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Improved Conditions for Mass Calibration?
Cluster ions are quite useful to establish mass calibration of instruments 
equipped with desorption/ionization sources over a wide m/z range. In our 
laboratory, we are routinely using the abundant [argininen+H]+ and 
[argininen–H]– cluster ions [1,2] for external mass calibration in positive-ion 
and negative-ion ESI mode, respectively. Likewise, [CsnIn–1]+ and [Csn–1In]–
cluster ions can be used for calibration purposes in MALDI operation. The 
caesium salt cluster ions are generated from caesium triiodide, CsI3, in DCTB 
(2-[(2E)-3-(4-tert-butylphenyl)-2-methylprop-2-enylidene]-malo-nitrile) 
matrix [3].
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Effect of Argon Pressure in h2
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Argon buffer gas served 
better for cluster ion 
thermalization in h2 than 
helium, a trend that is 
opposed to expectations 
derived from previous 
LIFDI experiments. 
The pressure and type of 
buffer gas is more 
relevant for the cluster 
ion distribution, in 
particular for [CsnIn–1]+
and [Csn–1In]– cluster ions. 
Abundances of cluster 
ions of intermediate m/z
of about 1500–3000 were 
increased upon raising 
the buffer gas flow to the 
maximum (2 L/s) while 
high-mass clusters 
beyond m/z 3000 
benefited from medium 
gas flow (1 L/s) into h2.

Effects of Ar versus He in MALDI Mode

Conclusion and Recommendation
 Proper selection of both buffer gas type and pressure are relevant for the mass range covered by cluster

ion peaks having intensities useful for estabilishing a mass calibration. 
 Generally, more stable ions and ions of intermediate mass benefit from heavier collision gas at high flow. 
 Very high mass ions (> m/z 3000) suffer from too much gas. 
 Only very labile species like M+. ions are most effectively trapped using helium at rather high flow. 

The experiments were performed on a Bruker 
Apex-Qe FT-ICR mass spectrometer (Bruker 
Daltonik GmbH, Bremen, Germany) equipped with 
a 9.4 T superconducting magnet. The analyzer of 
this instrument is a quadrupole-ICR hybrid 
comprising a RF-only hexapole (h1), a selection 
RF/DC quadrupole (Q), a second RF-only hexapole 
(h2), and a high voltage ion transfer flight tube to 
bring ions from h2 through the magnetic field 
gradient into the ICR cell. Typically, h2 is used for 
ion accumulation prior to ICR analysis. In tandem 
MS mode, h2 is also employed for collision-
induced dissociation (CID) and subsequent 
accumulation of the resulting fragment ions.In hybrid quadrupole Fourier transform ion cyclotron resonance (FT-ICR) 

mass spectrometers, however, multiple ion-guiding and ion-trapping 
events occur prior to mass analysis. During a recent implementation of a 
liquid injection field desorption/ionization (LIFDI) ion source on this 
instrument, the enormousrelevance of the type and pressure of the  buffer 
gas collisions in the instrument’s accumulation RF-hexapole ion trap were 
recognized, because the selection of these settings was decisive for the 
detection of the easy-to-fragment molecular ions of hydrocarbons [4]. 
Thus, we studied the effect of argon versus helium buffer gas and their 
pressure on cluster ion distributions intended for mass calibration in ESI 
and MALDI modes.

The conditions of trapping 
and collisional cooling 

inside the combined 
accumulation and CID 

hexapole ion trap (h2) are 
relevant for the composition 

of the ion population 
transferred into the ICR cell.

Radical ions, for example, 
were shown to survive only 
when helium was employed 

as collision gas whereas 
argon caused complete 

fragmentation of these ions. 
Scheme adapted from 

Bruker ApexQe Manual.
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Ions were accumulated in the collision hexapole for 
0.1–0.2 s and then transferred into the ICR cell. The 
standard buffer gas argon and the lighter 
alternative helium were admitted to h2 at various 
pressures. Ions were excited and detected using 
standard settings as established in ESI and MALDI 
mode. Data acquisition was performed in 
broadband mode with 512k to 1 M data points. 32–
64 transients were accumulated for one magnitude 
mode spectrum. External mass calibration was 
established on the cluster ions. The instrument was 
controlled by the Bruker ApexControl software (V 
3.0.0) and data analysis was performed using the 
Bruker DataAnalysis software (V.4.0).

Compare spectra for changes in cluster ion distribution and ion abundances:
 Decreasing argon flow (2.0-0.25 L/s) diminishes clusters above m/z 800.
 Low argon flow diminishes overall abundance via trapping efficiency of h2.
 Noteworthy changes in argon pressure cause mass drift, here to lower m/z

(calibration was based on high argon flow). 
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Admittedly, the effect of argon flow is not strong, nonetheless, distinguished 
enough to be worth consideration when setting up a method. Once set, the 
argon flow should only moderately be changed to avoid mass shift in 
external calibrations. Resolution is not affected, e.g., we obtain 
R=64000±1000 at m/z 697.45 in all spectra of this set. Negative-ion mode 
ESI spectra show analogous but even somewhat less obvious effects. 

Argon
1.0 L/s

8.7x10-5 mbar

Helium
2.0 L/s

2.0x10-6 mbar

1.0x107

1.8x106 Even at the highest setting of 2.0 L/s, for 
larger cluster ions, helium, causes a 
significant drop in ion abundances all over 
the m/z range as compared to argon. 

These (highly tentative) 
graphs illustrate 
recommended selections 
of buffer gas type and 
flow in RF multipole ion 
traps for accumulation 
and thermal cooling of 
ion populations as a 
function of ion mass and 
relative ion stability. 

Example for positive-ion ESI 
mass calibration based on 
arginine cluster ions. The 

formula list has been 
generated to check the 

external mass calibration 
created immediately before 

acquiring this spectrum.

Contact: Dr. J. H. Gross, telephone +49/6221/548409, website: http://www.rzuser.uni-heidelberg.de/~bl5
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