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INTRODUCTION
• Leveraging dynamic electric fields and high

gas velocities to achieve separation, Trapped

Ion Mobility-Mass Spectrometry (TIMS) is a

relatively new IMS technique.1-2

• Direct determination of mobility values from

TIMS systems currently requires calibration;

however, the applicability of this approach is

predicated on knowing system parameters.

• While the pressure is known within the TIMS,

the effective temperature of the ions is

variable and currently unknown.

• Using substituted benzylamines as

“thermometer ions” we aim to characterize the

TIMS system.3

• Evaluation of quasi-equilibrium of bradykinin

serves as yet another model system to assess

TIMS source energies.4-5

Table 1: 4-substituted Benzylamines
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METHODS
5 µM of each benzylamine was prepared in 50:50

methanol/H2O. The TIMS was calibrated for

mobility values using Agilent Tune mix, 5 µM di-

tert-butyl-pyridine (DTBP), 100 nM tetraalkyl

ammonium salts (TXA), and alkyl trimethyl

ammonium salts (XTMA) in acetonitrile.

Reference K0 values were measured from a

printed-circuit board IMS (PCBIMS) developed by

Reinecke and Clowers.6 TIMS experimental

settings were varied iteratively as illustrated in

Figure 3 and Table 2:

RESULTS
• The mean internal energy of ions within the TIMS device varies

depending on the voltages applied to the front end of the TIMS

device.

• Under the softest setting the energy was 1.73 eV, under the

harshest setting the energy was 1.86 eV, and under standard

operating conditions the energy was 1.81 eV. (Figure 4).

• Additionally, the distributions of the bradykinin+2 peak shifts to a

larger mobility as the deflector voltage increases indicating the

equilibrium of the conformations shift as the settings become

harsher. (Figure 5)

• K0 values for both the parent and fragment of the benzylamines

are found using the calibration plot in Figure 6 and reported in

Table 1.
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Thermometer 
Ion

BDE3

(eV)
Paren
t m/z

Parent K0 Fragment K0

Nitro 1.96 153 1.453 ± 0.003 --------------

Trifluoromethyl 1.845 176 1.430 ± 0.007 1.76 ± 0.02

Chloro 1.52 142 1.559 ± 0.005 1.937 ± 0.006

T-butyl 1.35 164 1.380 ± 0.003 1.666 ± 0.004

Methoxy 1.05 138 1.52 ± 0.02 1.95 ± 0.05
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Figure 3: The voltage gradient throughout the TIMS-MS device. The voltages applied 

to the capillary, deflector, and Funnel 1 in varied depending on the trial. Those 

settings are in Table 2 below.

Table 2: TIMS “Source” Settings

Figure 1: Assumed fragmentation pathway for 4-substituted benzylammonium

ions.

Figure 6: TIMS calibration curve for the softest TIMS settings for the thermometer

ions. Reference K0 values of the chosen standards were measured experimentally

from an IMS coupled to the front of the TIMS device. Parents for the benzylamines

are blue diamonds and the fragments for the benzylamines are green squares.

CONCLUSIONS
The internal energy ions experience in the TIMS

was evaluated using benzylamine thermometer

ions. Under select conditions the source energy can

be greatly minimized.

Figure 4: The survival yield curve for the suite of 4-substituted benzylamine thermometer ions for the

TIMS settings displayed in Table 2. As the voltages increases and the settings become harsher, the

mean energy felt by the ions in the TIMS device ranges from 1.73 eV to 1.86eV depending on the

settings used.

Figure 5: The distribution of the two bradykinin peaks for the doubly charged state as a function of TIMS settings. Similar to the benzylamines, as the settings become

harsher as the voltage increases, the distribution shifts to the lower mobility confirmation. The ratios given are of the height of the higher mobility peak (Elution Voltage

-34.5) to the height of the lower mobility peak (Elution Voltage -37.5). The ratio is an attempt to quantify the energy felt in terms similar to the survival yield.

AIM
• Survival yield theory can be applied to

determine a mean internal energy

experienced within the TIMS device for

specific set of instrumental settings.

• Determine the mobilities of the benzylamine

thermometer ions.

Figure 2: The Trapped Ion Mobility Mass Spectrometer (TIMS). The TIMS system was provided by Bruker Daltonics and coupled to a micrOTOF mass spectrometer. Ions are

directed into the TIMS device from the deflector and guided through an ion funnel into the TIMS tunnel. When the deflector is turned off, the ions trapped within the TIMS funnel

are separated based on size due to collisions with the drift gas. The electric field within the funnel begins to change allowing for ions to elute to the mass spectrometer.


