Ultra-sensitive Gas Chromatographic Analysis of PAHs with a
Temperature-controlled APLI-source
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Introduction Temperature-controlled multi purpose ion-source (TC-MPIS) Conclusions
Atmospheric pressure laser ionization (APLI) I' ’ 000 000 Running HPLC-APLI with a high water-content eluent A temperature-controlled atmospheric
coupled to a mass spectrometer is a very clearly visible mist HPLC-APL HPLC-APL (>30%) or at high flow rates (>1 mL/min with 10% water- pressure ion source is essential for a stable
selective and particularly ultra-sensitive on the window, o000 - Baseline at 45°C 20000 - Baseline at 110°C content) causes condensation inside the cold source LC-analysis with high water-content eluents
method to ionize and analyze PAHs via liquid of t Seoﬁrc;e\ . nearly complete °UeTemPeree) . regular” baseline “°reeemeerere) enclosure (see figure 2a) and leads to water droplet or high eluent flow rates. The temperature-
or gas chromatography (LC resp. GC)[1-3]. s 15000 | |oss of ionization 3 15000 1 formation and thus to absorption and diffraction of the elevated TC-MPIS prevents condensation of
It also has the advantage that non-aromatic > efficiency > W\/“/\/\AW\W laser beam. As a consequence, the available laser water and can be used for both liquid
analytes become efficiently ionizable after 2 10000 1 2 10000 1 energy is considerably lowered. Even background chromatography and gas chromatography.
derivatization with an APLI marker, i.e., an Figure 2a) no-heating (~45°C) JS < Signa|s are Virtua”y absent; ana|ytes are practica”y non-
efficiently ionizable PAH-group[4]. 5000 - 5000 - detectable. A baseline chromatogram with conden- Gas chromatography in combination with
\ N sation of water is shown in figure 3a. APLI is a very powerful method to analyze
The sensitivity exceeds all known ionization | o N B M - o o o N 0 N - o e To prevent unwanted condensation the TC-MPIS is PAHs present at extremely low concen-
techniques for PAHs such as atmospheric a clear window, e/ seconds e T soconds heated up to 150°C. Figure 2b shows the source trations. It is shown that GC-APLI-(TOF)MS is
pressure photoionization (APPI), chemical 1 nhe Ziifi‘g running at 110°C, experimental conditions are the same capable of analyzing PAH mixtures with an
lon-ization (CIl) or medium pressure laser ion- Figure 3a) HPLC-APLI-(TOF)MS baseline Figure 3b) HPLC-APLI-(TOF)MS baseline as in 2a. Condensation ceases already at 80 °C, even outstanding sensitivity and a linearity
ization (MPLI)[3]. /‘3 (TIC m/z 50-300) with condensed water inside the (TIC m/z 50-300) without any visible condensation with 0.75 mL/min (90/10 H,O/MeOH). Figure 3b shows covering 2 to 3 orders of magnitude.
Figure 2b) heated to 110°C source enclosure Inside the source enclosure the baseline chromatogram without any visible con-

Our enhanced home-built multi purpose ion Figure 1) Schematic drawing of the TC-MPIS in LC-APLI-mode | | Chromatographic conditions: Chromatographic conditions: densation at 110°C source temperature. The sensitivity of GC-APLI is significantly
source (MPIS) gives the opportunity to switch 1 - laser beam, rrllglges 2a / 2b) T;E)—(;\/IPIS In '_—C' source temperature 45°C, | source temperature 110°C, | decreased by application of a dry gas flow

. _ 2 - PEEK™- connector to LC, ode running a 30% water-- H,O/MeOH 90/10, flow rate 0.75 mL/min, H,O/MeOH 90/10, flow rate 0.75 mL/min, and/or the nanolLC end cap but shows
swiftly between GC and LC coupling stages to 3 - heating cartridges content eluent at 0.75 mL/min KrF excimer laser, rep.rate 100 Hz / 5mJ KrF excimer laser, rep.rate 100 Hz / 5mJ P b
the same MS equipped with various ionization flow rate narrower peaks. The electrical field
methods including APLI, APCI, and APPI. generated by the nanolLC end cap (figure

10) deflects most of the ions from the MS-

Dry gas and MS Inlet des'Qn ImpaCt iInlet. The dry gas flow has no significant

effect in combination with the nanoLC end

GC-APLI-(TOF)MS with TC-MPIS

Depending on the separation performance

some HPLC applications use an eluent with GC-APLI-(TOF)MS is an outstandingly sensitive oeak number  compound name 'B/Z GmOU”;:’n”OTO'Um” limit OfndieC“O” The use of dry gas in liquid cap arangement, however, the effect in
high water content and/or apply high flow method to determine polycyclic aromatic : aonihdlene-d s - = chromatography/mass spec- T e g rigure 6 (left) SSSA is considerable
- o : e ~Cg - . igure 6 (le -
rates [5]. To prevent solvent Condensathn It is (_:O_mpounds' To demonstrate this sensitivity the ) acenaphthylene-ds 140 15 os trometry (for example In ESI-MS Simulated SIMION/SDS
necessary to heat the source enclosure in a limit of detection for 16 PAHs was determined 3 acenaphthene-d . 164 19220 200 or APLI-MS) is required to tracings for a standard
controlled fashion. Elevating the temperature (see table 1 and figure 5). The analyzed sub- 4 fluorene-dq 176 142 25 prevent water drops entering spray ih(lterld)arr%ngirr?gnt
) L : : without (top) and with dr :
of the ion source prevents deposition of non- stances are both, part of the US-EPA-PAH-mix- 5 phenanthrene-d;, 188 n. d. the first vacuum stage of the : gas (bottorl?\) g |_|teratu e
lonized compounds thus significantly decreas- ture, and part of the EU-PAH-priority [6] mixture. 6 anthracene-co . . 2,5 mass spectrometer. The impact = .
ing the background signal / fluoranthene-d, 212 24 5 of drv aas and other critical - ming For details on the ] . .
g g g : 8 rene-d 519 9 5 Y9 _ _ 100 it Shrvens (11) dry gas on smulation procedure, see 1)Constapel, M,; Schellentrager, M.; Schmitz, O.J.; Gab, S.;
To reduce Contam|nat|ons of the InjeCtOF un|t an PY 10 pal’ametel‘s (e|eCtI‘IC8_| fle|dS, % . ror TPO70 ’ Brock_mann,_K.J.; Giese, R, I_Senj[er, Th., Atmosph_erlc;-pressure
. . . . 9 benzo|c |fluorene 216 46 10 trical 1) of : poster laser ionization: a novel ionization method for liquid
As an ultra-sensitive method GC-APLI is activated carbon filter was inserted into the 10 benzo[a Janthracene 228 439 100 gheome fnca arrangeme_nl ) O § om0 ghrorpatog;%ggyllgnggsésgg%ctrometry, Rapid Commun. Mass
: " : carrier gas line as well as an Siltek™ deactivated 11 chrvsene-d 240 2 0.5 the mass spectrometer inlet ) | pectrom. , 19, 326-
susceptible fo a number of critical operational 2 glass | d the Merlin MicroSeal® ihylchryse design is still under investigation | P Figure 7 (below) - 2)schiewek, R.; Lorenz, M.; Giese, R.; Brockmann, K.; Benter, Th
parameters (e.g., sheath gas or dry gas flows), quartz giass finer an € Merin Microsea . >-methylchrysene 242 al 10 9 9 : Photograph of a Géb, S.; Schmitz, O.J. Development of a multipurpose ion
to the mass spectrometer inlet design (spray septa were 13 benzo[b ]fluoranthene 264 - d. for the MPIS geometry [7]. commercially available source for LC-MS and GC-API MS, Anal. Bioanal. Chem. 2008,
: : : . used 13 benzolk |fluoranthene 264 . d. GCAPL standard spray shield 392, 87-96
shield and caplllary cap geometries) and, in ' 14 benzola |pyrene-d,, 264 57 15 A couplina of aas chroma - e (right) and capillary cap ~ 3)Schiewek, R.; Schellentrager, M.; Monnikes, R.; Lorenz, M.;
particular, to electrical field gradients. 15 indeno[l,2,3-cd]pyrene 276 795 200 ping ol g 5 oo of type “pacifier” (left) Giese, R.; Brockmann, K. J.; Gab, S.; Benter, Th.; Schmitz, O. J.
S . e tography/mass spectrometry, - Ultrasensitive Determination of Polycyclic Aromatic
Even mOdeSt contaminations in the UpStream 16 benzo[ghl]perylene 276 109 30 artlcularl Wlth APLl |S also é 2000 - Compounds with AtmospheriC_Pressure Laser lonization as an
GC injector system cause strong background 17 dibenzola,h Janthracene 278 180 50 P y ) Interface for GC/MS, Anal. Chem. 2007, 79, 4135-4140
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: : : : . . . . . . . enter, Th.; Schmitz, O. J. A universal ionization label for the
contamination in the injector system is an ]23 ‘jienzo[[‘"?]]pyre”e zgi 'j‘ plara;metlefr_s.llg par(’;l_culflr_ | ° APLI-(TOF)MS analysis of small molecules and polymers
- : - venzo|a,rjpyrene - d. electuical 1ieila gradients in ciose Angew. Chem. Int. Ed. 2008, 47, 9989-9992
activated carbon filter mounted upstream in : e . " . AR
the carrier aas ine P 2] dibenzo[a,h [pyrene 302 n. d. vicinity of the inlet are critical, as 8a) GC-APLI-(TOF)MS (EIC 228 m/z) with 5)Cohen, S.A.; Michaud, D.P. Synthesis of a Fluorescent
gas ine. z fable 1) Detection mis and amunts on olurr well as the cry gas flow, DEtvatiing Reapent, o AmPogUnl Ny uCcinmicy
determined with GC-APLI-(TOF)MS via 3s-concept (n=2) different dry gas flows : A L
. d. = not determined Amino Acids via High-Performance Liquid Chromatography,
-d.= ! : : : : L Anal. Biochem. 1993, 211, 279-287
A simulation of ion rajectories is o 6)Simon, R.; Palme, S.; Anklam, E. Validation (in-house an
1 — given in figure 6 for the standard o 100 e/t Enmsens (1) collaborative) of a method based on liquid chromatography
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