
Transmission studies

Figure 7. Illustrates the different positions of the nESI, which have ben used to evaluate the 
transmission of the different parts of the TMIMS.
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Problem addressed
• Current commercial IMS-MS platforms are expensive and not 

modular. IMS systems producing a continuous output of mobility 
selected ions can be more easily coupled with MS.

• Our goal is to develop a Transversal Modulation Ion Mobility 
Spectrometry (TMIMS) module which can be coupled with 
existing API-MS, including trap MS (Linear Q-traps, Orbitrap, FT).

• The new IMS would be incorporated as an Add-on device 
between the Ion source (IS) and the MS.

Objectives
Preliminary tests show promising performances. However, the 
TMIMS still requires some important improvements:
Ion transmission, Inlet voltage, Low cost High Voltage system, etc

The main objectives of this study were to evaluate:
• The functionality of the TMIMS-MS tandem system.
• The transmission (and to identify the transmission losses)
• How the inlet voltage can be reduced.
• A cost effective oscillating square wave system.

The TMIMS approach
Transversal Modulation Ion Mobility Spectrometry (TMIMS):
• Ions are pushed by an axial and steady electric field (*) and an 

oscillating electric field (*). When the time of residence of the 
ions within the TMIMS cell equates with the period of the 
oscillating field, the trajectories are refocused at the outlet.

• Mobility spectra is produced by y scanning the frequency of the 
oscillating field. Ions are continuously inputted and outputted, 
and thus synchronization with IS and MS is simpler.
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Figure 1. TMIMS principle of operation

Figure 2. Block diagram of the proposed architecture

Figures 4. Detail of the 
TMIMS-MS assembly.

m/z (Da) TMIMS f (Hz)
Resolving 

power

Measured Signal (neutral loss) Signal ratio (%)

O: Original ESI 
source

T: nESI+TMIMS, 
transparent

I: nESI+TMIMS, IMS 
mode

T/O I/O I/T

1022.80 374.69 39.71 2.05E+05 4.99E+03 1.72E+03 2.43 0.84 34.47

1022.80 427.18 44.21 2.05E+05 4.99E+03 4.96E+03 2.43 2.42 99.40

1121.83 360.87 42.63 4.07E+05 1.04E+04 4.49E+03 2.56 1.10 43.17

1121.83 405.08 42.68 4.07E+05 1.04E+04 7.78E+03 2.56 1.91 74.81

1221.83 347.75 43.00 6.47E+05 1.76E+04 7.91E+03 2.72 1.22 44.94

1221.83 385.05 44.62 6.47E+05 1.76E+04 1.15E+04 2.72 1.78 65.34

1322.00 336.01 36.95 7.96E+05 1.91E+04 7.63E+03 2.40 0.96 39.95

1322.00 368.47 39.51 7.96E+05 1.91E+04 1.04E+04 2.40 1.31 54.45

1421.67 324.96 39.23 1.01E+06 2.17E+04 8.51E+03 2.15 0.84 39.22

1421.67 353.27 45.26 1.01E+06 2.17E+04 1.28E+04 2.15 1.27 58.99

1521.83 314.60 41.31 8.10E+05 1.51E+04 6.16E+03 1.86 0.76 40.79

1521.83 339.46 46.18 8.10E+05 1.51E+04 1.11E+04 1.86 1.37 73.51

1622.00 304.93 37.70 6.77E+05 9.10E+03 4.26E+03 1.34 0.63 46.81

1622.00 327.03 42.47 6.77E+05 9.10E+03 7.24E+03 1.34 1.07 79.56

1721.75 295.95 43.27 4.86E+05 4.91E+03 2.02E+03 1.01 0.42 41.14

1721.75 315.29 39.24 4.86E+05 4.91E+03 4.21E+03 1.01 0.87 85.74

1821.67 287.66 39.52 3.54E+05 2.66E+03 8.21E+02 0.75 0.23 30.86

1821.67 305.62 42.86 3.54E+05 2.66E+03 2.81E+03 0.75 0.79 105.64

1922.00 281.44 63.57 1.47E+05 1.14E+03 2.54E+02 0.78 0.17 22.28

1922.00 295.95 44.56 1.47E+05 1.14E+03 9.64E+02 0.78 0.66 84.56

Averaged values 42.92 5.54E+05 1.07E+04 5.88E+03 1.80 1.03 58.28

• The table 1 below summarizes the signal intensities for the 
different peaks of Ultramark that appeared in the IMS-MS 
spectrum.

• The signal intensities were also measured when the TMIMS was 
operated in transparent mode (no oscillating electric fields were 
applied, and all ions travelled in a straight line from the TMIMS 
inlet to the outlet). And when the same solution was sprayed with 
the original ESI source.

• The ratio of the different signal intensities provides a first 
estimation of the transmission of the uinstrument.
o The signals in IMS mode are approximatelly half of those 

measured in transparent mode. This could be explained by the 
fact that the current is splitted in the two different peaks 
observed in Figs. 5 and 6.

o Accounting for this, the estimated transmision is in the range 
of 2%. 

• In an alternative study, a Spray of THABr (see Fig. 7) was used to 
measure the transmission of the different components of the 
TMIMS. According to these results:
o the transmission through the outlet electrode, which 

communicates the TMIMS with the MS, is 50%-60%
o The transmission of the intermediate electrode (plus the 

second TMIMS chamber) is 6%-7%.
o The transmission of the inlet electrode (plus the first TMIMS 

chamber) is 40%.

Reducing the inlet volatge
• The inlet voltage of the first TMIMS-MS prototype is 16 kV (not 

compatible with most commercial ion sources).
• Resistive capillaries with sufficiently high flow velocities can be 

used to push the ions against adverse voltage gradients. These 
elements could be used to compensate for the high voltages 
required by the TMIMS, and to operate its inlet at a grounded 
potential. However, these elements could reduce the overall 
transmission of the resulting system.

•The goal of this study was to evaluate the transmission of the 
resistive capillaries with different adverse voltages and flows. 
Theoretical estimation of the transmission of a resistive capillary:
• For a predefined velocity profile, the Fick’s laws with electrostatic 

and fluid convection is solved by variable separation. The solution 

is a linear combination of Eigen-functions and eigenvalues (each 

pair defining a mode). For each mode, the solution in the axial 

direction is exponential (dilution), and the solution in the 

transversal direction is a Sturm-Liouville problem, which define 

the different Eigen-functions and eigenvalues (In this case, these 

solutions were estimated numerically). 

• For a capillary with an opposed electric filed, and with a planar 
flow velocity profile, the transmission depends on the ratio of 
electric to fluid velocities k=ZE/Vf (where Z is the mobility, E is the 

electric field strength, and Vf is the velocity of the flow) as follows:

𝑝𝑖 = 𝑒
𝜆𝑖 𝑘 𝜋

𝐷𝑙
𝑄

1
1−𝑘

(Where D is the diffusivity of the ions, l is the length of the capillary, Q ids the flow through the 
capillary and λ is the corresponding eigenvalue of the mode.)

Figure 8 illustrates the 
transmission of the first 
mode of the above described 
Sturm-Liouville problem for 
the range of mobilities of 
interest, for different 
capillary lengths (each length 
correspond with a color), an 
inner diameter of 1mm, and 
different gas flows (each 
bundle corresponds with a 
flow rate). 

Empirical estimation of the transmission of a resistive capillary:

Figure 9 illustrates the experimental set-up used to 
evaluate the treansmission of the resistive capillary.

Figure 10 illustrates the ratio of the signals acquired 
with and without the resistve capillary for a n-ESI of 
THABr. We concluded that the transmission of the 
capillary is very good as long as the flow passing 
through it exceeds  3lpm.

TMIMS-LTQ Integration
• A two stages TMIMS prototype was coupled with an LTQ (Thermo).
• Each stage was fed with an independent line of gas.
• The outlet plate of the TMIMS incorporates the Standard Thermo’s

Ion Source clamping system
• The outlet orifice of the TMIMS sits in front of the MS inlet 

capillary. Through this orifice, the MS ingests the gas and the ions 
that arrive at the outlet of the from the second TMIMS chamber.

• The system also incorporates a flow of drying gas that passes in 
front of the TMIMS inlet, and which is used to prevent droplets 
from entering in the separation chambers.

• A mixture of Calmix (Caffeine, 
MRFA and Ultramarkk) and 
TetraHeptyl Ammonion (THA) 
Bromide was electrosprayed at 
the TMIMS inlet. 

• The frequency of operation of 
the TMIMS was scanned 
(stepped function, 10 Hz to 700 
Hz). And the MS acquired 1 MS 
spectra (from 100 to 2000 Da) 
for each TMIMS frequency. 

Figure 3. Sketch of the TMIMS-
MS interface, the flows of gasses, 
and the ion path.

Figure 6. The elution time is here proportional to the 
frequency of the TMIMS. This figure illustrates a zoom 
view of the mobility and mass spectra of Ultramark ions. 
(fluorinated phosphazenes). This spectrum shows two 
mobility peaks for each mass (the secondary peak having 
in average 50% of the intensity of the primary peak). We 
hypothesize that the second peak corresponds to a 
cluster that passes through the TMIMS with a different 
mobility, which is dried in the MS API interface, and which 
finally appears at the same mass as the first peak.

Figure 5. Detail 
of the mobility 
spectra of fig. 6.
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High Voltage system.
• First TMIMS prototypes were powered with High Voltage 

Ampliffiers (HVA). HVA provide sinusoidal deflection voltages, but 
they are bulky and expensive.

• Pull-push switches can provide square shaped waves for the 
deflection voltages, and  with a lower cost, power consumption, 
and size. However, the TMIMS had never been tested with square 
waves.

• The goal of these tests was to evaluate the viability of a square 
wave powered TMIMS. In particular, high voltage Photodiodes 
with very low capacitance were tested. The resuts of these tests 
are illustrated in Fig. 11. The resulting resolving power for THABr 
n-ESI, and for 8kVpp, was 48. 

Figure 11. Shows the pull-push switchs and the resulting spectrum (for THABr ions), The 
measured was 48. 

Conclusions
• TMIMS to MS integration worked as expected. No MS 

modifications were required to obtain IMS-MS functionality.
• The transmission of the TMIMS needs to be improved. The 

transmission through the TMIMS inlet and the outlet is very high. 
Most of the ion losses occur in the intermediate slit. A careful 
redesign of this slit will be required to reduce these losses. 
Hypothesizing that the transmission of this slit could be improved 
up to 50% (as the other slits), the overall transmission of the 
TMIMS would be around 15%.

• Inlet voltage reduction: A resistive capillary can easily reach 
transmissions in the range of 80% for most ions of interest, as 
long as the flow through the capillary exceeds 3lpm. Further tests 
are required to verify that the overall transmission of the TMIMS-
Capillary-MS set up is as expected.

• High Voltage: The TMIMS seems to have good resolving power 
with the square wave. However, some spurious peak appear in 
the spectrum. We hypothesize that these peaks are produced 
due to an interference between the two TMIMS stages, 

• According to these studies, with an affordable investment, the 
next generation TMIMS will  directly couple with most API-MS 
and most standard Ion sources. 

• The expected performances: IMS-IMS pre-filtration, R=50 in each 
stage, 15%  Transmission.

Figures 4. Detail of the 
TMIMS-MS assembly.

• Transversal modulation IMS (TMIMS) could be a good candidate 
for IMS-MS analysis in combination with ion trap MS. However, 
for this configuration to be fully functional, some important 
technical improvements are still required. This poster describes 
some of the preliminary studies that have been carried out to 
evaluate whether these improvements can be implemented or 
not. The main conclusion of these studies is that an Add-on 
TMIMS system is viable. We are currently working on the design 
of a pre-commercial prototype, which will be compatible with LTQ 
and Orbitrap.

• We would like to acknowledge Thermo Fisher Scientific Bremen 
for the loan of the LTQ. We also would like to thank Dr. A. 
Makarov and Dr. D. Nolting for their support and insights.
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