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Nove moznosti analyzy
nebezpecnych latek pomoci
infracervené a Ramanovy
spektroskopie
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Obsah:

 SrovnaniinfraCervené a Ramanovy spektroskopie
e Ramanovo zareni versus fluorescence

* Ramanovy spektrometry s budicim laserem 1064nm

 Ramanovuv spektrometr s budicim laserem 248nm

* Analyza plynu a par pomoci mobilniho FTIR spektrometru
TreatID
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Srovnani infracervené a Ramanovy spektroskopie

Ramanova spektroskopie Infraervena spektroskopie
Rozptyl svétla vibrujici molekulou Absorpce svétla vibrujici molekulou
Vibrace je aktivni v Ramanoveé spektru | Vibrace je aktivni v IR spektru zpisobuje-li zménu
zpusobuje-li zménu polarizovatelnosti dip6lového momentu
Mikroskopie s rozlisSenim pod Mikroskopie s rozlisenim okolo 15 mikrometru
1 mikrometr (difrakéni limit!)

Voda ma obrovskou absorpci v IR spektru, problém

Vodu lze pouzit jako rozpoustedlo pro vyuziti jako rozpouitédia

Priprava vzorku vétsinou zadna,
moznost méreni pres obaly (sklo, sacky
atd.)

Signal zakladniho skeletu resp. vazeb v
molekule. Koncové skupiny molekuly - intenzivni signal
-S-S-, -C-S-, -C=C- atd
Indikace kovalentniho charakteru
molekuly

Rozsah méreni: tzv. FAR-IR (400 - 50 cm-
) neni problém (anorganika!)

Priprava vzorku muze byt naroc¢na: tvorba KBr
tablet, rezani vzorku, rozpoustédla, extrakce atd.

Indikace iontového charakteru molekuly

FAR-IR relativné narocna instrumentace

Cena je v porovnani s IC vétSinou vyssi Cena je v porovnani s Ramanem vétsinou nizsi
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Fluorescence: hlavni nepritel Ramanovy
spektroskople

Dochdzi k ni zejména v pripadé excitace laser. zarenim z NIR/VIS oblasti (cca. 300 —
900nm)

. Je zpUsobena vlastnim materidlem - tj. bézné proteiny, pigmenty, zbarveni vzorku nebo
nizkymi hladinami necistot v materidlu (obtizné odstranitelné bez rozsahlych krok
Cisténi)

. Redenim je pouziti jiné vinové délky budiciho laseru: napf. 1064nm (TacticlD-1064
nebo TacticlD Mobile) nebo ,hlubokd” UV excitace (méné neZz 250nm) napt.
Standoff 200

DPSSxd

GaN Ar¢  DPSSx2 HeNe Semiconductor DPSS or Semiconductor
263-266

HeAg/NeCu
365-405 488  532nm 633nm 785nm 1064nm

224/248

200 300 400 500 600 700 800 900 1000

Fluorescence region b
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TacticlD-1064, TacticlD-1064 ST, TacticlD Mobile,...

S\

. Excitacni laser: 1064nm

. Nastavitelnost intenzity laserového zareni po 1%

. Odlozeny start

Vestavény fotoaparat

. Baterie: nabijeci Li-ion baterie,

e  operacni Cas vice jak 4 hodiny

. Obsahlé knihovny narkotik a dalSich
nebezpeclnych latek

o €4

N P

Point & Shoot ¢ Vial Holder Bottle Adaptor Polystyrene Cap
\ v &S
Voo o '
\¥ :
Right Angle Immersion Probe* Large Bottle Adaptor* Large Spot Adaptor* |
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Tactic 1064 - software

) 20:42 EST A ) 20:47 EST Pr——— ) 20:44 EST
ADMIN g8 2016/02/23 o7 4 ~CMIN g 2016/02/23 S 95% A ADMIN I 2016/02/23

*«

Pictogram:

v/ Match ] 0

Scan Index:11

Signal ward: Warning
Search Result

| Hazard Statement:
May intensify fire; oxidizer
Causes serious eye irritation

SPECIFIC HAZARDS INSTABILITY
Oxidizers — OX 4

Water Reactives — W

Simple Asphyxiants —

SA

eated
lormally stabl

Mixture m

Doplnkové informace GHS (globalné harmonizovany systém) a NFPA 704 -
standardni normy v USA zalozené Narodnim sdruzenim protipozarni ochrany.
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~ Srovnani Ramanovych spekter s budicim
laserem 785nm versus 1064nm

Syntetické kanabinoidy a kathinony

L Synthetic Cathinone PV8 HCI

[—— PVE HCI 1064nm —— PV-8 HCI 785nm |

50000 | ool Synthetic
: ~ Cannabinoids

?

Relative Intensity
€

:

10000 +

500 1000 1500 2000 2500 3000 |
Raman Shift (cm-1)
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- Srovnani Ramanovych spekter s budicim
laserem 785nm versus 1064nm

Psychoaktivni latky na vzestupu

Synthetic Psychotropic Substance

€0000 14 [ tenocyclidine 1064nm tenocyclidine 785nm |

50000

40000 —+

20000 —+

Relative Intensity

20000 |

10000 +

500 1000 1500 2000 2500 3000
Raman Shift (em-1)

XXI11l. MEZINARODNiI KONFERENCE O SEPARACNI CHEMII A ANALYZE TOXICKYCH LATEK




W A NICOLET cZ
N

Meéreni pres transparentni obaly
a jejich typicke tloustky

3 lahve tloustka
\:}-“/ 2 Amber Glass <2 mm
A IR ey Clear Glass <3 mm
s
- High Density Polyethylene (HDPE) <1lmm
Teflon FEP <1lmm
Polystyrene <1lmm
vialky
Amber and Clear Glass <1mm
pytliky
Polypropylene (PP) <0.1mm
Polyethylene (PE), Low-Density < 0.1mm

Polyethylene (LDPE)
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STRam - meéreni skrz netransparentni obaly,
napr. obalky, plastove kontejnery,...(1064nm)
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TacticID®-1064: Technologie STRaman®

e Technologie ST (See Through) umoznuje
méreni pres neprihledné materialy/obaly —
papir, bilé plastove lahve, obalky
manila&Tyvek®...

* Volitelny balicek STRaman Sampling Kit pro
TacticlD-1064

 Meri velkou oblast vzorku s vétsi hloubkou
pronikani — idealni pro analyzu smesi
pevnych latek

VeV /

0

mereni  potencialné vybusnych nebo C
horlavych latek (nestabilnich vzork()

STRaman Sampling Kit
(optional)
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Hluboka UV excitace Raman/Fluorescence:

STANDOFF 200

. méri jak fluorescencéni spektrum, tak Ramanovo spektrum

. obsahuje knihovny: chemickych, biologickych a explosivnich
materiald

. pracovni vzddlenost od 0,6 az 5 metru (pro fluorescencni
spektrum)

. autofocus

. Zarivky a slunce nemaji vliv

. Spektralni rozsah od 250 do 4000 cm™ pro Ramanovo
spektrum

. Spektralni rozsah od 270 nm do 320 nm pro fluorescencni
spektrum

. Casové razitko, GPS soufadnice, fotografie

. Komunikace pomoci WiFi/Bluetooth

(Android/ATAK/MFK), plus USB 3.0 s PC

. Hmotnost 4,5 kg
. -40 az +60 °C, IP 67

. Lze pripojit k robotu ¢i dronu a fidit z dalky
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"~ Srovnani citlivosti excitacnich linii v UV
oblasti (248nm versus 262nm)

45000

- 248 nm 262 nm P
i
/
35000 & ’
30000 1 — /GF
—/ /
25000 —p > il
20000 D " > o /:lil‘GD
15000 1 N s / \
// ~  GB
10000 PO S
A\ Attt -
o 500 1000 1500 2000 2500 3000
i . : . ' ' : . Raman Shift (cm*')
2000 2200 2400 2600 2800 3000 3200 3400 3600
Priklad G Agents = nervové bojové otravné latky
GA — Tabun, GD — Soman, GB — Sarin a GF — Cyklosarin
. l,
Adapted from Christesen, SD et al. Appl Spec. 2008 Oct; 62(10):1078-83 7
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UV Raman: Vyhody UV excitace

* Slunecni a umélé svétlo: Pri excitaci pod 250 nm je Ramanuv
signal mimo slunecni zareni i oblast fluorescence

UV excitace umoznuje vyssi citlivost a specificitu: V porovnani
s RS ve viditelné a IR oblasti umoznuje detekci celého spektra
vcetné fluorescence neznamych latek

e Malad hloubka pronikani: Rozliseni vzorku na povrchu od
matrice nebo substratu, pouziti pulzi mékkého UV zareni (deep
UV laser) navic predchazi poskozeni vzorku

 Malé riziko poskozeni ocCi a kGze: Z divodu malé hloubky
pronikani se zareni nedostane na sitnici. Nebezpeci poskozeni
kiiZe se v podstaté nelisi od plsobeni sluneéniho zareni.

 Detekce Sirokého spektra biologickych materialt
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UV Raman: Detekce otisku prstu

Detekce otiskl prstl a jejich analyza zpravidla

Paper

vyzaduje pouziti detekcnich latek jako napt.
Ninhydrin pro zvySeni kontrastu mezi otiskem
a jeho pozadim.

18950
1650

16950

=
g

14950

Fingerprint cells

Velkou vyzvou v analyze otiskd prstu je jeji
provedeni bezkontaktni, neinvazivni a
nedestruktivni metodou.

12950

g

10950

g

&
Fluorescence Intensity (Paper/Text)

Deep UV fluorescencni imaging = detekce
otiskli prsta + jejich chemické slozeni

g

Fluorescnece Intensity (Fingerprint)
g

Fingerprint oils
4950

1050

DUV fluorescence (vlevo) vs. Wavelength (nm)

Ninhydrin (vpravo) na bilém papire

Girod A., Ramotowski R., Weyermann C., Composition of fingermark residue: a
qualitative and quantitative review. Forensic Science International 223(1.3), pp.
1024, 11 2012
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ThreatID - mobilni FTIR spektrometr s 10" * displejem

Sample 2020-06-01T14:37:57 REACHBACK EMAIL BT

Acetone
DANGER

b

Flammable Health Harmful

hazard |
Common Name: Acetone | @ G © @ [E

Synonyms/Trade names: 2-propanone; propanone; Dimethyl ketone

(#)-1-(9-F yi) f I

IDLH: 2500 ppm Cas Number: 67-64-1 SIAL_ATR-IR A
Score: 0.997

Flash Point: UEL: 12.80% e

Melting Point: ~ -93.89C (-137.0F) LEL: 2.50%

Boiling Point:  56.11C (133.0F) 1P: 9.69 eV 5'°‘°"‘$m“|;

Vepor Pressurs: 1801w Ho Solubility: Miscible i 7

Density: 2 Specific Gravity:  0.79 CAS:10412-98-3

Chemical Use:

Industry uses: Adhesives and sealant chemicals, Agricultural chemicals (non-pesticidal), Fuels and
fuel additives, Functional fluids (closed systems), Intermediates, lon exchange agents, Laboratory
chemicals, Material is imported as a component of a complete formulated mixture which is sold
for use in automotive refinishing., Paint additives and coating additives not described by other |
categories, Paper waterproofing, Ph itive chemicals, Pr ing aids, not otherwise listed,
Processing aids, specific to petroleum production, Propellants and blowing agents, Solvents (for
leaning and degreasing), Sol (which become part of product formulation or mixture), Surface

active aaents. Viscositv adiustors
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Konfigurace systemu

THREAT

* The only FTIR chemical analyzer with
Interchangeable ATR and 4 meter gas cell
+ 23,000+ solids and liquids spectra, and
5,000+ gases and vapors library on-board
* Pre-loaded with THREATASSIST software
+ 24/7/365 Reachback

THREAT(D

+ Dedicated vapor and gas analyzer

+ 5,000+ gases and vapors

+ Pre-loaded with THREATASSIST Software
+ 24/7/365 Reachback

+ Future upgrade to GLS system possible
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A MOLECULAR SPECTROSCOPY

THREAT{D

+ Advanced version of traditional FTIR solid

and liquid analyzer

+ 23,000+ solids and liquids spectra library
* Pre-loaded with THREATASSIST Software
* 24/7/365 Reachback

* Future upgrade to GLS system possible
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Ukazky software - identifikace cista latka

Sample 2020-04-09T14:24:40 FUNCTIONAL GROUPS  EMAIL BT

' w ‘ NoDoz Tablet (Caffeine)
" | Utsh TestLibrary
3 J J | ‘ ‘ Score 092 A

! CAS

SIALATRIR
Score. 0.91 S

A ‘ A\ A (] CA% 7033-39.8
\JJJ"JU |\|‘~ =

AN e’ SIALATRAR
Serww 0103

< @ COLLECT ANOTHER SAMPLE

” 5-Bromo-1,3-dimethyluracil
|
|
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Ukazky software - identifikace smes

Rapid Brush Cleaner Sample
2020-09-15T17:07:40

REACHBACK
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FUNC GROUPS

V¥ s 923AM

EMAIL

SHOW PRIMARY SEARCH

Sum of Components

A
Toluene

”» ®
2-Propanol

* R

Acetone

& &

Calculated
Score: 0.983

SIALATRIR
Score: 0,666
CAS 108883

SIALATRIR
Score. 0.245
CAS 67630

SIALATRIR
Score: 0.178
CAS 67-641

COLLECT ANOTHER SAMPLE
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Ukazky software - funkcni skupiny

¥ atsram

Sample 2020-06-01711:56:09 REPORT  EXIT FUNCTIONAL GROUPS

. ! | Uquids, Flarmmmable, Toxk, Comosive

3100 - 3400 o> 1, medium intensity
I 1000 - 1300 ¢ 1, variable intensity N

Sokds, Reactive, C Exph
2600 - 3400 crmy 1, medium intengity
I 1350 - 1500 em-1, medium intensity N

. Chiorate Salt
— g Solids, Oxidizer, Reactive, Explosive
: - RO0 - 1000 o). sttona intensity

T v T T T T —
COLLECT ANOTHER SAMPLE
y

Copyright © RedWave Technology
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Videa:

https://redwavetech.org/wp-content/uploads/2021/05/Gas-Cell-Module.mp4

https://redwavetech.org/wp-content/uploads/2021/05/Powder Lig-Revised-1.mp4

https://redwavetech.org/wp-content/uploads/2021/04/webinar-3-trimmed.mp4

https://youtu.be/fRszEhoF8MS

https://youtu.be/e2xLw0OtJVMS8

https://youtu.be/308tg6ChSel

https://yvoutu.be/ETLgDsOASOw

https://youtu.be/5X3-QWqtZ5Q - seminar
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https://redwavetech.org/wp-content/uploads/2021/05/Gas-Cell-Module.mp4
https://redwavetech.org/wp-content/uploads/2021/05/Powder_Liq-Revised-1.mp4
https://redwavetech.org/wp-content/uploads/2021/04/webinar-3-trimmed.mp4
https://youtu.be/fRszEhoF8M8
https://youtu.be/e2xLw0tJVM8
https://youtu.be/3O8tg6ChSeI
https://youtu.be/ETLqDsOASOw
https://youtu.be/5X3-QWqtZ5Q
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Dekuji za pozornost

Frantisek Kesnher

Kesner@nicoletcz.cz
603 554 788
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