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Introduction
Ions are separated in Diﬀeren al Ion Mobility Spectrometry (DMS) by the ﬁeld
dependency of their mobility in an alterna ng electric ﬁeld [1, 2]. The ion mobility
in chemical reac ve systems, e.g., proton‐bound water clusters, is determined
primarily by the forma on and destruc on of ion‐bound clusters. Previous
simula ons showed a devia on of the temperature dependence between
simulated and experimental dispersion plots [3]. Temperature measurements
within a commercial DMS cell reveal that a temperature gradient along the DMS
cell is present. Therefore, a non‐isothermal and an advanced transport model
were implemented in the exis ng simula on framework. Addi onally, diﬀusive
and par cle‐par cle interac ons are considered. Furthermore, the ion trans‐
mission at various condi ons, e.g. isothermal and non‐isothermal condi ons and
diﬀerent gas ﬂow velocity proﬁles, are presented.

Numerical simulations:

Proton bound water cluster system

Ion transport simula ons:
Verlet Ion Trajectory Integrator (C++), Gas Collision Model (Sta s cal Diﬀusion Simula on) and Space
charge model (Barnes‐Hut Tree)
Chemical Kine c simula ons:
Customized version of "RS" Monte Carlo kine cs code [4]

[H + (H2O)n]+ + H2O + N2 [H + (H2O)n+1 ]+ + N2
The temperature dependence of the equilibrium constants and thus
the temperature dependence of the rate constants are approxi‐
mated using the van't Hoﬀ equa on [3].

DMS experiments:
DMS / MS system:
Ion source:
Data Processing:

Sciex 6500 Triple Quad™ with SelexIon® DMS
Sciex Turbo V™ (APCI‐mode)
Sciex Analyst® 1.6.2

Diﬀeren al Mobility
The diﬀeren al ion mobility is the diﬀerence between the ion
mobility at high ﬁeld and low ﬁeld condi ons [1, 2]. An applied AC
voltage (separa on voltage, SV) with an asymmetric waveform
causes ions to dri in a zig‐zag shape towards the electrodes. The
ion trajectories are dependent on the diﬀeren al mobility. Usually,
this results in a net dri towards one electrode. To redirect the ions

Cluster distribution at alternating field strength
Right:
Water cluster distribu on
over me. The applied AC
voltage induces strong
chemical oscilla ons of
the water cluster system.

Kine c and Transport Simula ons

• Fully paralleliza on of the framework.

Calculated CV over me (SV = 3000 V)

Calculated par cle mean z posi on
(SV = 3000 V)

Le :
Temperature measurements
within the DMS cell at the
temperature se ngs "low"
and "high" reveal a tempera‐
ture gradient.

Temperature gradient in the DMS cell

Le :
CV value during the minimiza on process with a
background temperature gradient present. Note that
the CV does not converge, which means that the ion
dri perpendicular to the DMS electrodes depends
on the axial posi on. The CV value with the
maximum overall ion transmission represents the
experimentally observed value.

Conclusions

The simula on approaches the experimental result with decreasing water mixing
ra o, but the shape of the dispersion plot diﬀers (e.g. at 0.07 % H2O in the ﬁgure on
the lower le ). The experimental results cannot be fully described, even with the
reﬁned model. However, simula ons of a HiKE‐IMS at diﬀerent background
temperatures, which are based on essen ally the same simula on framework, are in a
very good agreement with experimental data (see poster ThP 299).

Numerical SV/CV plots at diﬀerent water mixing
ra os at 97 °C compared to the experimental
measurement at the experimental temperature
se ng "low".

• The calculated op mal CV at a given SV is tempera‐
ture dependent.

Right:
Numerical SV/CV plot at iso‐
thermal condi ons and with a
temperature gradient present in
the simula ons compared to the
experimental results at the
temperature se ng "high" (up‐
per panel) and "low" (lower pan‐
el). Surprisingly, the simula ons
are not sensi ve to the
temperature condi ons (isother‐
mal or linear gradient) or the gas
velocity proﬁle. Consequently,
the temperature gradient in the
DMS cell is most likely not the
reason for the divergence
between simula on and exper‐
iment.

• A temperature gradient is observed in the com‐
mercial DMS cell used.
• Consequently, a new method for CV calcula on is
added.

temperature se ng "low"

• The modeled temperature gradient has a no ceable
impact on ion trajectories.
• Considering space charge eﬀects results in lower ion
transmission, due to the Coulomb repulsion between
par cles and higher collision rate with the electrodes.
• Temperature dependence of the dispersion plots is
s ll observed in the simula ons, in contrast to the
experimental results.

Previous diﬀusion and space charge simula ons show that the main ion loss is caused
by the collisions of the par cles with the electrodes. The modeled DMS cell is 30 mm
long (x direc on) and the gap between the two planar electrodes is 1 mm (z
direc on). The simulated par cles are ini alized as a cuboid with given edge lengths.
Space charge leads to an addi onal spread of the ion cloud and therefore increased
losses at the walls. In the ﬁgure below diﬀusion (upper panels) and space charge
eﬀects (lower panels) are shown at the entrance, center and exit of the DMS cell.

entrance

• The water cluster system is aﬀected by the SV and
therefore is not in equilibrium.

temperature se ng "high"

Diffusion and Space Charge Effects
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Simulated Ion transmission spectra
The CV was varied to generate simulated ion transmission spectra. The comparison
between isothermal and temperature gradient simula ons as well as varied dri velocity
proﬁles and gas ﬂow veloci es are shown below (3000 V SV).

space charge
Le :
Ion transmission vs. CV. The tempera‐
ture in the isothermal simula ons is
also the ini al temperature of the
linear gradient. Note that when the
isothermal temperature is the average
temperature of the gradient, the
op mal CV will be approximatly the
same (upper panel).

computa onal me.

Ion transport simula ons were performed with the IDSim framework
using a Verlet Integrator, which is implemented in C++ with a
Sta s cal Diﬀusion Simula on (SDS) Gas Collision model. A Barnes‐

In order to calculate the op mal CV, the average dri perpendicular to the separa on
electrodes of the simulated par cles is minimized by varia on of the CV. The converging CV
value as well as the average z posi on of the par cles is shown on the right. In the ﬁgure
below the op mal CV in dependence of the background temperature is shown. However, the
slope is not monotone, resul ng in a strong dependence of the op mal CV on the
background temperature.

Le :
Calculated par cle mean z posi‐
on over me at diﬀerent CV
values (SV = 3000 V). Note that
the ion trajectories are S‐shaped
and do not converge due to the
present temperature gradient
within the DMS cell.

exponen al model.

• Addi on of a Fast Mul pole Method (FMM) to decrease

Automatic iteration for the optimal CV

Temperature measurements within the DMS cell showed that a temperature
gradient is present as shown in the ﬁgure on the right (upper panel). Thus, a linear
temperature gradient is added to the simula on. This has a strong impact on the
ion trajectories within the DMS cell as shown in the ﬁgure below. The mean z
posi on does not converge to a stable value due to the background temperature
gradient. Thus, the itera vely calculated CV becomes unstable, too, as shown in the
ﬁgure on the right (lower panel). In order to calculate the op mal CV, it is varied
manually with respect to the ion transmission at the end of the DMS cell. The CV
value of the maximal ion transmission is considered as an op mal CV.

• Addi on of diﬀerent temperature gradient models, e.g., an

At high ﬁeld condi ons, the ion temperature is high, which results in
small clusters and therefore a high ion mobility and vice versa at low
ﬁeld condi ons.

water mixing ra o varia on

Experimental and numerical SV/CV plots at diﬀerent
background gas temperatures. A water mixing ra o
of 0.5 % is assumed in the simula on. The experi‐
mental results show no temperature dependence, in
contrast to the numerical results.

• Measurements of the proton‐bound water cluster system at
diﬀerent water mixing ra os.

α (E) = [K(E) ‐ K(0)] / K(E)

Previous simula ons [3] of a DMS stage were in good qualita ve agreement with
experimental results but showed systema c diﬀerences regarding the temperature
dependence of the SV/CV plots. In contrast to the experimental results, the
simula ons showed a temperature dependence. New simula ons with the reﬁned
numerical model are presented below. However, even considering a temperature
gradient the dispersion plots are temperature dependent. The isothermal and non‐
isothermal simula ons do not diﬀer signiﬁcantly, when the isothermal simula on is
performed with the mean background temperature of the linear gradient. The
es mated water mixing ra o is 0.5 %.
temperature varia on

Le :
Calculated op mal CV of
the proton‐bound water
cluster system at 3000 V SV
and diﬀerent background
temperatures.

Hut tree method is used to calculate par cle par cle interac ons.

Dispersion Plots

Ion Transmission
The alterna ng ﬁeld strength has a strong impact on the equilibrium of the proton‐bound water
cluster system as shown in the ﬁgure on the right. Only cluster 1 and cluster 2 are present at high
ﬁeld condi ons, resul ng in an increased overall ion mobility as compared to low ﬁeld condi ons,
where cluster 3 and cluster 4 are mainly present. The diﬀeren al mobility of the water cluster system
is thus aﬀected by chemical oscilla ons. Due to the dependence of the ion temperature on the
electric ﬁeld strength, the cluster concentra ons are modulated with the applied AC voltage, which is
a superimposed sinusoidal oscilla on.

to the center axis of the detector, a DC voltage (compensa on
voltage, CV) is applied. The α‐func on describes the dependency of
the CV on the SV with the ion mobility at high ﬁeld (K(E)) and low
ﬁeld (K(0)) condi ons [1, 2]:

Outlook

space charge

space charge
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