Time—of-F ( lght Mass Ana lyzer S Although Mamyrin (4] described the principle of the reflectron time-of-flight mass
spectrometer as a means of increasing the resolving power of ToF analyzers in the early ‘70s and filed an American patent for his
design in 1976, significant commercial development didn’t occur until the mid to late ‘90s. Mamyrin’s reflectron design with the ion
source located in the middle of the flight tube and the detector at one end provided resolving powers that approached those of some
magnetic sector instruments.

Introduction: in the early 50’s,|1] the idea that determining the accurate mass of a
compound could provide information about its elemental composition provided the impetus for
developing magnetic sector instruments with increased resolving power. It was soon realized;
however, that as the mass of the compound of interest increased, so to did the need for greater and
greater resolving power.
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The need fomore resélving power foriaccurate mass
-det{ermmatmn 18 demonstrated 11;'1 the plot shown here,
-probably constructed sometime in the late ‘50s or early ‘60s.

As the mass of the analyte and the number of heteroatoms

increases, greater resolving power is required to.obtain the
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It is common in the literature to refer to instruments capable of
performing accurate mass measurements as ‘high resolution’
mass spectrometers. On the other hand, the definition of
resolving power is M divided by AM where M is the mass at which the resolving power is determined and AM is
the peak width at some specific peak height on that peak. The higher the resolving power, the greater the
separation between two peaks of equal nominal mass. Resolution, on the

Quest for
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Additional improvements in resolving power were obtained with
reflectron designs in which the ion source and detector were
located at the same end of the flight tube. The advantages of the
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Reso IV-I n other hand, is a measure of the smallest possible distance on the mass scale 1.0 the 0 cler ut 55 :_md a mass range in excess of 200 amu. latter design for improved resolving power are several:
separating two peaks and for a high resolving power instrument is a very
small number; usually expressed in parts per million (ppm) of mass. 0.8+ > Increased field free region increases mass separation
Powe r PR >> Metastable decomposition products are not seen by the detector

If a mass spectrometer is spoken of as a ‘high resolution’ instrument, that
implies that the smallest possible distance on the mass scale between two
peaks is large and consequently is a low resolving power instrument;

contrary to the sense the speaker intends. This nomenclature problem is
not helped by the fact that both IUPAC and ASMS Guidelines have in the

past defined resolution and resolving power in the opposite sense above[Z].

Ring Time-of-Flight Mass Analyzer

(50% M = FWHM) > Energy spread in ions can be corrected for more easily

>> The detector is shielded from electromagnetic radiation and
stray signals from the ion source
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With the optimization of the reflectron ToF mass analyzer by a number of

MiChael A. Grayson It is appare‘nt tilat‘ confusion will reign for some time on the issue of resolving 10000 10010 10020  1003.0 ! ; ;
power and resolution, T ot U instrument companies, the resolving power and mass measurement accuracy
St Louis MO D:T:m M :E°+ aIEJ*”'“ - improved by orders of magnitude over the early linear ToF introduced by Bendix a
Ot Mo Vo iy half century earlier. Since ToF mass analyzer operate in pulsed mode, they are
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hivi SMS The details of analyzer design improvements for high resolving power sector instruments were Detegi:‘:m, Mo Eo+ aellll| suitable for either synchronous, such as matrix assisted laser desorption
Archivist, ASM reported in an earlier ASMS poster[3] in 2005. These improvements lead to a competition among == B ionization (MALDI), or asynchronous, such as plasma desorption (PD), ion
instrument manufacturers, which came to a head in the early ‘80s when proponents of the sources. The present embodiment of ToF mass analyzers is dominated by linear
Mattauch-Herzog mass spectrograph fought with proponents of the pseudo Nier-Johnson mass reflectron instruments. However, in a review by Wollnik[5] nearly a dozen
spectrometer for bragging rights about the best instrument for accurate mass determination : ' ® ; : :
3 i : : alternative mass analyzer geometries based on time-of-flight are discussed.
measurements. Since then, other mass analyzers have come to dominate the high resolving power,
10m

accurate mass measurement arena.
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Fig. 1. Dingram of experimental mothod for multiple acceleration of ions,

Reprinted frm Rell6)

In 1949 Hipple, Sommer and Thomas 8| at the National Bureau of
Standards described an instrument they called the ‘omegatron’.
They used it to determine fundamental physical constants, such as
the Faraday[9], and the ratio of the mass of the proton to the
electron[10]. Even though Hipple had obtained several patents for
sector mass spectrometer designs earlier when at Westinghouse, he
didn’t pursue the analytical capability of the Omegatron as a mass

analyzer.

The Omega £ron The origins of ion cyclotron resonance mass spectrometry
reach back to the work of E. O. Lawrence and S. M. Livingstone|6] at the California
Institute of Technology in the early ‘30s. At Caltech the cyclotron was used as a tool
to investigate nuclear physics. Their earliest instrument (see figure) had pole faces
280 cm in diameter and was capable of creating a nanoampere of protons at 1.2
Megavolts; using only 4000 volts accelerating potential. Lawrence was stymied in
raising funds for the larger cyclotrons for which his lab became famous until after
being awarded the Nobel Prize for Physics in 1939(7].

Fro. 9, Schematic diagram of simplified omegatron.

Reprinted from Ref[11]

The operation of the Omegatron depends upon the
creation of a beam of ions in the center of the box
constituting the mass analyzer by an electron
beam accelerated through the small holes in the
sides of the box. The magnetic field, B, provides the
cyclotron field of the Omegatron and collimation for the ionizing
electron beam. Ions created in the center of the Omegatron
spiral outward under the combined influence of the magnetic
and electric fields. The RF plates provide a means of detecting
the resonant frequency and the collector plate at the bottom of
the box records the arrival of ions before they spiral into its
sides. Despite being dubbed the Omegatron, the name didn’t stick

Repranted from Ref8]
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A ‘pre-FT’ experiment reported in 1966|13]
demonstrated the capability of ICR traps for performing tandem MS
experiments. Subsequent important contributions to the development of FT-
ICR traps as tandem MS instruments were made in:

> 1978 — Infrared multiphoton dissociation (IRMPD) 14],

>> 1994 — Blackbody infrared radiative dissociation (BIRD)[15], been used. Research facilities with i o
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nance Mass Ana lyz rs T e truggpotential of ion traps as mass analyzers was not realized
m1sar nd Marshall [12] demonstrated the use of Fou}?&r ransform techniques for the ion trap. Since this
intense and the last 35 years have seen a number of develo nts that have made instruments of this type very

Early mstrumel[ts bas\éd on resistive magnets had field strengths on the
orderof 1.4 T. Both instrument companies and academic labs have pursued
FI-ICR instruments with
increasingly intense magnetic fields.
With the advent of superconducting
magnets, fields as high as 15 T have

sing a double résonance techniqu

FT-ICR mass spectrum of human
luteinizing hormone releasing

hormone (hLHRH) )

25 Tosla MALDI FT-ICR Mass Spectrum of hLHRH

: ‘IJ)O increasing the magnetic field strength for greater resolving power is to condition the ions in the trap prior to excitation and apply more sophisticated
excitation signals. A combination of techniques was developed for MALDI FT-ICR, using a gated trapping event, a radio frequency-only pressure focusing event, along
with a segmented cubic trap with electrical compensation. [18 Applying all of these techniques together, researchers were able to demonstrate 850,000 resolving
power for substance-P using a 3 Tesla magnet.

The Or blt ra p One of the most recent developments in the field is the Orbitrap.|19| This instrument is purported to have many of the operating advantages
of previous FT-ICR instruments, but without the requirement of an intens

agnetic field. The use of a hyper-logarithmic electnc field generated by specially shaped
coaxial electrodes is essential to the performance of this mass analyzer. This instrument is capable f resolvmg powers up to 100,000, valley
not specified.

¥ a '

V.
While magnetic sector manufacturers were competing againgt each pther in resolving power specifications in 1: e 1ate ‘80syother mass agalyzer '
types, notably time-of-flight and ion trap mass analyzers, were undfrgomg significant improvements. Couple with theé’ase of nterfacing
sample separation technologies to these latter mass.analyzers for-biological applications, theyunderwent a surge in a developmevnt T%
for even more accurate mass determinations in protein sequencing experiments provided additional impetus to these developments. Today,
the resolving power and mass measurement accuracy specifications of modern instruments surpass anything that was thought possible with
magnetic sector analyzers. Thus, the high performance sector instruments of the “70s have been superseded by instruments based on
time-of-flight and Fourier transform mass analyzers.
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