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Described by many experts as the ultimate mass spec-
trometers, FTMS instruments have the highest resolv-

ing power and mass accuracy of any MS device on the mar-
ket. With FTMS instruments, researchers can separate signals
from ions that have nearly identical m/z values and obtain
elemental compositions. Because of these advantages, the
devices are ideal for proteomics, metabolomics, and petrole-
omics applications. 

Despite a stellar reputation for performance, however,
FTMS instruments have had an equally strong reputation for
being expensive behemoths that are hard to use and maintain.
But experts say this is changing, partly because of the increas-
ing demand for user-friendly instruments from proteomics
researchers and increased competition in the FTMS market.
Company representatives count core facilities and smaller, in-
vestigator-led laboratories among their customers, and they
say that instrument sales are increasing 25–35% every year.
Table 1, which is meant to be representative rather than com-
prehensive, lists commercially available FTMS devices.

Smaller, cheaper, and easier 
Although FTMS instruments are still not benchtop devices by
any stretch of the imagination, they are getting smaller. “The
introduction of actively shielded magnets has decreased [the
instrument’s] footprint in terms of the amount of space need-
ed to accommodate the magnetic field,” says Dick Smith at
the Pacific Northwest National Laboratory. This innovation
allows researchers to place other instruments and themselves
closer to the mass spectrometer without causing problems.
Paul Speir at Bruker Daltonics says that his company also has
reduced the overall footprint of its vacuum system and other
components.

Even though prices have been falling, FTMS devices still
are the most expensive type of mass spectrometer. Prices start
at ~$400,000 and can be >$1 million, depending on the
magnet strength and options such as ionization sources and
ion fragmentation capabilities. 

Increased demand from researchers studying complex mix-
tures and growing competition among manufacturers have

helped to drive down costs. For a few years, Bruker Daltonics
and IonSpec were the only manufacturers of research-grade
FTMS instruments; however, Thermo Electron recently intro-
duced two such devices. According to Speir, continued efforts
to reduce instrument complexity and production costs also
have helped to reduce prices. 

Adding liquid nitrogen and helium to the superconducting
magnet is a necessary chore for FTMS instruments with an
ion cyclotron resonance (ICR) cell. Jeff McIver at IonSpec
says that although this task isn’t tough to do, it is not re-
quired for any other type of mass spectrometer. He adds that
damage to the instrument can occur if researchers forget to
add cryogens to the magnet every few weeks. So IonSpec has
developed cryogen-free superconducting magnets that simply
plug into the wall. They use a cryopump with a cold head in-
stead of cryogens to cool the magnet. Although these mag-
nets will tack on ~$40,000–50,000 to the final price of the
instrument, they will provide long-term cost savings, says
McIver. “The nice thing is that the [cost of] the cryogens
typically comes out of your supplies budget, whereas now, the
electricity is overhead,” he explains. This is a big advantage
for IonSpec’s customers in Japan, where the cost of liquid he-
lium is ~7–8� higher than in the U.S., he adds.

Another way to get around the maintenance and cost is-
sues associated with superconducting magnets is to not use
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them at all. That’s the approach that Thermo Electron took
when it developed its new LTQ Orbitrap FTMS instrument.
In a conventional FTMS instrument, magnetic and electric
fields cause ions in an ICR cell to move in a circular path be-
tween two electrodes. The electrodes detect an image current
that results from the ions’ oscillations. “You get a compilation
of all of the frequencies overlaid on top of each other,” ex-
plains Anthony Ziberna at Thermo Electron. “The Fourier
transform is a mathematical way of separating all of those fre-
quencies out.” An orbitrap uses the same mathematical func-
tion to analyze an image current, but that image current is
produced in a different way. An electric, but not a magnetic,
field causes ions to rotate around a spindle-shaped electrode
as they move from one end of the electrode to the other. The
LTQ Orbitrap “has very high resolving power and high mass
accuracy [that’s] not quite as high as an ICR, but it’s still a
significant step forward,” says Chris Hendrickson of the
National High Magnetic Field Laboratory.

FTMS instruments are becoming much easier to use, say
researchers. Hendrickson explains that just a few years ago,
“You did have to be an expert and [you] had to have a pretty
thorough understanding of how the mass spectrometer
worked.” Smith remembers when it was a challenge just to

make one measurement, particularly with on-line separations.
“That’s not what we want to do today,” he says. “It’s not
satisfactory for most of us to operate in that old mode of tar-
geting some particular molecule and having to struggle and
struggle to make a measurement.” Smith adds that improve-
ments to instrument control software have made a big differ-
ence. According to company representatives, only a few clicks
of a mouse are required to set up some types of experiments
on their instruments.

Hybrid versatility
Over the past few years, companies have developed hybrid
FTMS instruments in which a second mass spectrometer is at-
tached. Experts say that this innovation allows researchers to
perform experiments that were difficult to do on the older,
single FT mass spectrometers. In addition, Hendrickson says
that the second instrument “helps the scan rate, the duty
cycle, and the dynamic range” by accumulating rare proteins
or small molecules in a mixture before they are analyzed in
the FTMS instrument. 

Bruker Daltonics and IonSpec offer Qqs (a mass selective
quadrupole plus an rf quadrupole) coupled to their FTMS
devices, and Thermo Electron offers linear ion traps coupled

Table 1. Selected FTMS instruments.1

Product apex-Qe Explorer, QFT, ProMALDI LTQ FT LTQ Orbitrap

Company Bruker Daltonics, Inc.
978-663-3660
www.bdal.com

IonSpec Corp.
800-438-3867
www.ionspec.com

Thermo Electron
408-965-6000
www.thermo.com

Thermo Electron
408-965-6000
www.thermo.com

Price (U.S.D.) >$750,000 $380,000–1,400,000 >$830,000 >$625,000

MS types Qq and FTICR Explorer and QFT: Qq and FTICR; 
ProMALDI: FTICR

Linear ion trap and FTICR Linear ion trap and orbitrap

Ionization sources ESI, MALDI, APCI, APPI ESI, nanoESI, MALDI, AP-MALDI, 
APCI, EI/CI

ESI, nanoESI, MALDI, AP-
MALDI, APCI, APPI

ESI, nanoESI, MALDI, AP-
MALDI, APCI, APPI

Magnets available (T) 7.0, 9.4, 12.0 4.7, 7.0, 9.4, 12.0 7.0 None required

Mass range (m/z) 90–10,000 15–18,000 50–4000 50–4000

Mass resolving power 
(m/ m, fwhm)

600,000 for [M + 10H+]10+

charge state of ubiquitin, 
m/z 857 (7.0 T)

ESI broadband mode: 1,130,000 at 
m/z 195 (9.4 T);
MALDI broadband mode: 80,000 at 
m/z 8567 (9.4 T)

100,000 at m/z 400 (7.0 T) >100,000 at m/z 400

Mass accuracy (ppm) Internal: <1
External: <2

Internal: <0.5
External: <2

Internal: <1
External: <2 with automatic 
gain control

Internal: <2
External: <5 with automatic 
gain control

Fragmentation methods CAD (in collision cell and in 
ICR cell), ECD, IRMPD

SORI-CAD, CID, ECD, IRMPD, nozzle 
skimmer dissociation

CID (in linear ion trap), ECD, 
IRMPD

CID (in linear ion trap)

Scan rate (spectra/s) 1 at a resolving power of 
100,000 at m/z 400

1 at a resolving power >145,000 at 
m/z 309

1 at a resolving power of 
100,000 at m/z 400

1 at a resolving power of 
60,000 at m/z 400

Special features On-the-fly, selective enrich-
ment of ions or MS/MS 
products that are in low 
abundance; Apollo II ESI ion 
source design is based on the 
efficient ion funnel for high 
sensitivity

rf ion guide for high sensitivity; dual 8-
megaword acquisition memory; 14-bit 
ADC for wide dynamic range; switch-
es from MALDI to ESI in <1 min with 
no pump down required; simultane-
ous ECD/IRMPD; automated MS/MS 
with high-resolution fragment ions

Parallel processing on a 
chromatographic timescale 
with 100,000 resolution every 
second in ICR cell and up to 5 
concurrent MS/MS scans in 
linear ion trap 

Noncryogenic, nonmagnetic 
FT hybrid system can acquire 
accurate mass data with high 
resolution in both parallel and 
sequential modes of operation 
with high sensitivity for small-
molecule analysis

1Some companies offer multiple instruments. Contact the vendors for their full product lines. 
AP: atmospheric pressure; ADC: analog-to-digital converter; CAD: collision-activated dissociation; CI: chemical ionization; CID: collision-induced dissociation; EI: electron ionization; IRMPD: IR 
multiphoton dissociation; PI: photoionization; SORI: sustained off-resonance ionization
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to its instruments. Experts note that companies recently have
shifted their efforts toward selling hybrids, which now consti-
tute the majority of FTMS products on the market. For ex-
ample, although Bruker Daltonics still sells a low-cost non-
hybrid FT mass spectrometer, the company does not actively
market the device, says Speir. IonSpec sells one nonhybrid
FTMS instrument, called the ProMALDI, which has a com-
bined MALDI, electron ionization, and chemical ionization
source.

With hybrid FTMS instruments, MS/MS methods are
much easier. “The MS/MS experiments that were tradition-
ally done in the [ICR] analyzer required lengthy pumping
delays,” says Speir. He adds that the delays were as long as
several seconds with some systems.

Depending on the instrument, MS/MS can be done on a
hybrid FTMS device in one of two ways. With Bruker Dal-
tonics and IonSpec products, fragmentation can occur in the
collision cell of the Qq region, whereas high-resolution detec-
tion takes place in the FTMS instrument. “By separating the
FTMS detection and where the MS/MS is [performed], you
now create an instrument that is capable of executing high-
performance, high-speed MS/MS on the fly,” Speir explains. 

In a method called parallel processing, high-resolution par-
ent ion scans are performed in the FTMS part of Thermo Elec-
tron’s instruments, according to Ziberna. While these scans are
being fully analyzed, MS/MS is performed in the linear ion
trap, where product ions are detected. Unlike the other FTMS
instruments on the market, Thermo Electron’s products can
function as two individual devices or as one unit because each
mass spectrometer in the hybrid has its own detector. 

Because of the increased speed of MS/MS on the hybrid
devices, LC can finally come on-line with FTMS products. In
the past, “chromatographic resolution suffered so much from
[the ICR pump-down delay] that it really wasn’t worth doing
chromatography on the front end,” says Hendrickson. “Now
with the [second mass spectrometer], I think that LC is quite
compatible. It’s not at all uncommon to be able to do 1 scan/s,
which is the benchmark for being able to do LC/MS.” 

Future
Although FTMS devices have come a long way, they still face
some challenges. “The instruments . . . will continue to im-
prove in price, size, [and] usability,” says Speir. He adds that
Bruker Daltonics and other companies are constantly working
to address these issues. For example, McIver says that eventu-
ally, IonSpec “would like to make a 12-T FTMS benchtop in-
strument that could fit in any laboratory.” 

According to Smith, researchers want stronger magnets be-
cause a higher field strength translates into higher resolution
and mass accuracy and the ability to trap more ions; this
means that instruments can be more sensitive and have an
increased dynamic range. McIver predicts that the days of
15- and 18-T magnets are coming. But until cost-effective
advances enable companies to develop smaller instruments,
increasing magnet strength means increases in the size and
price of instruments.

New fragmentation methods may help researchers more
fully characterize proteins. Electron-capture dissociation
(ECD) is a method commonly used in FTMS instruments to
fragment proteins for top-down proteomics experiments.
ECD “suffers from the difficulty of getting high ion-dissocia-
tion efficiency in the low vacuum and magnetic field of the
ICR cell,” says Smith. “But there’s been another develop-
ment, called electron-transfer dissociation [ETD], that occurs
really effectively in a higher-pressure environment,” such as in
an ion trap. He says that it would be attractive to perform
ETD in an ion trap and then move those fragments into an
FTMS device for analysis. Such a workflow is not yet possible,
however, because of the engineering required to add ETD ca-
pabilities to FTMS instruments, says Ziberna. He predicts
that the engineering problems will eventually be solved.

Company representatives say that more customers are
coming to them every year, now that the instruments are be-
coming more accessible. Because FTMS instruments generate
such high-quality data, they are increasingly in demand.
“FTMS has proven itself, finally,” says McIver. 

Katie Cottingham is an associate editor of Analytical Chemistry.


