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v’ prakticka metoda molekulové
spektroskopie nahrazujici pracnéjsi,

L a.b &l

analytické chemie

v'metoda vhodna i pro méreni hrubé
zrnitych a nehomogennich vzorkii

v alternativni metodou pro HPLC, GC
apod. v procesnich kontrolach QC/AC

v'rychla kontrola vstupnich surovin,
meziproduktu a produktu
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Historie a soucasny trend vyvoje techniky NIR.

v'zaklady reflektancnich méreni v blizké
infraCervené oblasti byly polozeny v 60. letech pri
kvantitavnich stanovenich vihkosti v semenech
obilovin a olejnin

v'po roce 1970 vyvoj analyzatort pro analyzy
krmiv a potravin ( fy Dickey-John, Neotec,
Technicon)

v’koncem 80. let a zacatkem 90. let vyvoj pristroju
FT-NIR umoznuijicich sirsi vyuziti reflexnich
metod mereni

v'rozvoj pocitacové techniky a zlepseni kvality
mereného spektra akceleroval vyvoj
statistickéeho softwaru

Thermo ThermoFisher
cccccccccc 3 SCIENTIFIC



Molekulova spektroskopie.

v’ studium interakce elektromagnetického zareni a hmoty

v'zahrnuje napf.UV, VIS, NIR, IR spektroskopii

viditelna Vzdalena IC
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NIR spektrum

v'NIR spektra jsou slozena z pasu vysSich harmonickych

1 — vibraci a kombinacnich pasu
v'vy§8i harmonické vibrace se projevuji na nasobku
frekvence fundamentalnich vibraci
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8 Band
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NIR spektrum
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FTIR a FT-NIR spektrum polystyrenu.

=« Polystyren transmise FTIR
« Polystyren transmise FT-NIR
« Stejna opticka draha, spole¢né méfitko osy "'y"
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AbsorpcCni pasy v blizkeé infraCcervene oblasti (NIR)
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Schéma filtroveho NIR spektrometru

3 IItET'k'hE«E I /

o fifegrating| Sphere

Light Euur?

Filtry ve filtrovém spektrometru funguiji jako
selektory snimanych vinovych délek.
Propoustéji pouze urcité vinové délky ze N \/\
spojitého zareni zdroje. Propousténé vinové
délky jsou vybirany experimentalné podle toho,
v které oblasti spektra absorbuje napf. protein.

Pokud se méni matrice vzorku, je obtizné ::\/
optimalni sestavu filtrd experimentalne B M50 U I
definovat.

Thermo ThermoFisher
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Schéma disperzniho NIR spektrometru s pohyblivou mfizkou

Source Vétsina disperznich spektrometrt s pohyblivou
mFiZkou, které vyuZzivaji reflexnich metod
vzorkovani, méfi v celém NIR rozsahu.

Sample

== transmisnim modu maji velmi omezeny rozsah

"Eﬁ-ﬁ Light from| Source .. .
FOSS Food Scan
850 — 1050 nm (11.765 — 9524 cm-1)
WL M

Position 1 Sample number 1

R Disperzni spektrometry pouzivajici méreni v

Detector

P
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 vinoctové osy v dusledku
mechanické slozitosti systému. Rozsah disperznich
spektrometrd zahrnuje vétSinou celou viditelnou oblast, nebo jeji
cast.

Thermo ThermoFisher
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Schéma disperzniho NIR spektrometru s pevnou mfizkou

HIR Broadband Energy VIS
Detection Array (White Light) Detection Arra

X,
3 Light fro

o

Stationary Grating

FT-NIR

Diodové pole detektoru DA 7200 ma 256 bodu, coz pfi DA7200
rozsahu snimani 950 — 1650 nm umoznuje nominalni

rozliSeni 6 nm. VySe zminénych 6 nm odpovida pfiblizné
50 cm! (u 1650 nm je to cca 21 cmt, u 950 nm je to cca
72 cm1). FT-NIR spektrometr méfi pfi maximalnim
rozliSeni 2 cm-1 a maximalnim mozném rozsahu
méfeného spektra od 12.000 do 3800 cm-1 (833 — 2.632
nm) 8200 datovych bodl na spektrum

Logi iR
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Schema FT-NIR spektrometru

Fixed mirror

Beamsplitter

IR Source

Moving mirror

He-Ne laser

® Laser diode

Sample
Detector

Mechanicka konstrukéni jednoduchost

Mnozstvi energie dopadajici na detektor je ve srovnani s disperznim pfistrojem asi o dva fady vyssi
To ma za nasledek podstatné zvysSeni odstupu signalu od Sumu (tzv. Jacquinotova energeticka
vyhoda

ViInoctova presnost a spravnost je oproti disperznim pfistrojim témér absolutni. Odpada obvyklé
prekalibrovavani pristroje na spravnost udavanych vinovych délek. Prakticky to znamena, ze pokud
se nezméni chemicka podstata vzorku jako takoveého, neni nutno pfistroj rekalibrovat. (tzv.
Connesova vyhoda)

FTIR spektrometry nevykazuji, na rozdil od disperznich, téméf zadné chyby zplsobené rozptylem
zareni na optickych prvcich — jsou presnéjsi.

Thermo ThermoFisher
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Vzorkovaci techniky pouzivané v NIR
Transmise — klasické kyvety

Thermo ThermoFisher
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Vzorkovaci techniky pouzivané v NIR

Transmise — klasické kyvety

Stanoveni etylalkoholu ve viné

TQ Analyst n Results]

ile Edit Wiew Diagnostics

window  Help

Calibrate | Quantify | Explain | Close | Performance Index: MA& Previous: Mis I Calibrated
oL Corr Coeff: 0099837 RMSEC: 0.227 =1
4 . o]
oo
4 i o o] o]
= w | < =
@ - =R ] [&]
&1 £ !
&1 (S
o o
1 2 Calibration <
+ “alidation @ o
£ Correction 21
u 1 C" 1
1 g g g g 1 g g g g 1 . g e T . e g 1 g ' 1
5 Actual 27 5 27

4 factors used

Calibration Results Ta

Index File Name Actual Calculated Diff. ¥ Path | _=| v Show difference vs. actual
1 ’ b 1 3 ™ lgnore zeroes
2 003_93 melod B.61 0.33 — Select Componen
3 004_143 army r.< 8.48 8.72 0.24 — 1of1 Alkohaol
4 005_120 army b. 8.13 8.20 0.07
& 00E_106 dorato 9.83 966 -0.17
5] 007_146 ri dem 10.27 9.81 -0.46 — Performance Index—-
7 003_114 ri mild. 10.25 9.95 -0.27 Alkohal
g 00s_S90 dorato b 10.47 1013 -0.34 Current -
9 010_149 napole 10.65 10.66 0.01 FPrevious -
10 171_0 napoj.sp: 11.29 11.03 -0.36
11 013_118 mt.sp: 10.84 11.00 0.16
12 014_116 skleprr 10.46 10.43 -0.03
13 015 96 rmoscat g8.42 .62 0.27
14 016_74 ss brut.: 11.69 11.75 0.06
15 017_B9 caruso t 9.81 10.09 0.28
16 018_54 rnoscat 5.29 8.53 0.24
17 013_46 caruso t 9.93 10.03 0.10
18 020_190 carusc 10.80 10.68 0.18
19 021 B2 vz.spa 11.35 11.08 027 -

€ oy % BT © [Tt . j Mo, | S Unki., | O Hel.. | BR MIR.. | G§FT-..
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Vzorkovaci techniky pouzivané v NIR

Transmise — imersni sonda

SMA O{)’tli(cka
konektory viakna Imersni
] Mtens
Zareni dopadajici na o eég::
detektor P
vrstva
Detektor
Zdroj zareni
Laie
¥ | path
prEm
ligh! Beam
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Vzorkovaci techniky pouzivané v NIR

Transmise — imersni sonda

Stanoveni aromatu v primarnim benzinu

Q Analyst - [Calibration Results] —18] x|

File Edit Yiew Diagnostics Window Help =1
Calibrate | Quantify | Explain | Close HF‘erfurmance Index: WA Previous: 54.0 I Calibrated
| ERg— 5 =] 5
. RAMSEC: 0.200 Cor. Coeff.: 0.9380 1
7 13 tactors used : o
| 2 4
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o < 8 o o o
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1 | 5] o Mo o
| O Calbration e o 8 o g %o @ o
| + Yalidation | Ie) o 8 S o o
1 & A Correction 1 Ie) o
. I'e} 2
O Cross conecion ol
o & lanore = o
B e B e e e e B N e
1] Actual 18 0 Actual 18|
[ alalx
~iaixl

[ e

File Name Calculated [¥ Show difference vs. actual
I Ignore zeroes
3 kal 002 spa Calibration — Select Component ———
5 kal_004.spa Calibration 128 183 Tof1 arométy
B kal_005.3pa Calibration 6.84 6.98 cPack Newt>
7 kal_006 spa Calibration 945 943
8 kal 007 spa Calibration 953 950 — Petformance Indes  ——
9 kal_008. spa Calibration 0nwe 0581 aromaty
10 kal_009 spa Calibration 7.76 754 Curent
" kal_010.spa Calibration 482 510 Previous 34.0
12 kal_011.spa Calibration B.ED 594
13 ksl 012sps Calibration 09 628 Sove to Text
14 kal_013 spa Calibration 548 655
1% kal_014.spa Calibration B.E2 EED
16 kal_015.spa Calibration 434 431
17 kal_016 spa Calibration a72 870
18 kal_017.spa Calibration 744 740
20 kal_019.spa Calibration 493 4590
21 kal_020 spa Calibration 432 414
22 kal_021.spa Calibration 60 507
23 kal_022 spa Calibration 6.03 581
24 kal_023 spa Calibration 403 382
25 kal024.spa Calibration 365 388 023
l 26 kal_025.5pa Calibration 4.03 378 -0.25 e sy v.0 2
27 kal 026.spa Calibration 282 325 043 - WMA]_@IIJ‘;Z)X — | ] ~— S s
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Vzorkovaci techniky pouzivané v NIR

Transflektance

Draika pro odstranéni
Zrcadlo vzduchu

Petriho miska :
Definovana opticka

Vzorek

et
5
&

0. 0,008
0:85%% <
SERRIRERR

e T

Intornal gold ro%renco
flag computer
\ conyollod
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Vzorkovaci techniky pouzivané v NIR

Transflektance

Stanoveni tuku v masle

% TQ Analyst n Results] =&l x|
File Edit View Diagnostics Window Help =18 x|
Calibrate | Quantify | Explain | Clage ||Performance Indesx: NAA Previous: 91.1 I calibrated
1 Voda Q =l @
] RMSEL: 0.163 Con. Coeff. 0.9367 &« e
1 4 factors uzed o o o
1 o]
o o @ 2
] o g}o 5] o
1 o o %
o Q? & sog o
1 ° ¢ o foad o} o
p=i] w7 5]
£ = o o o2 o @
5 T | o o 0
21 fots) &1 o 5@ e} ©
81 i = o o e
i o
1 1 o153 o Ls)
< <
[e]
s .
@ Calbration } o <] o
| + Yalidation |
1 A Correction 1
O Cross-carrection ol
= & |gnare o] [e]
Do N T e o e e L T T
13 Actual 21 13 Actual 21
Calibration Results Table
Index Spectium Title Usage Actual Calculated Diff. # Path -] ¥ Show difference vs. actual
iz
e T = [ Ferereztes
2 Cihstandard PLS 003 5PA Calibration - 17.51 17.60 003 @l — Select Component  ———
4 Cihstandard PLS 005 5P& Calibration 16.87 1691 004 ! 1of1 Woda
5 Chstandard PLS DOESPA Calibration 14.89 1496 007 — | <Back Hexts
6 Cihstandard PLS 007, SPA Calibration - 16.74 16.76 ooz
8 Cihstandard PLS 010 5P& Calibration - 1355 1337 018 — Peformance Index  ——
1 Cihstandard PLS 013 5P& Calibration - 17.528 17.60 -0oe Woda
13 Chstandard PLS 015.5P& Calibration - 15.63 16.45 018 Current
15 Cihstandard PLS 017 5PA Calibration - 1811 1819 008 Previous 911
17 Cihstandard PLS 019,5P& Calibration - 1816 1835 019
19 Cstandard PLS 021.5P& Calbration = 17.47 17.44 003 Save to Text
21 Cihstandard PLS 024 5P& Calibration - 1517 16.34 017
22 Cihstandard PLS 025,5P& Calibration - 7.3 17.20 001
23 Cihstandard PLS 026.5P& Calibration - 13.93 14m oos
24 Cihstandard PLS 027 5PA Calibration - 17.08 1691 017
26 Cihstandard PLS 023 5P& Calibration - 16.63 16.86 023
28 Chatandard PLS 031.5P& Calibration 16.73 16.85 012
29 Cihstandard PLS 032 5P& Calibration 13.50 1354 004 0 ot i e~ P
30 Cihstandard PLS 033 5P& Calibration 16.06 16.05 001
2 Chstandard PLS 035.5P& Calibration 18.38 16.26 012
. Piprm v
34 Cihstandard PLS 037 5P& Calibration 2067 2083 022 \ﬂﬂ ALALITIZE 1T 1%
3B Cihstandard PLS 033 5P& Calibration 18.58 1825 033
J 3k Ci\standard PLS 040, 5P Calibration 19.97 19.95 0oz
7 Cihstandard PLS 041.5P& Calibration 18.39 1851 012 -
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Vzorkovaci techniky pouzivané v NIR
Difuzni reflexe s rotaci kyvety

flag computer
controlled
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Vzorkovaci techniky pouzivané v NIR

Difuzni reflexe s rotaci kyvety

Stanoveni dusiku v zrnech pSenice (bez Srotovani)

TE 1Q Analyst - [Calibration Results] —151 x|
File Edit View Diagnostics Window Help =18 =]
Calibrate | Quantify | Explain | Close | | Performance Index: N/A Previous: NA I cCalibrated
| N Nty T —
RMSEC: 01166 Cor, Coeff 09365 | o o
8 factars used i
1 o]
a o B & o o
[o7s) o]
] 1 e 0 ®07 go 0% ° e
{ ) & [ o
| o o% o & o} o]
] o 0o o8 o o
] 1 O o 8% A o
- al @ @ B0 @ °©
a | o o O(S) [+] rotel o] o] o] (o Ire
= < I
=5 5 o 0 By Ml oo o
=2 £l o o% o £ “ o ©
31 =3] 3 2 © S 0%y o ©
o o B o g, Sp00 g =] o
s} [SR o}
o]
1 1 o © 0 ® o = Q
1 < o] L]
© Cabration 1 © o © o %8 ©
] + Valiation | ) 5
£ Carrection | °
e} =}
O Cross-corestion ol a
= | 2 Ignare =3 [o P
. . . 1 . . . . . . 1 . . . 1 . . . . . . 1 . : [ — ——— . —— — S — e e e . :
8 Actual 21 8 Actual 2
Calibration Results Table
Spectum Title = ¥ Show difference vs. actual
I™ Ignore zeroes
2 1923a Calibration 11.34 -0.08 — Select Component  ——
3 19242 Calibration 11.23 0z | 1ot1 N-létky
4 1925a Calibration 1217 011 <Back Mests
H 1926a Calibration 1247 -0.20
3 1927a Calibration 1263 014 — Performance Index  ———
7 1928a Calibratian 1233 o7 H-latky
8 1929a Calibration 11.58 006 Current
3 1930a Calibration 1243 021 Previous
10 1931a Calibratian 11.58 003
1 1932a Calibration 1168 025 Save o Text
12 15933a Calibration 1070 029
13 1934a Calibratian 11.93 oog
14 1935a Calibration 1220 002
15 1936a Calibration 1073 0339
18 1937a Calibratian 11.23 010
18 1933 Calibration 138 013
19 15940a Calibration 1422 010
20 1922a Calibration 1293 005
21 19804 Calibratian 1205 -0.22
2 15963a Calibration 1252 17 )
23 19642 Calibration 11.40 019 -
J 24 19652 Calibratian 11.73 013
25 15966a Calibration 11.78 006 -

Thermo ThermoFisher
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Vzorkovaci techniky pouzivané v NIR
Difuzni reflexe — integracni sféra s autosamplery

Thermo ThermoFisher
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Vzorkovaci techniky pouzivané v NIR

Transmise — integracni sféra a autosamplery

Stanoveni obsahu API ve farmaceuticke tablete)

TE 1Q Analyst - [Calibration Results] —151 x|
File Edit View Diagnostics Window Help =18 =]
Calibrate | Quantify | Explain | Close | | Performance Index: NfA Previous: MAA I Cslibrated
| g 1 Ihupraten {
o 1 RMSEC: (0.972e-4) Comr. Coeff.: 1.0000 1
7 tactars used 1
1 ! o
ol w
o | o]
=5 51
= fadied
| ol o]
=1 =
[Sa [
| @ Caliration |
1 =+ Validation 1
o | £ Correction i
% 1 O Cross-comection
oA % | gnare o
R G G ey o e e ey e e
0.36 Actual 0.44] 0.44]
Calibration Results Table
Index File Name Spectum Title Usage Actual Calculated Diff. % Path ¥ Show difference vs. actusl
2 Calibration - 0.4400 0.4401 ™ lgnore zermes
181 Composzite standard B Calibration - 0.3600 0.3600 0.0000 — Select Component  ———
1682 Compasite standard C Calibration j 0.3700 0.3700 0.0000 Tofl |buprofen
183 Composite standard D Celbration = | 03800 0.3738 0.0001 Bl Hests
184 Composite standard E Calibration j 03300 0.2902 0.0002
185 Compasite standard F Calibration j 0.4000 0.4000 0.00001 — Performance Index ——
186 Compuosite standard G Calibration j 0.4100 0.4100 0.0000 Ibuprofen
187 Compaosite standard H Calibration j 0.4200 0.4201 0.00m Cuirrent
J 188 Compaosite standard | Calibration - | 0.4300 0.4238 0.0002 Previous
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Provozni analyzatory

= Problem Blend
= Model Blend

Thermo ThermoFisher
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M IE ElNC. SPECTROMETERS | LASERS | TOTAL SOLUTIONS . . .

Your 5/744%{ oscopy Fortner . .

Schéma modularnich UV-VIS-NIR spektrometru
S pevnou vrypovou mrizkou.

Unfolded Czerny -Turner Crossed Czerny -Turner

www.bwtek.com 24

FEMOLEOOQ

S0

g ,°.> »fa

g m 3

1
N 0



M I E EINC. SPECTROMETERS |  LASERS | TOTALSOLUTIONS.. . . ..
Schéma modularnich UV-VIS-NIR spektrometru
s holografickou mrizkou.

Your 5/%4%/ oscopy Fortner

.. Rozmeéry cca 150x40x90 mm, vaha cca 0,5 kg, InGaAs, CCD, nebo
PDA detektory, obvykle 512, nebo 1024 pixelu, rozsahy 200 — 2200
®0 nm, primeérné rozliSeni cca 6 nm, coz v NIR oblasti odpovida

° o pfiblizné 50 cm-! (u 1650 nm je to cca 21 cm, u 950 nm je to cca 72
® ‘ cm-),

0\)@5‘&:%

'O,
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m IE {INC. SPECTROMETERS | LASERS | TOTAL SOLUTIONS l o0 O

o
Mobilni NIR spektrometr i-Spec Plus
s vestavenou integracni sférou.

Your 524&%;’ oscopy Fortner

Rozmeéry cca 40x26x25 mm, vaha cca 8,8 kg, InGaAs, CCD detektor,
.. 1024 pixelu, rozsahy 900 — 1700 nm (rozliSeni cca 3,5 nm) a 1100 —
L P 2200 nm (rozlisSeni cca 3,5 nm), prumér vzorkovaci plochy 20 mm,
@® moznost napajeni z baterie, moznost exportu dat pres USB2.0,
® o @ nebo pres Wi-Fi.
f‘lis%"%
S AA:

NICOLET CZ
o, nicol 9\01"&

www.bwtek.com 26



Zaklady NIR spektrometrie a jeji prakticke vyuziti

Dekuji Vam za pozornost.

NICOLET CZ
4 1%
%’4 nico\e\oq"o
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