaf )
Zinseng

Result v
Reliable identification of plant extracts possible.
Even the products coming from a broad variety of
different harvests and regions can be projected into
one clusterthat is well distinguished from the other
products. Therefore NIR can be used to perform a
quick QC of Plant Extracts in the warehouse.

Measuring principle e
Diffuse Reflectance, 6 Scans m
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NIR spectrometry — practical examples

Tablets: active substance NIRTAB

Task:
:
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Result: B okt
The distinction is possible.

FEG e et man “iﬁom;*}:?rr”mn'"m&a 0400 10000 11200 Measuring principle:
Diffuse transmission (20 scans).
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