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® Soft Photoionization Mass Spectrometry
« Basicidea
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« Puff resolved investigation of smoking products
« Puff resolved fast GC-MS
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Basic idea of
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Photo lonization Mass Spectrometry
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PIMS - Soft photo ionization in vacuum
(no/less fragmentation than in EI-MS and no matrix
effects as in CI-MS)

4

direct MS analysis (online)
(including effective matrix suppression e.g. N, O,...)
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Introduction:

hofonion
Photo ionization - SPI and REMP] proionion

reflectron

Nd:YAG laser
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Vacuum UV Single Photon lonization (SPI)

* ionization with 118 nm laser photons (10.5 eV) or

* incoherent VUV radiation (excimer lamp, e.g. 9.8 eV [126nm] or s
Kr discharge lamp at 10.6 eV) s
«  soft ionization of most organic compounds E.m..aw intet H l"iyﬁm?‘
ppb on-line concentration range evactorplates GG TR W xa- VUV - cel
» suppression of oxygen (IE = 12.06 eV), nitrogen (IE = 15.58 eV), SPI (1+1) (2+1) (1+1) mc
carbon dioxide (IE = 13.77 eV), and especially water vapor (IE = REMPI REMPI REMPI

12.62 eV)

Resonance-Enhanced Multiphoton lonization (REMPI) N N | "
. ionization by UV laser pulses
(210-270 nm, ~107 W/cm?)
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. highly efficient soft two-photon ionization of aromatics

. ppb/ppt on-line concentration range A
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Photo ionization - SPI and REMPI 2
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Dynamic chemical cigarette mapping
Microprobe Sampling SPI-TOF-Detection
Sampling interval b
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inlet Xe-VUV-cell |
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Flow
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d (from PBL)/ mm >
Hertz-Schiinemann, R., et al., High-resolution time and spatial imaging of tobacco and its pyrolysis products during a cigarette puff by microprobe

sampling photoionisation mass spectrometry. Analytical and Bioanalytical Chemistry, 2015. 407(8): p. 2293-2299.
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Puff by puff analysis of THPs
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Applications Il
CNB and THC ratio in cannabis smoke
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Applications lli
Nicotine and THC quantificatio
iIn cannabis smoke
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PC 2 (42,00 %)

Applications Il
statistical evaluation of joint
smoking replicates
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PC 1 (48,40 %)

PCA — Principal components analysis
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Puff resolved pipe smoking 2Lt
[puff profile MS setup N <
e 55 ml « for ionization cw - deuterium
* 3 puffs per minute lamp max IE of 10.2 eV
* 3 s puff duration » Orthogonal ToF system

O first 20 puffs used
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Applications IV s
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Puff resolved pipe smoking
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Applications V
Puff resolved e-cigarette vapor
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Glycerin is main issue in online puff by puff MS analysis
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Aroma-Depot-Mix for
e -Zligarette
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Applications V
Puff resolved e-cigarette vapor
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Introduction PMF
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Non-negative/Positive Matrix Factorization applied to
coffee roasting gasses for roast phase determination
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Czech, H., et al., Resolving Coffee Roasting-Degree Phases Based on the Analysis of Volatile Compounds in the Roasting Off-Gas by
Photoionization Time-of-Flight Mass Spectrometry (PI-TOFMS) and Statistical Data Analysis: Toward a PI-TOFMS Roasting Model. J
Agric Food Chem, 2016. 64(25): p. 5223-31.
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Applications V

Puff resolved e-cigarette vapor

wis Non-Negative Matrix Factorization

Analytical Toolbox - Non Negative Matrix Factorization
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Three factor NMF applied to
puff resolved online e-cig
measurement
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On-line, puff-resolved GCxSPI-MS analysis
N
|
Heated transfer o
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Single smoking puff Separation step (57.5 s)
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Eschner et al.
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Outlook
On-line, puff-resolved GCxSPI-MS analysis

a Analytes' Pathway b
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SPI-TOFMS on-line measurement 162 m/z (nicotine trace)

Outlook
On-line, puff-resolved GCxSPI-MS analysis
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Signal Intensity [a.u.]

Outlook
On-line, puff-resolved GCxSPI-MS analysis

SPI-TOFMS on-line measurement 162 m/z (nicotine trac[)
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Acrolein vs. Butene

Aceton vs. Propionaldehyde

Isoprene vs. Furan
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: New Technique SHotorion

Single Particle MS (ATOF)

Aerodynamic lens

532nm laser1

b B E sizing unit . .
/»,—/B’ | ® Typically environmental aerosol

532nm laser2
ey

2018_ST43_Zimmerman

| : PHOTO-ATOF-MS
266nm laser 4 |—I| ]’Jli'l anaIySIS SINGLE PARTICLE ANALYZER
@ mass spe‘ctrometer S H.li ; c
' =

CORESTA 2018 www.photonion.de

ionization region
ks REMPI (PAHs) LDI* -
\r' It e ! " (inorganics)
P .i ........... III ...... "Illn Wl Hﬁ M
‘ .................. 1
<
=
)
L
(a) t=0 (b) t=tpmf (C) tptof+7 Hs (d) tptof+8'5 Hs (e) tptof+9 [d §
sizing pa'rticle Laser Desorption REMPI reverse LDI 2
laser inlet 5 . =
® i (10.6 um) (plume, 248 nm) polarity (residual, 193 nm) %
X “‘ multipl. z
Q
. TOF-$ g
2017 Passig et Ms 2 ToF- ® 5
MS1 - 5
al. Anal Chem E
ionization <57 e -
o



New Technique
Single Particle MS (ATOF)

Cigarette

soot dominated particle (size~0.7um) =
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New Technique
Single Particle MS (ATOF)
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Cigarette

New Technique
Single Particle MS (ATOF)

Soot/PAH particle (size~1.5um)
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. Summary phofonion
Online puff resolved PIMS
6P ® Soft  Photoionization ~ (SPI/REMPI)  0i0romms

CUSTOMIZED GAS ANALYZER

Mass Spectrometry enables a puff by g
puff resolved investigation of smoking e ,
products legal/illegal ones -
‘ L

® Release of active or target compounds |

rorororws  \/TRACELL e.g. nicotine, THC can be identified and

i =8 - . LM2X-PHOTO-TOF-M
! T ', - quantlfled SMOKE ANALYZER
—w photonion ‘

o —
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® PIMS is a technique for a fast and
reliable analysis of complex gas

mixtures
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