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Ultrafialova — viditelna
spektroskopie: tzv. UV-VIS

Fluorimetrie

InfraCervena spektroskopie:
IR, FT-IR

Ramanova spektroskopie

Nuklearni magneticka resonance

Hmotnostni spektroskopie

Molekulova spektroskopie, nejcast

Elektronova molekularni absorpce

Fotoluminiscence. Absorbovana
radiace emitovana pfi vyssich
(delSich) vinovych délkach

Vibra¢né-rotacni molekuldrni
spektroskopie

Vibracné-rotaéni molekularni
spektroskopie

Nuklearni absorpce:
zmeéna stavu spinu atomovych jader
magnetickym polem

lonizace a fragmentace molekul

VvV eV 7/

ejsi deleni

Kvantitativni analyza nenasycenych
anorganickych latek a nékterych
barevnych anorganickych latek

Rutinni kvantitativni organicka
analyza, Casto citlivéjsi nez UV-VIS.
Biochemie / bioimaging
Identifikace, kvantifikace a studium

organickych a anorganickych
molekul

Identifikace, kvantifikace a studium
organickych a anorganickych
molekul

Identifikace a strukturni analyza
prevazné organickych molekul

Identifikace a strukturni analyza
prevazneé organickych molekul
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Priklady pouziti FT-IR v analyze plynu

E  Prumyslové aplikace .

I Cistota kysliku pro piloty (stanoveni neg¢istot v kysliku)
Cistota/slozeni komeréné dodavanych plynt (napf. vodik)

Pyrolyzni analyzy (kombinace FT-IR s TGA, toxicita latek atd.) ="

At-line kontrola vyrobniho procesu v chemickém prumyslu

Slozeni zemniho plynu
F  Vyzkumné aplikace
E Toxikologicka méreni (pozarni aplikace, kontrola pracovniho prostredi)
F Vyzkum kinetiky chemickych reakci v plynné fazi, membranové procesy
E Analyza vybusnin (produktt vybuchu), airbagy
F  Ochrana zivotniho prostredi
Emise automobilu (rozliSeni N,O, NO a NO,, metanol, formaldehyd atd.)
On-line monitoring skladek (slozeni ,skladkového® plynu)
Méreni emisi / imisi (VOC, sklenikové plyny, izotopy — ptvod znecisténi)
Bioplyn (sulfan versus voda, slou¢eniny siry, metan atd.)

Koeficient toxicity — spalovaci zkousky AN :{7\ }\U\
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Vlastnosti plynu vs. FT-IR spektroskopie

Zakladni rozdily: plyny versus kapaliny, pevné latky:

¥ Pfitomnost nejenom vibracnich, ale i silnych rotacnich prechod( v
infracervenych spektrech plynu

P Nizkd hustota plynt (molekuly plynu se navzajem neovliviuji)
- spektra smési jsou jednoduse souctem spekter slozek
- vinocty spektralnich pasu (pozice) se vlivem okoli neposouvaji

¥ Dlouhd opticka draha: muZe byt 1 cm az stovky metr(

P MoiZnost analyzy plyntd v koncentracich od jednotek ppt, az po
desitky procent

P Vzorkovani: nutnost zachovat konstantni teplotu a tlak, popr. tyto
veli¢iny béhem méreni zaznamenavat pro automaticky prepocet

r  Plynové kyvety s tlakomérem a regulaci teploty (popfr. i tlaku)

P Pro viceslozkové smési lze s vyhodou pouzit chemometrické
metody (zejména vyuzivame metodu CLS: Classical least
squares, tj. klasickd metoda nejmensich ctverct - ,,K-matrix“)
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Moznosti technik / instrumentace

= Dedikovany plynovy FT-IR analyzator Nicolet Antaris IGS
= Procesni FT-IR analyzator Nicolet iG50

= Aplikace plynovych kyvet do jakéhokoliv z nasSich spektrometrt
= Spojeni infracervené spektroskopie s termogravimetrii (FT-IR TGA)

= Spojeni infracervené spektroskopie s plynovou chromatografii (FT-IR GC)

= Remote sensing FTIR spektrometry (http://www.dpinstruments.com)

" Novinka 2022: MAX ANALYTICAL



http://www.dpinstruments.com/

* Moznosti technik / instrumentace

Aplikace plynovych kyvet do jakéhokoliv z nasich spektrometru
Univerzalni vzorkovy prostor: kapaliny, pevneé latky a plyny
Napr. Analyza paliv (maziv) - vSechny sméry (skupenstvi) vyzkumui...

Vybeér typu plynoveé kyvety zavisi na T
predpokladanych koncentracich: . — L
rad procent: opticka draha 5 - 20 cm ’ __TJ ol F =

ppt az ppm: dlouho-cestné kyvety — stovky metri . ;
optické drahy...(mnohonasobny odraz paprsku uvnitf o] [+
kyvety, pozlacena zrcadla)
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Moznosti technik / instrumentace

Vybér plynové kyvety e
Material téla kyvety (sklo, kov), antikorozni upravy —
Opticka draha kyvety (10 cm — stovky metr() | L%
Ménitelna opticka draha kyvety |
Kontrola teploty a tlaku plynu v cele

Objem kyvety (ml az desitky litrd!): roste s optickou
drahou (200 m kyveta = 25 - 50 litrd objem!)
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"~ Moznosti technik / instrumentace
Vybér plynové kyvety: par komercnich prikladu

Opticka drahy Objem cely Priblizna (!) mez
detekce

10 centimetrd 100 ml Procenta
2 metry 200 ml ppm

3 metry 200 ml ppm
4,8 metrU 500 ml ppm
6,4 metr( 750 ml ppm
1,6 — 8 metrd 750 ml ppm
(variabilni cela)

10 metr( 2 litry ppb
12 — 48 metru 8 litrd ppb
(variabilni cela)

20 — 200 metr( 50 litrd ppb — ppt ©

(variabilni cela)

ﬁ
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Kvantitativni analyza: priklad Methan

151 165C 650Torr CH4 932 PPH 100% (392 PPI)
1165C 50Tar CHA 932 PPN 10% (39.2 PPM)

1101

F165C 650Tar CHA

1.051165C 650Tor CH4

1 01 PPV 30% (30.3 FPM)
_1
1
1

01 PP 100% (101 PPM)
01 PPIM 10% (10.1 PPM)
0000 PPM 100% {10000 PPM)

1165C 650Tarr CH4
1.00-_ 65C 650Torr CHA

0.95 165C 650Tom CHA 992 PPM 70% (694.4 PPM)
+165C 650Tarr CH4 101 PPM 70% (70.7 PPM)

0.90-

65C 650Tar CH4 992 PPM 30% (297.6 PPM)

85C 650Tarr CH4 10000 PPM 10% {1000 PPM)

85C 650Tarr CH4 10000 PPM 70% (7000 PPM)

T165C 650Tor CHA 992 PP 0% (496 PPM)

i
0851,

i1
080+,
0751
070+
0651

0601

Absorbance

n,ss-f
n.su-f
0.45%
[],40—3
n.as-f
0.30%
0.25—3
n.zu-f

0157

T,
3150

A
3100

ok
3080

A 4
2950

Wavenumbers {cm-1)

FT-IR spektra metanu
100 — 10 000 ppm
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Kvantitativni ana

yza: pri

iklad Methan

Absorbance

210 165C 650Torr CH4 992 PPM 100% (992 PPM)
“165C B50Torr CrH 992 PPM 10% (49.2 PPI)
200-

1165C ,LT i ChHd 1'31 PFF;I 30 )
1.90{165C 650Torr CH4 101 PPM 100% (101 PPM)

165C 650Tarr CH4 101 PPIM 10% {10.1 PPM)
180~ 1EEC 650Tarr CH4 1[]00[] F‘PM 1 % (10000 PPM)

| CH4 99 i 25 .6 PPM)
1.504 165C 650Torr CH4 10000 PRIV 104, (1000 PRM)
-165C 650Tarr CH4 10000 PPM 74% {7000 PPM)

1 40£1EEC 650Torr CH4 992 PPM 50%4 (49 PPI)

u.ru—f
0601
n.su-f
0401
0.30%
0201

010+
0.00 2

FTIR spektra methanu
100 — 10 000 ppm

Detail nékolika vibraci

¥ . ¥ — ¥
3140 38 3136 334

Wavenumbers {cm-1)
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Kvantitativni analyza: priklad Methan
': Methane
RMSEC: (0.447¢3) Cor. Coeff: 0.9380
1 Realna zavislost!
1 o)
E i |
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1 O Calibration
+ Validation
1 A Corection
O Cross-correction
X Ignore

1 1 1 | 1 1 ' . . I I |
Actual x Pathlength |
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Kvantitativni analyza: priklad Methan

O
Korekce na kfivku 3. radu
(software TQ ANALYST 9)
§: /~
21 } //
l’/"'
o/
Q. -
______ T S
I T — 0 A Correction
- a0 © & Ignore

| | ! ! ! | ! ! ! | ! ! ! T
Uncorrected x Pathlength i‘;
i,
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Kvantitativni analyza: priklad Methan ==

| Methane
- RMSEC: 12.2 Corr. Coeff.: 0.9999

Calculated x Pathlength
T T T T T T [ T T T (O S R |

O calibration

=+ Vvalidation

A Correction

O cross-correction
& Ignore

Actual x Pathlength

Po implementaci korekce 3. radu

Chyba kalibrace (rozsah 0 — 10 000 ppm) je cca 12 ppm!
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MAX-IR™

e 1-32cmrozliSeni
 ZnSe Beamsplitter — Single crystal

/‘\ i IR"‘ - Rozsah: 500 -5 000 cm-!
FTIR GAS ANALYZ B | « 9.86 m Gas Cell — 500 mL objem
e iy - Diode laser — VCSEL Diode
o S— Detektory: DTGS, MCT, InAs

« ZdrojIR-SiC

« Zadny alignment, zadna justaz
 Tlakomeér

« 2x teplomér v cele (stabilita)
 Kontrolateploty do 191 °C

Tri hlavni inovace:

« STAR BOOST technology: viozeni specialniho
»Long Pass filtru“ do drahy IR zareni

* AutoRef méd

« Katalytické odstranéni org. latek (MAX-OXT)
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MAX-IR: STAR BOOST technologie

Ultra Sensitive
. FTIR Technology

.......

Pouze s MCT a InAs detektorem

Vlozeni specialniho ,,Long Pass filtru“ do IR drahy,
(patentovano)

Filtr se vklada mezi interferometr a plynovou celu
10 — 50x lepsi Signal-to-Noise (SNR)

Opticky filtr odstranuje tzv. dvojitou modulaci
Zlepsuje linearitu detektorti a dynamicky rozsah

°
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" Novinka 2022: MAX ANALYTICAL
MAX-IR: STAR BOOST technologie

Analyt Klasicka konfigurace, mez S vyuzitim
detekce (ppb) Starboost (ppb)

Carbon Dioxide 9 1
Carbon Monoxide 60 2
Methane 68 2
Formaldehyde 23 3
HCI 15 3

Zatim k dispozici dva filtry, Vzdy s MCT detektorem
1800 — 3300 cm?
2400 — 3300 cm?

Pokud je filtr umistén v pristroji, tak omezuje rozsah osy X

Starboost filtr bude motorizovany + rotator filtri
Moznost pro filtry v oblasti finger printu existuje
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Novinka 2022: MAX ANALYTICAL
MAX-IR: Katalyticke odstraneni org. latek

W

MAX-OXT

Generate “Interference Spectra” from
sample gas by selectively removing
selected hydrocarbons

Does not destroy H,0, CO, and CH,
(primary atmospheric interferences)

“Interference Spectra” added to analysis
algorithm

V podstaté je tam umistén Pt katalyzator a
my muzZeme automatizovat SW aby jednou
za hodinu na chvilku (napf. na 3 minuty)
poslal vzorek pres katalyzator. Ten zniCi
nékteré organiky (dle nastaveni teploty)
a vznikne tak spektrum ,pozadi“ — H,O,
CO, atd., to se odecCte od dalSich spekter v

rade.. i"
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Novmka 2022: MAX ANALYTICAL
MAX-IR: Autoref funkce

https://patents.justia.com/patent/20200292447

” *

Background & sample spectrum calculated from same
Interferogram

* Low resolution background (8 cm™) i

* Noindependent background or high purity
zero gas is required

Detector Voltage

 Eliminates baseline drift and bias drift in

low level measurements

Interferogram Points

o


https://patents.justia.com/patent/20200292447
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Kombinace: MCT + Starboost + Autoref

i — Ethylene Oxid - EtO

+ 1pabs
Residual

~170 ppt EtO
or ~600 pg

H,O Intf.
~12,000x
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Jps Analyza Cistoty vodiku

* H, as target fuel for renewable/green energy applications

Advantages over batteries for many applications
Industrial/power plant energy supply via pipeline (CNG + H»)
Fuel cell power for semi trucks, buses, cars, (train/marine/air?)
Refillable chemical batteries

* Currently most hydrogen generated from petrochemical
reactions — steam reforming
“‘Blue” hydrogen uses carbon capture from petrochemical production
Goal — use solar/wind energy to split H20 as “green H,”
* Europe has goal to be carbon free by 2050

Banning diesel/gasoline vehicles in cities by 20307

Significant financial commitments —
EU 3.8B Euro investment annually
Source, European commission communication
Note: picture Toyota Mirai 2
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~ Analyza cistoty vodiku

According to 78 % of automotive executives polled, Fuel Cell Electric Vehicles (FCEV)s are “the
real breakthrough for e-mobility” and could represent 32 % of fuel demand by 2050. Current
barriers to mass implementation of hydrogen in transport arise from European Directive
2014/94/EU and International organisation of legal metrology (OIML) recommendations
that must be met by all European hydrogen refuelling stations (HRS).

Hyd régen HYDRAITE

Activities & Achit

» > Hydrogen purity measurements
according to '\() 14687~-2 and risk e (London C
assessment for fuel cells

Establishing 3 EU
>> Analytical methods for laboratories for
performing hydrogen purity testing Hydrogen
to enable the full implementation of . .
the revised 1SO 14687-2 standard quality analysis

v le |
»> Development and validation of gzzgg HOL
traceable methods for mass .
measurements of hydrogen v' Gas sampling
absorbed in metal hydrides v Comparability

(Uim, D

- End May 2019 | End Dec 2020

METROLOGY :
VEHIC H32

1N
Jv‘ WR( _;\

Flow metering: accurate metering of
dispensed hydrogen through
calibration with secondary standards
Hydrogen fuel quality control:
provide reference materials for
laboratories to be compliant with ISO
14687 and I1ISO 21087

Provide scientific input to
standardisation of sampling of
hydrogen from HRS

Validation of online sensors for fuel
guality control at HRS

Harmonized methodology for
evaluation of impact of impurities on

i >00 202 [

/
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https://hydraite.eu/
https://hydraite.eu/
http://projects.lne.eu/jrp-hydrogen/
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& Analyza cistoty vodiku

* |ISO/FDIS 14687 — Kvalita vodikového paliva
* Mnoho pfistrojovych technik pro splnéni, FTIR pouze jedna z nich

mezdetelcerPm | |

SAE 2719/ Thermo Scientific calibration
ASTM D7653 Antaris IGS, Nicolet iS50
2 Vypocet
co2 2 ano

ii



Nl "‘”ﬁ'}“ﬁ
~I" "MAX ANALYTICAL - Analyza &istoty vodiku

* ISO/FDIS 14687 — Kvalita vodikoveého paliva

MAX-IR Starboost enhancement of detection limits f ] /\><IR ]
No need of liquid nitrogen or purge v S __A

Performance Specification Procedure / Reference Document CO2 .. THC (C1)

Instrument Detection Limit (IDL) 30 for n=9 analyses of blank sample 0.2ppb 1.7ppb 0.7ppb 6.3ppb

Method Detection Limit (MDL,) EPA 821-R-16-006 0.7ppb 0.6ppb 1.1ppb 7.6ppb
Accuracy (Average % of Expected) 4 replicates at 8 levels (0-5ppm), randomized order 1.25% 2.91% 2.15% 4.34%

Linearity (R?) 4 replicates at 8 levels (0-5ppm), randomized order 0.9999 0.9999 0.9998 0.9998

Precision (RSD) 30 replicates at 5-10 x MDL 0.70% 2.43% 0.88% 4.67%
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=" MAX ANALYTICAL - Analyza cistoty vodiku

* |ISO/FDIS 14687 — Kvalita vodikového paliva

............
.........

MAX-IR Starboost enhancement of detection limits NMIAKIR P

* Rok 2023: Inkorporace

=— - analyzatord N2 a 02 do
sestavy + analyzator celkové
sour | (I J ()] e (e | o siry
s e v | B = « Support Class 1 Division 2 /
o] i = e | = ATEX safety environmental
= = | = || H4 regulations
J A4 Nastrahy: kvalita vzorkovani,

v i i/ objem vzorku, bezpecCnost prace




Dekuji za pozornost!

sec@nicoletcz.cz

ER
FTIR GAS ANALYEC
FTIR ey vee

NMAX IR

\ | . M

“Kazdych 60 kilometrt nabijecka
pro elektromobil, kazdych 100
kilometr( cerpaci stanice na vodik.
Presneé tak si poslanci Evropského
parlamentu predstavuji situaci do
roku 2026 na evropskych silnicich”
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