LOW ENERGY COLLISION INDUCED DISSOCIATION - ONE “OCTOPOLE” AMONG MANY HYBRID INSTRUMENTS CREATE
(LE-CID): A POPULAR TOOL IN TANDEM INSTRUMENTS The LINAC II rf-only collision A interesting appronch fo sf-only LE.CID cell MORE ALPHABET SOUP

. . . cell from an end-on view modification was developed at the University of
As in many fields of SC1€1NCe, when a new concept or piece of instrumentation Manitoba. The additional ‘T’ shaped elements are used While ToF and Orbitrap analyzers utilizing rf-only LE-CID cells have
overcomes the initial resistance to acceptance, researchers begin to adopt, modify, improve and T to impress an electric field between the quadrupole rods. become very popular tandem instruments, the cell is amenable to use in
otherwise change the concept to suit their special needs. Thus, it 1s not surprising that within almost any analyzer combination that can be imagined. Combinations
years of acceptance, the rf-only LE-CID cell underwent a variety of modifications and was made ‘ ‘ By varying the dimension d in a nor%'hnear fashion ay)ng with Fourier transform ion cyclotron resonance instruments and various
a cruclal element in a wide variety of tandem instruments. The growth in the use of rf-only F * T Y d the length of the T" s}naped I‘OfiS, a f%xed. Volt.age applied arrangements with magnetic sector instruments, both before, in the
LE-CID in both quadrupole and hybrid tandem instruments began to accelerate around the year 4 to th(?se rods resglts in a varying axial f1el.d n the . middle, and after high energy analyzer sectors have been reported. Some
2000. While the majority of researchers used all quadrupole instruments, the rf-only LE-CID collision cell. This helps to shorten the drift time of ions of the reported combinations are listed here:
cell became an important element in hybrid instruments with non-quadrupole mass analyzers. * in the rf-only LE-CID cell and also increase the mass
range of ions transmitted to MS2.
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using rf-only LE-CID in - 400 Probably.the most popular hybrid tandem 1nstrun.1ent to.day 1s the Q-ToF, or more correct.ly, the Qq-ToF, \fvhere q= L_E-CID Ct?ll
. o q symbolizes the rf-only LE-CID cell. When combined with an electrospray ion source, this powerful hybrid EBEqQ H,B = magnetic sector
all-quadrupole and hybrid .§ > combination provides an excellent interface for a liquid chromatograph as sample inlet. The high resolving qQq-FTICR C, E = electric sector
tandem instruments as a ;: 200 power of the modern ToF provides mass spectra well suited to studies of a wide variety of biomolecules. Another QqTOF igIFCf ;jg;_ﬁ?;iamform fon Cyclotron Resonance
function of time * hybrid combination that is competing with the Qq-ToF replaces the ToF analyzer with an Orbitrap. Here again QqLIT LIT = linear ion trap
mo the high resolving power of MS2 makes the combination attractive in the rapidly expanding area of biological
0 applications.
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. ‘ . o ‘ ‘ At one time, developers of the QqQ instrument were Paul and Steinwedel’s 1953 publication
High energy CID (HE-CID?, as performed. in sector 1pstrument§ Wlth 10n accelgratmg potentials advised that sufficient collision efficiency could only / COLLISION CELL ‘TURNABOUT describing “A New Mass Spectrometer
of many.keV, and LE-CID in rf-o.nly.multlpoles and 1on trap's differ in seve?al .1mportant regar.ds. be obtained from high energy, keV collisions, using without Magnetic Field” began a revolution
Inter‘actlon of the mass sglected ion in HE-CID can ]oe described most .readlly. in terms of cle‘lssmal cells similar to those in magnetic sector instruments. in mass analysis that continues to this
physu.:s scattering analy.51s. Furthermore, product ions are .cre&.lted Wltl.’l sufficient translational This would require acceleration of the mass selected % Qix sector tandem MS for day. Considered at the time to be more of
energles to enter MiS2 directly. Rf-only LE.'CID occurs at kinetic Chergles 2to3 Qrders of ion from Q1, injecting that ion into a collision cell, .&,_/*‘/' '\‘*-\,\ﬂ?\s CELL.2 NRMS or CAD experiments. a curiosity than a mass analyzer, the
magnitude lower than HE'CI]? and fO]? optlorr%al performance, pI.'O.dU_Ct 10ns — partlculaﬂy those and subsequently decelerating the dissociation P '[ff MS | ‘\%\ESA'Q Ion optical elements in red box dedicated work of numerous workers in
of lower.mass — may need ‘as.s¥stance’ n ex.ltlpg the rf-only colhs?on cell because.z of their low | products prior to entry to a second quadrupole mass . IT l can be swapped with each other many different areas of research over the
translational energy. In E.lddlﬁlon, LE-CID 1in ion traps generally involve er?han.cmg. fragmentation filter. Obviously, the rf-only quadrupole was found : gss%ticci .s]m.x cou;gcgfé 13; I Tl 'I between MS1 and MS9. last six decades has created a powerful tool
of a mass §elected 10n, using 1tf5 resonant, or secular, frequenc.:y to elevate its klne’flc energy; the to be quite capable of producing fragment ions at eV RF GAS CELL I | TERMEDIATE From Bateman, R. H.; Brown, J.; Lefevere, M. Flammang, R.; Haver- that will continue to provide innovative
fragr.ne.)nt ions formed can be different than tho§e prO(.iuce.d Wlthout.reson.ance excitation, energies, and the need for the introduction of a high o aueo | T $ FikssHg btka;fdt mﬁiplpai'%ggjzzggg'zgfftzl o Mass Spetron. scientists with new approaches to study
providing the analys{: Wlth another tool for the investigation of the ion of interest. The use of energy collision cell was found to be unnecessary. qmocrecna cource 2 & f;ﬁi E;Ett 13 : . 115, 205-215 -on-molecule chemistry in an ever
these low energy collision processes for tandem MS analyses has spread beyond the classical g COLLECTOR SLIT.2 SOURCE SL”-ZE (GAS CELL) il 0 molecular T
QqQ configuration to other mass analyzers such as the quadrupole ion trap and the 1on cyclotron In fact, the opposite approach has since been found k&% MG D DETECTOR 2 j-i
resonance instrument. useful in hybri d tandem MS sector instruments. ESA.4 \.$ y = /&%/j ESA.3 §Z“§’48W:; (.)Steinwedel, H., A new mass spectrometer without magnetic field. Z. Naturforsch. 1953,
Thus, high energy ions in the sector mass S ﬁ\'@‘/*
One of the earliest modifications of the rf-only LE-CID cell was to experiment with the number spectrometer are decelerated, injected into an rf-only MAGNET .2
and shape of the rods from four to six, and even eight. In addition, the use of tapered rods as LE-CID cell, and dissociation products subsequently
well as resistive rods was introduced to create an axial potential with the aim of increasing the re-accelerated into the next mass analyzer.
mass range of ions transmitted to MS2. The non-linear field created by such elements helps to
efficiently transport the slow ions to the exit of the rf-only LE-CID cell.
1980 1982 1984 1985 1987 1989 1994 1995 1998 2000
\ \ \ \ £\ £\ £\ N\ £\ £\
\/ \/ \/ \/ \/ \/ \/ \/ \/ \/
November Hiller & Vestal Energy resolved Stafford and co- Energy resolved MS MS" in ion trap Reactive collisions High pressure LE-CID CID efficiencies in Electron capture Comparison of tandem
Patent 4,234,791 report tandem CID provides workers creates new provides insight to described of GC eluates cell characteristics the quadrupole ion dissociation (ECD) for MS spectra from EBE,
issued. Enke, Yost, quadrupole in means of differen- analytical possibilities character of studied in reported trap reported LE-CID described ion trap and QqQ
and Morrison photodissociation tiating isomers by adding collision gas phosphorous oxy LE-CID cell instruments reported
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