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Instrumental Adaption and OutlookApplicative Outlook

Filter sampling and desorption for
studying a variety of particle sources

Utilizing high repetition rate lasers to
increase ion yield and sensitivity by

creating several ionization events during
ion accumulation of the C-Trap

Different Laser wavelength (KrF Excimer,
9th harmonic of Nd:YAG, Optical

Parametric Oscillator)

Coffee roasting [9]

Oxy-PAH from wood combustion [8]

Toxic and carcinogenic compounds from
engine exhausts [7]

Summary and Outlook
•First proof of principle realization and evaluation of REMPI at
high-resolution Orbitrap platform

•Investigation of primary emission scenarios are of great interest
(evolved gas analysis)

•Coupling to other devices possible (e.g., thermal analyzers [10]
thermo-optical carbon analyzers [11])

•Use of other wavelengths to access different molecular intermediate
states (shift selectivity to other chemical compounds)

•Use of high repetition rate laser to increase duty cycle of the
instrument (multiple ionization events during ion accumulation of the
C-Trap)

•Sensitive + selective vacuum photoionization by REMPI
•Direct ionization inside the C-trap
•Non-heated and heated inlet (GC coupling applicable)
•Successful evaluation on complex petrochemical materialsTa

ke
ho

m
e

non-heated 
gas inlet

Laser

C-Trap

Orbitrap

b)
Nd:YAG laser beam 
266 Anm. Ø 0.7 mm Orbitrap

mass 
analyzer

curved-
linear trap 

(C-trap) heated
capillary

inlet coupling to 
heated transfer 

line and GC

a)

GC

PC

heated 
transfer

DAQ1 DAQ2

[1]

Experimental

•Non-heated capillary inlet for volatile compounds, as well as a heated inlet
for semi-volatile compounds to an OT Exactive series
•Coupling of gas chromatograph (GC) to the heated inlet for sample
injection

•Introduction of the laser beam by modified flange (MgF2)

•Laser shot triggered on OT measurement cycle by delay generator

•Data acquisition by two different DAQ systems
I. Built-in system
(Thermo Fisher Scientific)

II.FTMS Booster X2 [5]
(Spectroswiss)

•FTMS Booster X2 allows deep
full profile data evaluation and
absorption mode

• Sample material:

I. Standard gas mixture
(Benzene,Toluene, Xylene and
Trimethylbenzene)

II. Standard PAH mixture (18 compounds)

III. Complex mixtures of petrochemical (heavy fuel oil (HFO), marine gas oil
(MGO) and tire oil) [6]
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266 nm ø 0.7 mm

Curved linear Trap
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Motivation

Ground state

Resonant intermediate
state

Ionization continuum

hv

hv

1+1 REMPI Scheme
Excitation of the molecule into

an intermediate state by
absorbing one photon.

Ionization of the molecule due
to absorption of a second

photon. This process has a high
efficiency due to the long lasting

intermediate state.

Selectivity
By choosing specific wavelengths
for REMPI, molecular intermediate
energy states can be targeted.

Therefore the molecular species,
e.g. aromatic compounds, can be
selected and ionized with a high
efficiency by using 248 or 266 nm

lasers.

•Polycyclic aromatic hydrocarbons (PAHs) are of increasing interest
due to diverse environmental and health effects

•Trace analysis in gas, liquid, particle state necessary to monitor the
exposure

•REMPI offers the possibility to selectively ionize PAHs with high
efficiency [3,4]

•REMPI is mainly hyphenated with time-of-flight (TOF) mass
analyzers (mass resolutions from 1000-10000 m/Δm)

•Isobaric complexity of environmental and petrochemical samples
demand higher mass resolution and accuracy

•REMPI for sensitive and selective PAH speciation was successfully
implemented on an OrbitrapTM (OT) mass analyzer offering high
resolution (140,000 at
m/z 200), dynamic
range, and mass
accuracy

•Instrumental realization
required complete
dissembling and
reconstruction of the OT,
removing multiple ion
optic elements

•Restructuring of the system in a new custom rack for field operation
and online measurements
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Figures of Merit and Application
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•Limits of detection down to ppbv-level

•High mass accuracy, resolving power and dynamic range maintained

•GC coupling allows to resolve simultaneously isobaric and isomeric
interferences

•PAHs, alkylated PAHs and PAH containing heteroatoms/heterocyclic rings
detected

•Mass splits down to 3.4 mDa (SH4/C3) at m/z 252 resolved
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Molecular cartography


