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INTRODUCTION


Time-of-flight mass spectrometry is widely used for the study of biomolecules.  Mass is measured by accelerating the ions to a defined energy, and measuring the time required for the ions to travel a fixed distance.  Reflectrons (ion mirrors) are often used to extend the length of the flight path and provide energy focusing.  Ions can be trapped between two such mirrors (1), and their frequencies of oscillation can be used to determine their masses (2).  We have constructed such a mass spectrometer and used it to analyze biomolecules such as proteins and peptides produced by electrospray ionization.  We have developed an interface between the ion source and the analyzer that involves accumulating ions in a quadrupole and using an axial electric field to compress the ion cloud prior to injection into the analyzer.  We describe important factors affecting the sensitivity and resolution of our instrument and detail our ongoing efforts to optimize its performance.
EXPERIMENTAL


Charged drops containing analyte are produced by nanoelectrospray ionization from a pulled glass capillary and enter the interface region where desolvation produces gas phase analyte ions.  The ions are transported through a quadrupole ion guide, an Einzel lens, and a quadrupole bender to a quadrupole linear ion trap (QLIT).  An axial electric field is used to compress the ions and move them toward the exit end of the QLIT (3).  The ions are then pulsed into the Fourier Transform Time-of Flight (FT-ToF) analyzer.  The design of our analyzer is inspired by those of Benner, and Dahan et al (4, 5).  As the ions bounce between the two mirrors, they repeatedly pass through a copper tube located in the center of the device.  Their image charge signals are recorded by means of a charge sensitive preamplifier, and the resulting time domain data are Fourier transformed to extract the frequencies, which are then related to mass using a calibration curve.
RESULTS


We demonstrate that introduction of an axial electric field within the QLIT dramatically increases the signal levels within the FT-ToF analyzer.  This occurs for two reasons: First, the axial field compresses the ion cloud within the QLIT, which results in a greater number of ions being transferred to the FT-ToF in the limited time available for ion capture.  Second, the axial field acts on all of the ions within the QLIT, as opposed to using an endcap to create an extraction field that penetrates only a few centimeters into the QLIT.

We also observe that, when not carefully tuned, the resolution of the FT-ToF is negatively affected by peak coalescence, a phenomenon in which ions of similar but not identical mass oscillate together as a single entity.  This can happen when the masses differ by as much as 1 part in 125.  We discuss factors that contribute to peak coalescence and demonstrate that its effect can be mitigated through proper tuning of the voltages applied to the ion mirrors.

We also discuss other factors that affect the resolution of the instrument such as collisions with background gas, radius of the injected ion beam, and transverse kinetic energy of the injected ions.  We propose improvements to the instrument that attempt to overcome the challenges we have identified.
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