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Introduction Experimentall

lon separation building on the electrical mobility K is a 0% —wu —wu | The HIKE-IMS allows experiments at reduced electric field strengths || HiKE-IMS (Leibniz University Hannover): analyte
classical method in analytical chemistry. The °o ot | (E/N)also prevailing in DMS or in the ion optics of API-MS. l
traditional ion mobility spectrometry (IMS) uses the §°%] o mora | Previously, we successfully modeled the drift time of proton bond * Method is based on a classic drift tube IMS 20 - 30 mbar
abSOLU;Cfe mObi:itV K, th:|e more modern [r)nl\;tshOdS, £ sono- water clusters in an HiKE-IMS inducing chemical transitions between || ¢ lon separation in the drift tube (L = 30.65 cm), which = [
e.g. differential ion mobility spectrometr use i [4] ' ' . .

g Nntia y sp Y ( ). _ . MJ‘ clusters (see figure 1). is couplefj to the reaction tube (separated by a reaction tube | drift tube L it cas
the electric field dependence of the ion mobility, oo L LI Nl JL_____| In this work the effect of chemical modification of the drift gas in an shutter grid assembly)
which is described by the a-function.l!l Dynamic - amimerms HiKE-IMS is studied. Chemical modification is the deliberate || * Analytes (Acetonitrile (ACN) and 1,3-Diamino- df:o:ma L 30.65 cm —
clustering/de-clustering processes and the change of  exo- =0 mm=ssone | introduction of effective clustering agents to the drift gas, which oropane) are added in pure nitrogen to the reaction © 0 o8¢ |
the collision cross section are primary reasons for this 6000 1 — Z:Eg;g 1(1)';:3;3 significantly change the mobility of many analytes. This technique is tube and are ionized with a corona discharge shutter grid
effect.l?l Recently, the High-Kinetic-Energy-IMS (HiKE- %4000 = 75.0Td 1200t | frequently used in DMSI and IMSI] to improve separation efficiency.  Nitrogen is used as modifiable matrix drift gas in the Figure 2: Schematic setup of the HIKE-IMS
IMS) was introducedB®! - 3 technlque, which is ‘é Figure 1: Comparison of experimentally generated drift tube (pumped through the reaction tUbE) : : : : :
operating at reduced electric field strengths 2 water-RIP (top) and simulations (down) | For Detailed simulation results see poster||| , oL et e 100 procc (2030 mbar) and a * High reduced field strength (> 120 Td) comparable to DMS or ion optics are possible

bl t DMS d th h h f Id t I of the same system (T = 322.15 K; ThP 299: D. Erdogdu et al.; Simulation of Cluster p p . ° H|gh resolution (even Cluster transitions are Observed)

comparabie 1o and other nign-Tieia separation O 02 o8 o8 1o 12 17 185 18 20 DP = - 35.6 °C) in dependence of the | Dynamics in High Kinetic Energy IMS (HiKE-IMS) temperature of max. 45 °C (min.: RT) .. :
methods. drift time (ms) reduced field strength - Ideal conditions to study cluster dynamics

Drift gas modification with ACN ACN: Temperature and water dependency

— e00talal ——al -+--al ——al+39ppbV -+--a2+39 ppbV -Di i ——al, T=45°C -~ al, T=45°C . .y .
301 — gg:gg ACN ——al + 0.6 ppmV -+--a2 + 0.6 ppmV al+ 1.6 ppmV a2 + 1.6 ppmV 113 Dlamlnopropane ——31. T=22-23°C 32 T=22-23°C Even W|thOUt addItIOna”y attaChEd mOdIerr mOSt
With Acetonitrile (ACN) as analyte anc ?Z,SE-04 -~ Similar to ACN as analyte, 1,3-Diaminopropane 2 8E-04 of thg ana.lyte.s.pecn‘lc signals exhibit rising rgd.
- modifier two main signals are observec :z'st y . generates (1,3-DAP) specific signal patterns (three 5 mob!hty with rising E/N. ThUS., a.nother clustering
: g - g . main signals, see figure 6). All detected species have || = 2,6t-04 species must be present. This is most probably
as shown in figure 3. Note the tiltec = | 8 ’ & )“ SARAS P . £ dual water in the drift
; olateau between the signals, which > 5 4E.04 - .~ a different rising red. mobility with rising E/N, which £ residual water in the arift gas.
| indicates a chemical connection between = - suggests that pronounced clustering mechanisms are || £ 24604 - Note the negative temperature dependency of the
: : 2 e ' ° ACN-species (see figure 7), which supports this
. . both species (cluster “switch”), also seen 22600 { | . effective. 2 eoa - peci ( sur ) PP .
| | ' . | | in figure 4. The noticeable step between S |oaee . Note the missing change with modification of the || presumption. The residual water concentration
0.60 0.65 0.70 drift(Izi.r7ﬂSe - 0.80 0.85 0.90 . [l E . ] ] . w . . o
. o 60 and 70 Td indicates a change in the 2,0E-04 - - - - . drift gas. The ACN self-clustering chemistry is thus ey I// seems to be much higher then any modifier
Figure 3: Observed cluster-transition processes of ACN (0.9 ppmV . 20 40 60 80 100 120 h d th di ’ ' ' ' ' ' concentration: thus the shifts of ﬁgure 6 are
in the reaction tube and 1.6 ppmV in the drift gas) at Clustermg state. red. field streneth in Td much more pronounced than any direct DAP-ACN 20 40 60 80 100 120 . ! .
three representative E/N. (Signals of the water-RIP ' 8 L int ti E/NinTd explainable by water-analyte clustering.
. S . . Red. mobility of th  ciomale of i interaction.
marked with w and analyte-specific signals with aX) Fgure 4: Red. mobility of the two main signals of ACN in Figure 7: Red. mobility of the two main signals of ACN in dependence of the
dependence of the red. field strength with different ——2al -+ 32 o33 ' . .
1,0 . . . . . : red. field strength with temperature
E | lead ical i | i ’ [H+(ACN)]* ET— modifier mixing ratios (ACN) in the drift gas ——3al + ACN -~ a2 + ACN .e-a3 + ACN ——al, DP =-90.8 °C -~ a2, DP =-90.8 °C
Very ana yte ea S to typlca Slgna patterns In / L u ——al + acetone -+~ a2 + acetone -+:-a3 + acetone _._a]., DP =-56.6 °C - aZ, DP =-56.6 °C
the HiKE-IM-spectra (see figure 3). The number + — . i Increasing the water concentration in the drift gas ——al,DP=-38.7°C -~ a2,DP=-38.7°C
f | T j ( ; g n ) N 05 - [H+(AICN)z] [H+(ACN), ] The exemplary mass spectra shown in 1'>;3'4E e / ) 1§ the helnging . . fh - g5.08
of new signals depends on the analyte e : : > results in a similar behavior as decreasin e —_
oy %.f. ;I)th N val VL€, Z [(ACN),]* figure 5 demonstrate the clustering @ &, ., t e Th Uster cie 5 " @
matrix/modifier an e value. [ | : il . PO T emperature: € mean cliuster size Increases wi <~ 2,6E-04 -
The drift tod to th duced S 00 n . behavior of ACN with itself and with water. E o P 9 4 and t th 4 oility 'E
e drift times are converted to the reduce £ 0 ——4 T . . 'z rising dew point and as resu e red. mobility is
_ ity K i . _ = V / This suggests that the plateaus in the 2 2,6E-04 - 4 5 , pO | es | 2), which d Y . .52,45 04
ion mobili whi represen | e + . = ecreasing. Only species (e.g. a2), which do no
OI t.O hV | oI C tep esents a species o [H+(ACN),] IM-spectra shown in figure 3 as well as the | 2 I st '%h ty E’ h't;g't' ’ I oce 1 = o L=
v | rameter. - : : 1 .04 - e cluster with water (l.e., exhibiting a slope close to o 44508 1
>EleCtive physical paramete 0,5 [H+(ACN),+H,0]* steps in the graphs showing red. mobility | & 22E04 U | , g p S
. . o R S S zero) remain unchanged. - 5 0E-04 J:;:ﬁ/
data are caused by similar chemistry as L ek Note that all cluster focts d ¢ high 5
1; : : It : . : /8E- - - - - ote that all clustering effects decrease at hi o
lon mobility K: Reduced ion mobility K,: 1,0 . . . . the previously observed cluster chemistry 20 20 60 20 100 120 1 fiold strenath & 5 1,8€-04 . . . .
. red. field strengths.
v,=K-E K =K.2 To 30 60 20 / 120 150 180 of water. E/Nin Td 5 20 40 60/ 80 100 120
o~ N° m/z - , . . . : . . E/Nin Td
po° T _ _ _ : : i Figure 6: Red. mobility of the three main signals of 1,3-Diaminopropane in Combarable observations were also made with
v, : drift velocity T,:273.15K Figure 5: :\I/Ioass sp;ecitrsa /(AI,DAC(,!)N of ACNd }’V'thOUt k(\top) and with Note the existence of mixed water-ACN- dependence of the red. field strength with different modifiers present acetcr:ne and methanol as analyte and modifier Figure 8: Red. mobility of the two main signals of ACN in dependence of E/N at
. ic fi . ottom) 1.5 % as modifier in the curtain gas. in the drift gas: ACN: 1.6 ppmV, acetone: 2.2 ppmV. . different dew points (water concentrations) in the drift gas
E - electric field strength po: 101325 Pa Measured with a 6500™ TripleQuad (Sciex) Clusters. ; © PP PP
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