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Photoelectron Induced Atmospheric Pressure lonization (PAPI)
- a Selective lonization Method for Molecules with High Electron Affinities

.

W
D
i

. Physical & Theoretical Chemistry
Valerie Derpmann; Klaus J. Brockmann; Thorsten Benfer Wuppertal, Germany

Institute for Pure and Applied Mass Spectrometry

Infroduction Experimental Setup Indirect lonization

. . . . . o o For photolabile analytes UV light * A new ionization method for analytes
Challenge: Direct Photoelectron Induced lonization  Indirect Photoelectron Induced lonization ||~ P Y 9 new 1 Y
L Operation sequence: (A<270 nm) with high electron affinity/gas phase
Development of an ionization method for 1. lonization position ity b d on th notoelectric
analytes with high electron affinity (e.g. nitro- ' * Use of reactant gas (e.g. O,) ceqetant aciaity bdsed on ihe p
compounds) which is: Reactant gas * The transfer capillary fea(’rures a ’r effect is infroduced
" Mercury UV-lamp quartz capillary branch (same gdas stream .
— sensifive stream (A=254 nm) 1.d.) partially coated intfernally (synth. qir/O,) * Benefits:
— selective Mercury UV-lamp with silver ' 2
— fast (A=254 nm) Quartz » UV light (lamp/laser) interaction — sensitive: defection imit < ppbV
s cheap | window 2. lonization position with metal surface yields slow : L .
Silver coating electrons — selective: outstanding signal-fo-noise
— easy fo handle . Analyte gas » Direct ionization of reactant ratios
— soft, without fragmentation of the analyte Analyte gas by electron capture Analyte gas
g stream 0 f , , |
gas QUC”’TZ v o Mass o !I-Onizedl ril-egcfgni gCIS is added STreOm(M) ) Gﬂ(]lyzer —> CIS'I'. I'eCI| TlmeTCIHOWSIS, NO SOmp e
« e ue , Il . , i O analyte gas stream repararnon necessar
—> State of the art ionization methods are stream | Laminar flow ion Source Silver transfer capillary Quartz transter capillary analyzer Efficien?r/ch?::rge ransfer from Figure 3) Indirect photoelectron induced ionization inside Prep Y
i i ' i * , dified transf ill i
ntofta:Iebfo fUIfI!I d""Of the rquU|remenis made of aluminum coating O, to analyte or deprotonation : Tm: e rans er;:apldary T T T — cheap: only PenRay-lamp and
starea above simulianeously . . : . . or most nitro-compounds indirect ionization is not necessary. ifi i
Figure 1) Schematic of the direct PAPI ion source, with two possible Figure 2) Schematic of the indirect PAPI ion source; see gﬁgfrg%ﬁ]zgwgn Eé?(;?yggn?;?%ﬁs' Example: modified QUOFTZ CODI”OI’Y
New Approth: ionization positions: ; ::::g: :?qn:‘:fl:rr ::Ig:/illlzrrlysource section “Indirect lonization” rransformation reachons 6eeur For ]th'fbl 3_rBeTT;;i_niTroth_eg%lzcgrgy_?:?ql Z‘:O%f the molecules necessary
— Use of the photoelectric effect at ke mis . = — easy fo handle: no consumables
atmospheric pressure . . . (gases etc.) or adjustments
— UV-light interaction with metal surfaces ’on,zahon M eChan’sm necessary
vields low energy electrons Signal D d Electron Affinity/Acidit High Electron Affinit Signal D d Reaction Ti ion Ti ft: hardl f tation of
Flectron capture forms exclusively negative ignail bependaence on tieciron INity/ACIAIty Ig ectiron NIty ignai vependaence on keacrtion iime < 1 ms Reaction Time — soft: hardly any fragmentation o
9 ) . . o e . . _ o _ -
! Kinetic energy of generated electrons: M ] . !on!zo’r!on of dinitrotoluene Isomers with severdl 3,0 T the analyte; [M]-or[M-H] is the
lons , o 108 1.4-Benzoguinone ionization methods leads to distinct signal patterns. 180 dominant signal
— No interaction of oppositely chargea o ~0.12eV (108 g/mol) Some isomers (mostly 2,4-DNT) show a dominant 25-
species Kinefic energy after collisions with bufter gas: . o [M-H]- signal while the others exhibit a M-signall. = * |onization inside the transfer capillary
— Chemical ionization of photo labile analytes ~0.025 eV ) Photoelectrically induced ionization of 2,4-DNT in air % 07 reduces ion fransformation processes
by the use of a reactant gas (e.g. O,) In air almost all slow electrons are captured by oxygen % inside the laminar flow ion source leads fto 2 o .
— lonization inside the transfer capillary: after approximately 20 ns (I<:2-1O'3ocm6-s4): §6 | deprotonation. Reducing the reaction time of the %J 15 ®* |onization of the CIﬂC”YTG without
only little reaction time for ion O,+e - Oy £ i generated ions from 5 ms fo less than 1 ms = exposure to UV light is possible
fransformation processes — reaction with analytes with high electron affinity: . (ilonization inside franster capillary) leads 1o M-, . . . :
. . | i+ v the M- sianal is ob di ®* Work functions in ambient air are
— A similar approach is known for IMS, but O, +M—> O, + M n pure nifrogen only ine Sighal 15 observed In 0.5 - :
leads to poor detection limits and high : : : .- , 2 - both cases. By adding oxygen the [M-H]- signal comparable to those at high vacuum
o — reactions with analytes with acidic proton: . . . Y JL
reaction times Increases at the 5 ms reaction tfime Ionization 0.0 R T N | e | o : :
O, + M = HO,+[M-HJ- \ oosition (Fig. 4) 50 100 50 . 200 250 300 For some metals, the electron yield is
O ek A M i 1 ° ° ° °
. . : : : ' ' ' ' ' highly surtace dependent, oxide layers
A |ICCIi'IOI1 and por’rlolly 02 +M - [M+OQ] 50 100 150 ;200 250 300 7 | . . . RNini mol e
pz I 2,4-Dinitrotoluene (182 g/mol) decrease the electron vield by several
— AIMOSPhESHc ¢ eml? Y Electron Gas Phase Observed Gas Phase AC|d|ty °or ) 5 ms Reaction Time CHs O orders of magni’rude
i Analyte M-HT- (=
— Detection of explosives y Affinity [eV]  Acidity [eV] Signal .. [M-H]" s Methviohenol 6 - [1{31] NT_ | | |
see also Session MPO1; Poster #006 107 - 138 V/p e|”0 T 5T 7 O e Silver surfaces give relatively constant
Oxygen 0.61 14.89 : (108 g/mol) = _ 5 - high electron yields at 254 nm
iy OH Z ® +
Methods gerwonunone 2215 W ?; 2. w3
> B S irerairure
>
, 4-Methylphenol -0.45 14.77 [M-H] /[M+O,] 2, £ 3- T ——— :
- =9 - A
D e 4000 e g MO, [ T e o § ) entanden sestochon Goseponc A b S 5 514
: . - C . . . e . . oge .
' o SR ST AEEERee 2-Nitropheno 1.12 13.77 [M-H]: 149 3 ® ® ¢ ¢ o PR *) lon mobilly spechomeny for defection of explosies and explosive.
IoN 1rap Nitrou T . related compounds, Talanta, 2001, 54, 515-529.
lon Source: Home built Laminar Flow lon -INITro-2£- _ _ 3) Song, Y.; Cooks, R.G. Atmospheric pressure ion/molecule reactions for the
1.29 15.07 M , , , , 1 . . . . fon/mc ct .
Source made of aluminum; Isopropylbenzene OO_O 0.2 0.4 0.6 0.8 10 { 196 Z‘i’fé’é’;iﬂf’?éﬁ?é’ é’f)’%'r’ﬁfé?ﬂ8§2°s§é’%'%%‘?"z6’8’2%S%‘?’?&?Iﬁ’?sf’”d -
quartz tfransfer capillary internally Sulfur hexafluoride 1.15 - M- 0 | . IJk . | | | , Oxygen ConcenTrOTlon _[%] . o 0 . B ' 4 brasaure Photofonisaiion:. I(:']Igc:l;or?%r;rgteusrseJD:Essﬁi%C;:\’/‘;eEllz,Ztg:T 82%75,’:
partially coated with silver o e 50 100 150 200 250 300 Figure 4) Dependence of the M /[M-H]" signal infensities on the O, 50 100 150, 200 250 300 Proton Transfer and Anion Attachement, J. Am. Soc. Mass Spectorm. 2007,
Lo Table 1) Calculated electron affinities and gas phase acidities m/z concentration for the 5 ms ionization position 18, 1789-1798.
Radiation Source: PenRay Mercury low pressure UV 5) Ténnies, K.; Schmid, R.P.; Weickhardt, C.; Reif, J.; Grotemeyer, J.

Multiphoton ionization of nitrotoluenes by means of ultrashort laser pulses,
Int. J. Mass Spectrom. 2001, 206, 245-250.

Determination of Work Functions and Surface Dependency of the Photoelectric Yield 6 Mahew, C.A;Suie P Petarion F; Hoidachar, . Jrdan. A; e L

Watts, P.; Mark, T. D. Applications of proton transfer reaction time-of-flight

lamp (A = 254 nm)

Work Function Determination

mass spectrometry for the sensitive and rapid real-time detection of solid
T . i . o o . . o o high explosives, Int. J. Mass Spectrom. 2010, 289, 58-63.
Radiation Source: Nd'YOg pumped OpTICO| EXperlmenfql SE'l'Up Probe plCITe WOI'k FU“C'l'IOnS EXpe"mentql Literature Phollloeleclllrlc Ylelds /) Hon’g, F. Pho;oembissiotn applied fogon mok;ilify Spe;:fromDefry ch> flefelcilf "
i i . : 9 .. explosives at ambient pressure and room temperature, Dissertation, Nor

parametric oscillator (OPO) carmying the Work functions are normally Metal Work function values *) The efficiency of the photo- Relative Photoelectric Current Dakota State University, 2004,
Measurement Aluminum ; ; fol measured in high vacuum with [eV] [eV] e.|ec’[ric effect for a me’[cﬂ at a 8) Inumary, K.; Okubo, Y.; Fujii, T.; Yomo_no_ko,fs. Effecf.;hqf of.?ani.c vapour
Chamber: Home built chamber with arget metal, “clean” target metal surfaces. . fixed wavelength is  strongly ) . adsorption on the photoelectron emission from Au thin films in

measuremen’r Silver 4.62 425 -4.74 . Aluminum Silver atmospheric air, Phys. Chem. Chem. Phys. 2000, 2, 3681-3685.
Faraday plate detector and n 5 OdJUSTOble The work functions listed in Table . . . Surchde depencl_ﬁnt C}’])lede Ilque.rS uminu 9) CRC Handbook of Chemistry and Physics; 88th ed. CRC Press; Boca
: chamboer acceleration ‘ i i may decrease the photoelectric Raton, FL, 2007-2008; 12-118.

meta bv surface lavers. , magnitude. In table 3 the photo-

lon current Sgrprisingly TZ\e measured values Aluminum 4.17 4.06 -4.28 electric yield for aluminum is | Aftersome days 0.01 0.75 ACk"OWIedgem enf
: : - ' compared for different surface : : :
g detector rerafure  vaives. N ISagree- tal (sil Both Nhibit k e VD: Graduate Student Research stipend, University of
; ; laser ' ment of the measured value for metal (siiver). Both exhibit wor
Numerical Calculations O : - VA Lead 4.23 4.25-4.14 functions below 4.88 eV (254 nm: Wuppertal
connected to old is still under investigation / | | | |
Soft . G ian03W: G : | g 9 . Ha-low oressure lam ) Table 3) Relative photoelectric currents of aluminum and silver e VD: German Academic Exchange Service (DAAD)
onware: aussian , GAaussian, INC. electrometer : : : : : g © © t 054
Table 2) Work functions determined in ambient air a nm o Bruker Daltonics GmbH Bremen, Germany
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