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Numerical Simulation of Reacting Flows of lons aft % 100MS
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Atmospheric Pressure - the Reactant lon Peak in IMS B
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Reactant lon Peak (RIP) Model Geometry
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Infroduction Monte Carlo Reaction Simulation (RS)

. . . . e . °
K s e (0 ors oo s v on Mobilfy Spectrometry (IMS) Proton Bound Water Clusters*S Anew exension to SIMION / SDS for the
electrical force. the motion of fons under AP conditions is Thl\c/eI RetacgonlSlmulat‘IOI;(tRS).MoldL:Ie uses  Basic Simulation Loop lon Mobility Spectrometry (IMS) separates ions by [H(H20).]* from Chemical lonization simulation o .chemlcal reactions (RS) of ions
governed by viscous drag / viscous transport and molecular ah OI:I el ar o.approac O simulate The reaction simulation module performs the their electrical mobility at elevated gas pressure: Chemical ionization initially forms HzO*: at atmospherlc pressure was deveIOpEd and
In the past years, the successful simulation of ion transport Instead of calculating an exact result with a  trajectory calculation of SIMION / SDS: electrical gradient Nt 4 9N, = Nt 4+ N (2) 121.5mm e Th ; : ton b d water clust
phenomena at AP conditions became possible through the deterministic algorlthm, Monte Carlo e For every iOﬂ, calculate the local reaction e lons with low mobility have lower drift velocities f 2 4 . 2 l E e SyS em?°o prO. on nound wa .er clusters
development of powerful numerical models like the methods use random sampling to describe orobability p: and therefore longer drift times Ny +H20 — HyO™ + 2N, (3) Inlet Gate Detector Plate = [H(H20),]* at “moist” atmospheric pressure
statistical Id'lffusm:i S'WUIa;t't?" (SztS) extensl|<on fsc:ng]; a system statistically. k = reaction rate constant, e Drift time directly corresponds to the ion mobility HyO" + Hy0 — HzO™ + OH (4) 4.75mm ) conditions was successfully modeled with
commercial ion optics simulation software package - - : — ). _ : :
102 P packas They often allow the nurnencal simulation P = H(Cz) k-dt «- concentration of i-th . . the resulting (Hs0)* clusters with water: . Tmm LN the RS extension
- - of complex systems, which would be i reaction partner RIP: Signal of Primary lons H30" + Hy0 + Ny — [H (Hy0),]" + Ns (5)
In addition to pure transport, reactive ions can undergo difficult with other methods. dt=time step length In IMS with chemical ionization (APCI) distinct ion S v ® The results from RS are in very good
complex chemical transformations at AP due to the high signals occur, which do not correspond to analytes. Fast Water Cluster Equilibrium > S f
lision rate. Due to th tine high number of bossiby , o , n VT agreement to the results from a
collision rate. Due to the resulting high number ot possible e Generate a uniform distributed random value r They are called Reactant lon Peaks (RIP). A distribution of proton bound water clusters [H(H30)n]* g - th tically diff N ical del
reactive collisions, even reactions with relatively small rate Current Impolementation : : : “« ”. : - : e TSR 0 Mathematcally aifrerent numerical mode
cant 4 afficientl np _ _ e If p <rthe reaction event is considered “successful”: Those signals result from primary ions, generated in is formed by an formation / dissociation equilibrium: Q
constants may proceed efnciently. The actual implementation of RS is capable , , e : H(H,O T L H,0+ Ny = [H(H,0) |7 + N, (6) (Chemked)
of simulatine reactions of ions with neutral e remove educts from simulation the chemical ionization process which transfer the [ (Ha )n—l] +Ho0 + Ny = [H(H20),]" +No . : .
In common atmospheric pressure ion sources, the total j ion-i ' e add products to simulation 8 Y Y : The relaxation time of this equilibrium is much faster : : ® The simulated peak shape of the reactant
P P : reaction partners (no ion-ion reactions at on time _ Electrical gradient: 317 V/cm
transformation of any set of reactive ions is almost oresent) e move on to next reaction One important RIP results from proton bound water than the drift time in IMS [3], therefore in the whole ion peak (RIP) is in good agreement with
inevitable due to the long residence times of ions in the ion clusters. cluster distribution occurs as one distinct signal - the Figure 1) Schematic of the simulated IMS geometr tual rimental dat
source and the high concentrations of possible reaction Reactant lon Peak (RIP) 'gu | o J Y actual experimental datd
partners. ® Considering the given uncertainties in the

Therefore, a comprehensive model of the dynamics of ions at
AP conditions has to include a chemical reaction model in
addition to a numerical description of the pure ion transport
effects.

In efforts to achieve a step towards such a complete C’us,'er SpeCies DiSfribUfion

simulation input parameters (ion mobilities,
reaction rates) the simulated RIP drift times

are in very good agreement with the
R’P Pedk experimental results

Results

Cluster Concentration Time Series

description of the dynamics at AP, we have developed a
reaction simulation (RS) extension for a previously existing 1.0— . . . . S ——— ® The RIP simulation is numerically very
ion transport model (SIMION / SDS). Water Mixing Ratio e The water cluster distribution 1.0 e—e | — n=1 ! ! ! ! * Very good agreement between Drift Spectrum Comparison e Good agreement between demanding (fast reactions, high water
To validate and test this new model we performed B 10ppmV depends on the water mixing e i g g : Chemked and SIMION / RS B [ reereses ? | | experiment and trations). Theref ' the RS extensi
simulations of the reactant ion peak (RIP), which is a 0.8] — ;ggggm | ratio in the background gas: \ S A il S R o Very fast relaxation of the proton —— measured il simulation in terms of CONCENLrations). ThEretore the R extension
common observation in lon Mobility Spectrometry (IMS) and — Pty e Primary cluster at 10 50.8 e | T . bound water cluster system: I R _— Ml basic peak shape appears to be suitable for modeling of most
served as a demanding benchmark problem for the reaction L] ppm ) = ; ; ; ; Th librium | hed aft é é ! S , reaction svstems in terms of numerical
simulation ppmV water is n=4 & A | — n=6| : : : e equilibrium is reached after | e The axial diffusion of ions, Y
- 0.6} _ 1 : c > | — =7 f f f f at last 3 ps. E : : i :
In this contribution we present a detailed discussion of the g ® At 1000 ppmV the primary Y0.6 —- ----- SEEEEEEE T ' P B Shank " Iu . _ 4 806:' \t/)VhICQ Iez.ads t.0 peak costs
: : : — C ' ' ' : : : o) S . .
developed nufnlf]rlcal moc_aleli the I:,umu_ltahmn ;c;sultshanq al ‘g“ . clusters are n=5 and 6 s fo 3;tr;eh?;<shrz§£r:neiactzgrespon : ' | ',l||| | u::jaer:;i”rﬁ; 't“; 4 by the e [f the thermochemical data are available,
comparison o e numerical resuits wi anotner cnemica N : : : : .
kineg del d [ | d 'r% 0.4F ] ° The water dependent mean 8 . . TEUO.4— --------------------- A A |' B - - I tl th S”V”ON / mOSt Of the usua"y encounterEd reaCtlon
cs model and experimental data. cluster size results in a water N 0.4 R R R - e |ndividual clusters undergo = | i I ? simufation wi . b deled with f
— : : , W T T B . .. .. c : : I |: :
dependent mean ion E : S 5 dissociation and association i | SDS / RS. systems in APl can be modeled with RS, for
M efhods . mobility = 05 ! 3 | ' ' reactions with high frequencies s e ',' R = e e Space charge effects, example:
. = — Z ] - - - B\ - - o ... : ......... : ......................... — . . . M
e Virtually no small clusters / ; ; e The whole cluster system is jy JIJJ Wthh were.not » Clustering of analyte ions in lon Mobility
Numerical Methods N (n=1,2,3) even at very low - : § . . detected as only one ion mobility __ I i . considered in the
o o - ' e : : - i : IE 16 17 18 19 20 calculation could lead to Analyzers
lon Trajectory Simulation: 0.0 SV Jl L water mixing ratios O.% dat RN A A, sl matag signal in IMS (see Fig. 4 on the TOF [ms] . | | |
. . . . n=1 n=2 n=3 n=4 n=5 n=6 n=7 n=8 0O 05 10 15 20 25 3.0 35 4.0 right) an increased axial » Cluster Systems relevant in Atmospheric
SIMION charged particle simulator (v8.01) with Statistical cluster size t [us] diffusion o _
Diffusion Simulation (SDS) Extension . : . . . : : , _ Pressure lonization (See also Session
Figure 2) Simulated equilibrated distribution of Figure 3) Simulated evolution of the water Figure 4) Simulated and measured RIP of MP29 Poster 672 and our Talk in
Reaction Simulation: proton bound water clusters [H(H20)n]* cluster distribution (water mixing ratio 50 ppmV) the proton bound water clusters [H(H20)n]* 7
e Custom developed chemical reaction simulation (RS) (CK = Chemked; RS = Reaction Simulation ext.) Session MOG)

extension for SIMION / SDS

» Declustering processes in ion funnels
® Chemked reaction kinetics solver (Version 3.3) N o ’ Q ’of and similar ion optical devices
Experimental Methods umerica uaii y
lon Mobility Spectrometer: . e RIP drift time is directly dependent on the water mixing

e Custom made IMS (ISAS, Dortmund, Germany) 50.0L =< measurements | | glaetliOC)eg(lngntfégg rlgwige'a;)cluster size which is water s'TOUIGflon Particle Number SI:;“U'CI"IOH Time Sfep Lengfh Liferafure

e 12.1 cm drift distance, 317 V/m linear electrical gradient OO simuation, mobiliy corr. lons The level of ical noi N di= 0025 us If the time step b t
.1 cm drift distance, m linear electrical gradien , . o .. | | | o Vv numerical noi ~) At = . o m m _ . o .
| 5 V v simulation, mobility uncorr. e |f the ion mOblllty (KO) of the individual cluster Species IS 100 |On55 5 5 deireeaseeSOWitl:] inecrzzsmogse Q) d'l' 5 0.025 IJS 5 |Ongethe|eoscae|preae§tci)ones 00 1) ﬁ]p;pjelfl\\/?;sss, SApZZt?:r:I,éDoﬁ.SSIZAZZILOll\I_Ilan optics simulations at atmospheric pressure.
O | . - : : : TR cogl A SO U PO SRS S 0.8f , - : ) 2544, 1-14.
Faraday Plate detector 1O . 5F oo N~ <V 7 S - eshmated from 1;h€|r mass [1]’ (Ignorlng Ion geometry) '(% o8 b f G | d icl £ . 5 5 5 5 5 5 5 babili b 1 2) Wissdorf, W.; Pohler, L.; Klee, S.; Miller, D.; Benter, T. Simulation of lon Motion at
® Entrance shutter grid: Bradbury Nielsen grid, opened : : , the simulation dlverges from the experlmental data = number ot simulated particles = probabllity p can become > Atmospheric Pressure: Particle Tracing Versus Electrokinetic Flow. J. Am. Soc. Mass
for 300 s every 100 ms 7 “uncorr.” in Figure 5). R L R R [ e Even with only 100 simulated e AN T T e If the number of such “invalid” ety b ermodmamics ond kinetcs of the aos.phase
S O , Y. K ,S.; , P. -
lon Source: © : , , e A slight correction of the estimated ion mobilities of - . , ions, the rough temporal Bo4 MAWAMMMA AWML MY reaction events gains reactions H30+(H20)n-1 + water = H30+(H20)n. Journal of the American Chemical
. A0V AN i . .. . . RO4r W N A SRR NRLLE . . A : : 5 5 : . g . i i -
| _ o g 19.0p ; ’ ; distinct cluster species gives a very good agreement E ‘1 ; : : ; concentration development is o it significance, the simulation Y i::lr:r;g|8-zé>jic;?c(6|)’-151?5;:62 N Homing. E. C. Identifcation of positve
® Atmospheric Pressure Chemical lonization (APCI), dl__:_ | | ’ between simulation and experiment (”COFF." In Flgure 5) <Z30 5 ‘\‘ _______ o ______________ observable 2 02fff --------- -------- --------- -------- ------- result becomes invalid reactant ions obser’vé’dfornitrbg;en .c’arrierga.’s‘ in p.lasma chromatograph mobility
primary electrons are generated by a Tritium B radiation = ; ; ; lon Mobilities: i é é | Cluster : , A R R _ o studies. Analytical Chemistry, 1975, 47(12), 1956-1959
source (500 MBQ) 2 18.5 o Kz /S - | n=1 * 1000 simulated parhdes allow 0.9 ’A\\\ i i : : : : : ° A typlcal effect of this is the 5) Kim, S. H.; Betty, K. R.; Karasek, F. W Mobility behavior and composition of hydrated
~nd < § Cluster Size Ko (uncorrected) |Ko (corrected) : o to model the RIP drift times 00 10 t%iﬁ:] #5 30 35 40 occurrence of severe l/iosilﬁ‘/_e ffgf\wn? "0"5{gféassgc'lzhfg%%tg%fghy with nitrogen carrier gas.
Drift Gas Dilution: 3 57 357 n;3 with sufficient accuracy: The 1Lo————————————— oscillations (see a) after 3us) nelvical Chemistry, T978, S004), 200620tz
® Nitrogen with 2000 ppmV water was provided by a > 76 > 76 S =1 numerical noise is well below ol b)df=0003u$ _____ n ® Inappropriate time step lengths
calibration gas generator (HovaCAL 3834-VOC, IAS, 18.0p 5 1720 ] ' ' e n=5 the uncertainties of the = lead also to wrong final A Ckn oW ’e dge m enf
Frankfurt, Germany) 1 V 2.35 2.35 g n=6 simulation input parameters %0.6 ........ i i concentration distributions
; o =7 5 ) : : : : : f f . . . . .
® Lower water mixing ratios were generated from this gas E - E E 2.09 1.97 (-5.5%) 5 4 o . (note the difference in a) and b) Financial support is gratefully acknowledged:
e 17.5H S v A — ] - & G 0.aff [ - -
by exponential dilution in a flushed glass bottle 101 102 103 n=5 1.90 1.88 (-1.0%) E s in the stable region) ODFGd(BE212.4/6-.1) i | i
" : : : Water Concentration mvV S ] _ . 5 A S S S R ) . . _ e Bundesministerium fur Bildung und Forschung
® The water mixing ratios were checked with a moisture ppmV] n 1.77 1.77 - Figure 6) Effects of simulation =0\ Figure 7) Effects of simulation time e Ministerium fir Innovation, Wissenschaft und Forschung d
. . . . H 1 . . . : : : ' : : : : . . ’ g es
monitor (Panametrics, Series 35, Hoheim a.T., Germany) Figure 5) Dependence of experimentally recorded : - o Lyt 1 oarticles number on RS simulations ; o~ | ctep length (df) on RS simulations Landes Nordrhein-Wesitalen
) ] - - - A —— ¥ I Niad ! ~ o o . B
ion current on the deflection voltage reduced ion mobilites (Ko) are given in 10° m=V="s 080 02 02 06 05 10 12 14 16 (600 ppmV water mixing rafio)
us




