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Intfroduction lonization Method

Challenges: CH, © . L
g A UV-lamp mounted on top of the ion Analyte gas stream Quartz/LiF-window i - 3 I, 1 ® cAPECI is an emerging ionization method
® Search for an ionization method for analytes source provides the required radiation . crucial faec’zce)?f‘;c)lrophte”;]ftsn?c "15 ms reaction time [M-H] No < 1 ms reaction time I1\II8'2 I applicable for analytes with high electron
with high electron affinity (e.g. nitro- at A=185 nm. The interaction of this Housing . . 0.8- 181 miz 0.8 me affinity and/or gas phase basicity, such as
diati ith tal surf g of ion transformation > >
compounds) which is: radiation with metal surfaces produces cosses Z L % ® Oxygenated PAHs
thermalized electrons. A flute milled Glass capillary N >=2 206 07 o g 0.6
— sensitive inside the metal and the window lonization inside the inlet z 04 S ® Nitrogroup containing explosives
M 1 - — . n .Z " ]
_s selective material leads to the same gas flow and | capll-lary (<1 m> reaction s g 04 * Phenols
ion transport characteristic as in Metal plate as time) Y'?Ids the M S'g_”a' of T 0.2- 2 02-
— fast standard capillaries. The photoemissive photoemissive material, To mass 2,4-d|n|tro(;cg!:enelw.|tholtjt 196 m/z h ® Benefits:
. . . d ITionNna S|gna S. 0 — T ™ T a— l 0 | “— . | | | | L . . .
— cheap material is interchangeable. exchangeable analyzer 0 50 100 150 200 250 300 0 50 100 150 200 250 300 —> sensitive: detection limit < ppbV
m/z
—> easy to handle — selective: outstanding sighal-to-noise ratios
— soft, without fragmentation of the analyte — easy: simple interpretation of the mass
spectra
* GC coupling or direct sampling Left: The 2.4 6-TNT — fast:  real time analysis, no sample
5 6 ert: Ihe - . ’
x 10 X 10 A o) CH; O o) OH O . . )5 .
RZ = 0.996 1 1- obtained by desorption | | _y chean: only Pen-Ray-lamp and modified
Approach: > 5- 5 1.5 227 miz 228 m/z from a human tissue
PP = ; 08 M \s 08 . [M-HT with a synthetic air gas qguartz capillary necessary
. C 4- trini —_— > RN > SN
— Use of tl:1e photoelectrlc effect at g 1,3,5-trinitrobenzene T 4 Limi of Detection 2 07 o 2 0 o ream _ easy to handle: no consumables (gases etc.)
4y 3 © 0.6 .6 .. oy .
atmospheric pressure Q 3 X 2.4.6-trinitro- _‘g (S/N=3): £ £ 06 Picric acid is measured or adjustments necessary
: T 21 Nitrobenzene S 0.5 2 nMol/L °o ° . . |
—> Generation of thermal electrons by the o toluene 803 / £ 04 = 04 sensitively by direct — soft:  hardly any fragmentation of the
interaction of UV-light with “metal” surfaces 1 (2 fMol on column) E e sampling. However, lyte; [M] [M-H]- is th
5 0-& L L L L E 0.2 197 miz 0.2 with GC-MS picric acid Zna YiE, Orl 5 the
0 . ! =r ' 0 100 200 300 400 500 ominant signa
— Capture of thermal electrons by O, as 0 10 20 30 40 concentration nMol/L 0 . . . L. L. . . 0 SRRV S . - was barely observable 5
2 [ ] .
: : ] time [min] 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 even in comparably o : :
reagent gas forming superoxide, O, m/z m/z high concentrations Reduced ion transformation processes by
. . L Above: GC-chromatogram for a certified nitro- Above: Determination of (~ 50 uMol/L) ionization within the inlet capillary
— Exclusive formation of negative ions through . . the linear rance of the GC- 4 HIVIOI/L).
. . _ aromate-explosive mix. RDX and HMX were present . 5 3 X 10 y =96.34x + 1297.4 ® GC-cAPECI measurements are performed with
reaction with 0, in the sample, but were not observed, as it is also j cAPECl-ion trap setup for =25 R* = 0.998 a similar ion source, upon attaching a custom
. . . . P the case for the GC analysis with the standard Main gas stream 2,4,6-trinitrophenol (227 > For direct sampling , ’
— Avoidance of interactions with positive ions uti Daak 4 oth - . N . ¥ m/z). Injection volume 1 pL. S, _ ‘ GC transfer line
solution. Peak areas and other chromatographic (synthet|c a|r) > Limit of Detection desorption of analytes from | |
s Short reaction times through ionization characteristics are given in the table below 2 1.5 (S/N=3): targets may take place by ® Both ion sources show comparable signal
inside the inlet capillary Heating bIoc(:)k Hg-lamp =E 130 pptV heating the target or by intensities when coupled with GC, the ion
approx. 150 °C < (acquisition time < 1 s) desorption with an heated source inside the capillary allows fast
— Virtual elimination of ion-transformation From -o gas jet. switching between GC and direct sampling
processes GC Inlet 0 50 1Or?1ixing 150 [ppb\2/]00 250 300 ® GC analyses yield narrow peak widths and
— For GC coupling use of a heated ion source capillary Above: Calibration curve for 2,4,6-trinitrotoluene for | N\ show good linearity (nMol/L to uMol/L)
with matching transfer line = , To mass gas phase sampling. N ® The temperature of the transfer line is a
' ' analyzer crucial factor for the signal intensity
M ethdS GC transfer line 1- NP Left: Mass spectrum of a Compound Molar Mass ® Direct sampling without sample preparation is
Sheath gas flow mixture of six compounds [g/Mol] possible
Experimental Setup . : O\ i a: (nitrogen) 0.8 e without GC-separation 2-Nitrophenol (NP 138
The custom built GC transfer line (approx. 350 °C) is tightly attached to z Evcont for 2 Aedinitro. ' -Nitrophenol (NP) ® With direct sampling more analytes are
MS Esquire 6000 QIT, Bruker Daltonik GmbH the ion source held at approx. 150 °C. A nitrogen sheath gas flow of 1- S 0.6 P 3M2NP ol P ' ’ vtes vield 2,4,6-Trimethylphenol (TMP) =5 accessible
300 mL/min envelops the GC capillary. The main gas stream including —300:C ﬂ GE) 135 152 NP © Iuene d .analy. € Izl/ll? 3-Methyl-2-Nitrophenol (3M2NP) 153 ¢ D tion f : ble: tial
lon Sources Custom capillary ion sources with the primary ions is added to the analyte gas stream where the ion ;O'B_ —200¢ % 0.4- BQ 183 F&}IHC])P?:fZ? ’n;|eét 19(:; 2,4-Benzoquinone (BQ) 108 esorpo 'On TTOM SUTTates possi e.' >Pa .Ia.
anodized aluminum as photo emissive source exit funnel has the same inner diameter as the inlet capillary. . © 108 - The slg - resolution down to the mm scale is envisioned
, T : - L.0.6 0.2 m/z is possibly the oxygen 2,4-Dinitrophenol (DNP) 184
ma-terial Therefore the gas velocity is high, which results in strongly reduced © 196 o
ion-molecule reactions due to the short ion transfer time. % 04- 01— . L | DR | a:ductl of 2,6-Dinitro- 2Dl Ene i) 182
. . x . [ [ I [ 1 p eno .
Radiation PenRay Mercury low pressure UV @© 50 100 150 200 250 300
Source lamp (1 = 185 nm and 254 nm) lonization can also take place inside the capillary ion source as . m/z References
shown above. Then, the reaction times are shorter, leading to less AA /’MIW\ 5
GC GC 7890 A Agilent Technologies Inc background signals. HOWGVGF, the signal intensities are similar for O_M—AW‘W—,—M—,—. o ” o (|)| l)hA. Einsteirr:;Uber eil:en diekErzeugurlm’]g und Verwandlung des Lichtes betreffenden
¢ ) i . - euristischen Gesichtspunkt, Ann. Phys. 1905, 322, 132-148.
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. P Ab . G | K f 2-ni h | Cl | Cl 1- (114 d nth raq ul none) 4) V. Derpmann, H. Sonderfeld, I. Bejan, H. Kersten, J. Kleffmann, R. Koppmann, T.
transfer line . . OVE. >ignal peaks o -nltrop eno 11 245 m/z 208 m/z ” Benter; Highly Efficient lonization of Nitro-aromatic Compounds using Photoelectron
m Peak Width Peak Area S/N Concentration for two different temperatures of the -5 © - © Induced Atmospheric Pressure lonization (PAPI), 59th ASMS Conference on Mass
[g/Mol] (FWHM) [s] [ng/uL] . . _ M 0.8- M Spectrometry and Allied Topics Denver, CO, USA, 2011,
A Ckn ow’ed em enf ) tranSfer Ime' Decreasmg the tempe_ ..? 0.8 -'? 5) V. Derpmann, W. Wissdorf, D. Mueller, T. Benter; Development of a New lon Source
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