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Description
INTRODUCTION

[0001] The invention relates to mass analyzers.
[0002] It is sometimes desired to analyze simultane-
ously a large number of analytes contained in a complex
matrix of substances. This can be useful, for example, in
forensic, environmental, metabolic, and food, drug, and
beverage studies.

[0003] One method of conducting such analyses has
included the use of chromatographic devices such as
liquid chromatographic (LC) columns used in combina-
tion with mass spectrometers, as for example in combi-
nation liquid-chromatography - recursive mass spectros-
copy (LC-MS/MS) mass analyzers. Typically in such
analyses a chromatographic device causes the analyte
matrix to be released or otherwise provided to the mass
spectrometer in a distributed manner, such that various
analytes are provided to the mass spectrometer over var-
ious periods of time. Multiple reaction monitoring (MRM)
and/or other recursive or distributed-analysis techniques
can be employed to analyze the analytes as they are
received by the mass spectrometer.

[0004] MRM techniques involve multiple scannings by
the mass spectrometer. Typically the multiple scannings
are adapted, as for example by configuring the mass
spectrometer to provide suitable electromagnetic fields,
for the detection of ions of varying mass-charge (m/z)
ratios as they are released by the chromatographic de-
vice over time. Because of the varying m/z ratios to be
analyzed, it is desirable for the mass spectrometer to be
configured so as to provide suitable conditions for the
release and detection of the corresponding ions during
the time periods at which they are released by the chro-
matographic device.

[0005] Using prior art systems, it has been necessary,
in order to obtain the most efficient possible MRM anal-
yses, for a user of the mass analyzer to provide to the
mass spectrometer a long and difficult series of com-
mands in an attempt to manually (i.e., non-automatically)
configure the mass spectrometer for optimal analysis of
the various analytes present in the matrix. Such input
requirements are error-prone, undesirably time-consum-
ing, and tend toresultininefficient use of mass analyzers.
[0006] Hopfgartner et al, "Triple quadrupole linear ion
trap mass spectrometer for the analysis of small mole-
cules and macromolecules”, J. Mass. Spectrom, vol 39,
no. 8, 1 August 2004, pp 845-855 discloses a linear ion
trap combined with a quadrupole mass spectrometer. In-
formation dependent analysis is disclosed which com-
prises a survey scan and a data dependent scan that
performs a MS/MS experiment on a precursor ion iden-
tified in the survey scan.

SUMMARY

[0007] The invention is defined in the claims.
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[0008] The invention provides improved systems, ap-
paratus, methods, and programming useful for the auto-
mated analysis of compounds, and particularly of com-
plex substance matrices, using mass spectrometers.
Systems, apparatus, methods, and programming ac-
cording to the invention provide for the automatic deter-
mination by a controller of a mass spectrometer of an
analysis operation to be implemented using the mass
spectrometer, the analysis operation adapted specifically
for analysis of one or more substances contained within
a compound based on identification of the compound
and/or substances provided by a user of the spectrom-
eter, and a database or other library of information con-
cerning suitable processes or process steps for analyzing
substances.

[0009] For example, in one embodiment a user is en-
abled to provide an identifier, such as a name or other
uniqgue means of specification, to the controller, for use
by the controller in accessing a data base or other infor-
mation library and automatically determining an optimal
duty cycle for each of a plurality of analytes contained in
a compound comprising a plurality of substances, and
determining command signals suitable for configuring
the mass analyzer to implement such duty cycles. The
duty cycles may be implemented, for example, on a re-
cursive mass analyzer such as a Multiple Reaction Mon-
itoring (MRM) or Enhanced Product lon (EPI) mass spec-
trometer.

[0010] Additional aspects of the present invention will
be apparent in view of the description which follows.

BRIEF DESCRIPTION OF THE FIGURES

[0011] The invention is illustrated in the figures of the
accompanying drawings, which are meant to be exem-
plary and not limiting, and in which like references are
intended to refer to like or corresponding parts. Those
skilled in the relevant art(s) will understand that the draw-
ings are for illustrative purposes only, and are not intend-
ed to limit the scope of the teachings herein in any way.

Figures 1 and 2 are schematic diagrams of mass
analyzers suitable for use inimplementing the inven-
tion.

Figure 3 is a schematic diagram of a controller suit-
able for use in implementing the invention.

Figure 4 is a schematic diagram of a process suitable
for use in implementing the invention.

DETAILED DESCRIPTION OF VARIOUS EMBODI-
MENTS

[0012] Figures 1 and 2 are schematic diagrams of
mass analyzers suitable for use in implementing the in-
vention. Mass analyzer(s) 100 comprise ion or compound
source(s) (hereinafter "ion source(s)" or"IS(s)") 12, mass
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spectrometer(s) ("MS(s)") 14, and controller(s) 54. The
example shown in Figure 1 is more general than that
shown in Figure 2, and illustrates the concept that any
combination of an ion source(s), mass spectrometer(s),
and controller of any type(s) adaptable for the purposes
disclosed herein may be used in implementing the inven-
tion; and illustrates general conceptual relationships of
the components of mass analyzer 100 to each other. For
example, ion source 12 provides analyte ions to mass
spectrometer 14 for analysis, while controller 54 controls
the operation of mass spectrometer 14 and optionally ion
source 12. For brevity, the term ion source can apply
generally to each and/or all of the various components
of the sample introduction system, including, for exam-
ple, those used in liquid sample handling, liquid chroma-
tography and the ionizing systems described below. In
various embodiments, the ionization (ionizer) part of the
ion source 12, in which ions are generated, can be a
separate component associated with the mass spec-
trometer 14 or there can be a mass spectrometer inter-
face where the ions are generated by ionization methods
generally known in the art.

[0013] In the more specific embodiment shown in Fig-
ure 2, mass analyzer 100 comprises a liquid chromatog-
raphy - recursive mass spectrometry (LC-MS/MS) mass
analyzer 110. LC-MS/MS mass analyzer 110 comprises
an ion source 12 in the form of liquid chromatograph 212
and ionizer 218 (ionspray as shown) for generating ions,
and mass spectrometer 14 comprising triple quadrupole
mass spectrometer 214. Examples of such systems in-
cludethe AP13000™ and AP14000™ LC-MS/MS system
marketed by MDS Sciex; however, those skilled in the
relevant arts will appreciate that the invention can be ap-
plied to any suitably-controlled system comprising MS,
MS/MS or other multi-MS capabilities (e.g., 3D traps or
time-of-flight (TOF) analyzers).

[0014] As will be understood by those skilled in the
relevantarts, liquid chromatography is an analytical chro-
matographic technique used to separate ions dissolved
in solvent(s), and is one way in which, for example, mul-
tiple substances within a given compound can be intro-
duced to the MS interface to be ionized, and thus ions of
varying m/z ratios provided to a mass spectrometer over
a period of time, in a distributed manner. When for ex-
ample a sample solution comprising the targeted ana-
lytes is introduced via sample injector 213 to solvent 215
provided by pump 216 and placed in contact with suitable
second solid or liquid phase reaction agent(s) in column
217, reactions may be caused which have the effect of
separating analytes of interest from other substances.
By making use of different transit times required for the
reaction products, including the target analytes, to pass
through the column 217, analytes of interest, which typ-
ically comprise ions of varying m/z ratios, may be intro-
duced to a mass spectrometer 14, 214 in a distributed
manner over a range of times.

[0015] As will be further understood by those skilled in
the relevant arts, a wide variety of ion sources including
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the ionizers 218, such as an ionspray, and LC columns
are suitable for use in implementing the invention de-
scribed herein. Preferred ion sources are those which
separate analytes within the test matrix in such a way
that the analytes or analyte ions are provided to the mass
spectrometer 14 in a distributed manner, i.e., over a
range oftimes, so as to facilitate recursive mass analyses
by mass spectrometer 14 using MRM or other suitable
techniques. LC columns represent only one type of
source for introducing analyte solution to be ionized that
is currently available and suitable for use inimplementing
the invention. Others are now commercially available,
and will doubtless hereafter be developed. Analytes may
be introduced to the mass spectrometer 14 by means
other than LC; for example, analytes may be separated
based on a variety of selective extraction or derivatization
techniques, and presented in solution form to the mass
spectrometer 14 without the benefit of further LC sepa-
ration. Another example exists commercially as analytes
are crystallized with or without a matrix and introduced
to the mass spectrometer 14 for ionization as is the case
with matrix-assisted-laser-desorption-ionization (MAL-
DI), or other surface ionization applications.

[0016] Mass spectrometer 14 in Figure 2 comprises a
triple quad mass spectrometer device 214 which includes
tandem quadrupole ion guide 250. lons provided by ion
source 12, 212 pass into mass spectrometer 14, 214
through deferentially-pumped region 220, and from there
through skimmer 240 into a first collimating quadrupole
QO. In order to further accommodate desired manipula-
tion of ions provided by ion source 12, 212, collimating
quadrupole QO can for example be located in a chamber
16 maintained at a pressure around 10.sump.-2 torr.
[0017] Upstream from rod set Q1 within chamber 18,
in the embodiment shown, is a short collimating rod set
22. Collimating rod set 22 can for example be used to
focus ions of selected m/z ratios prior to their being in-
troduced to rod set Q1.

[0018] Mass spectrometer 214 can further comprise
downstream chamber 18, comprising triple rod sets Q1,
Q2 and Q3, with Q2 being indicated within an interior
subsidiary chamber 20. Chamber 18 can be maintained
at a pressure of approximately 10.sup.-5 torr, while the
subsidiary chamber 20 is supplied with nitrogen or argon
gas as indicated at 21 for effecting collision-induced dis-
sociation (CID). In currently-commercialized embodi-
ments, chamber 20 is typically maintained at a pressure
of around 10.sup.-2 torr.

[0019] The various chambers 16, 18, 20 can be con-
nected in known manner to suitable pumps, as indicated
at 21, 24, 25 and 26. Commonly, for example, differen-
tially-pumped region 12 can be connected to a roughing
pump, which can serve to back up higher performance
pumps connected to the pump connections 25 and 26.
[0020] Rod sets Q1 and Q3 can be operated in various
modes, including a mass-resolving mode, to select ions
of particular m/z ratios. Selected ions pass through into
Q2 and may be subjected to CID and/or other desired
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reaction. The resulting product ions and any remaining
precursor ions may then be passed through into mass-
resolving rod set Q3 and recorded by detector 28.
[0021] Thus, as will be understood by those skilled in
the relevant arts, ions provided by ion source 12, 212
can be controlled by the various components of tandem
quadrupole ion guide 250 in order to provide the ions to
mass resolver Q3 in desired sequences. As described
herein, for example, ions of various m/z ratios can be
provided to Q3 atdesired times and in desired sequences
by suitably controlling gas pressures in the various cham-
bers or devices 16, 18, 20, 220, 240, and/or by suitably
controlling voltages applied across the electrodes of rod
sets Q0, Q1, Q2, Q3 and 22. As further described herein,
control signals suitable for controlling such gas pressures
and voltages can be provided by controller 54.

[0022] As will be understood by those skilled in the
relevant arts, mass spectrometers of any configurations
or capabilities compatible with the purposes described
herein are suitable for use in implementing the invention.
Thus quadrupole linear ion trap (QTrap), tandem quad-
rupole time-of-flight (QqTOF), and other varieties of
known mass spectrometers, and many types of mass
spectrometers which may be developed in the future, are
suitable for use in implementing the invention. Of partic-
ular advantage in some instances, as will occur to those
skilled in the relevant arts once they have been made
familiar with this disclosure, are mass spectrometers
compatible with Multiple Reaction Monitoring (MRM) and
Enhanced Product lon (EPI) analysis.

[0023] Mass analyzer 100, 110 further comprises con-
troller 54, which is adapted for receiving, storing, and
otherwise processing data signals acquired from or oth-
erwise provided by user-controlled input device(s) and/or
by mass analyzer 100, 110; and for executing suitable
algorithms to determine, and for providing command sig-
nals adapted for the control of operations performed by
mass analyzer 100, 110 in accordance with such signals.
For example, controller 54 is adapted for interpreting and
providing signals useful for controlling voltages and pres-
sures applied by and maintained within mass spectrom-
eter 14, 214, and optionally for controlling ion source 12,
212. Controller 54 further provides a user interface suit-
able for controlling the mass analyzer 100, 110, and its
components, and thus can include input/output devices
suitable for accepting from the user and implementing
commands suitable for analyzing substances.

[0024] In particular, controller 54 is adapted for receiv-
ing, from an input source 62, signals representing iden-
tifier(s) identifying one or more substances, using the
identifier(s) to automatically access a data set comprising
analysis parameters associated with the identifier, and,
using the accessed data, automatically determining and
providing to the mass spectrometer 14, 214 a set of com-
mand signals for use by a mass spectrometer in analyz-
ing the substance(s). Controller 54 may further be adapt-
ed for processing data acquired by mass spectrometer
14, 214 in response to the provided command signals,
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and for using such acquired data in determining com-
mand signals for use by the mass spectrometer in further
analyzing the substance(s). For example, controller 54
can be adapted to store data acquired from mass spec-
trometer 14, 214 representing substances identified by
mass analyzer 100, and/or to process such data for out-
put to a user in human-interpretable form such as a print-
ed or displayed graph or plot.

[0025] As will be understood by those skilled in the
relevant arts, controller 54 can comprise any data-acqui-
sition and processing system(s) or device(s) suitable for
use in accomplishing the purposes described herein.
Controller 54 can comprise, for example, a suitably-pro-
grammed or - programmable general- or special-purpose
computer or computer chip, or other automatic data
processing equipment, with associated programming
and data acquisition, input, output, communications, and
control devices. In particular, controller 54 preferably
comprises or is linked to or otherwise associated with
suitable volatile and/or persistent memory(s).

[0026] Accordingly, controller 54 can comprise one or
more automatic data processing chips adapted for auto-
matic and/or interactive control by appropriately-coded
structured programming, including one or more applica-
tion and operating system programs, and any necessary
or desirable volatile or persistent storage media. As will
be understood by those of ordinary skill in the relevant
arts, a wide variety of processors, programming languag-
es, data acquisition, and control devices suitable for im-
plementing the invention are now available commercial-
ly, and will doubtless hereafter be developed.

[0027] Examples of suitable controllers, comprising
suitable processors, memories, input and output devices,
and programming are those incorporated in the API
3000™ or APl 4000™ LC-MS/MS systems available
through MDS Sciex of Ontario, Canada.

[0028] As will be understood by those skilled in the
relevant arts, an automated mass analyzer is any mass
analysis device adapted to perform one or more opera-
tions useful in or required for mass analysis of target sub-
stances without a requirement for specific user command
inputs. Combinations of controllers 54 adapted for such
purposes with mass analyzers 100, 110 are examples of
automated mass analyzers.

[0029] An example of a controller architecture suitable
for use in implementing the invention is shown in Figure
3. In the embodiment shown in Figure 3, controller 54
comprises one or more processors 56 and associated
volatile memory 58, persistent memory 60, input de-
vice(s) 62, and output device(s) 64. Controller 54 is com-
municatively linked to mass spectrometer 12, 214 and to
ion source 12, 212 (including various individual compo-
nents thereof), in order to obtain data signals there from
and to provide command signals thereto, as described
herein. Controller 54 may further be communicatively
linked to one or more remote data bases 66 via a com-
munications network 76 such as awired or wireless public
or private network, such as the Internet or a local or wide-
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area network.

[0030] As will be understood by those skilled in the
relevant arts, memories 58, 60, input and output devices
62, 62, and communications interface 66 can comprise
any suitable devices or components, including for exam-
ple optical and magnetic ROMs and RAMSs, keyboards,
pointing devices, display screens, printers, wireless de-
vices, and modems. A wide variety of suitable devices
and components are now commercially available, and
will doubtless hereafter be developed.

[0031] Figure 4 is a schematic diagram of a process
suitable for use in implementing the invention. Process
400 illustrated in Figure 4 is suitable for implementation
using, for example, mass analysers 100, 110 such as
those shown in Figures 1 and 2, under the control of
controllers as shown in Figure 3, executing programs im-
plementing suitably-programmed algorithms; and is de-
scribed below as if soimplemented. Itis to be understood,
however, that, as described herein, process illustrated
400 in Figure 4 can be implemented using a wide variety
of system and component configurations, including a
wide variety of programming techniques.

[0032] At 402 controller 54 acquires or otherwise re-
ceives from an input source signals representing identi-
fier(s) identifying one or more compounds or substances
to be analysed. For example, a user of a mass analyzer
100, 110 uses a suitably-programmed and/or controlled
input device 62 such as a keyboard, pointing device, and
/ or interactive screen display to enter data representing
an accepted compound or substance name, or abbrevi-
ation thereof, or other unique identifier. The input device
provides signals representing the entered data to the
processor(s) 56. For example, the user can enter data
identifying one or more chemicals, biological products
such as a clinical test or forensic samples, or nutritional
substances such as a foods or beverages by name, or
by other coded reference such as index or reference
number(s).

[0033] At 402 the user may also enter additional data
identifying or otherwise specifying information relating to
the manner in which the identified substance(s) are to be
made available to the mass spectrometer 14 for analysis.
For example, where a mass analyzer 100 comprises an
LC column 212, and it is expected that an identified sub-
stance or compound will pass or begin to pass from the
LC column to the mass spectrometer 14 at a given time,
or within a given time range, the user can input data rep-
resenting such time and/or time range, or coded refer-
ence to such information. As explained herein, such ad-
ditional data can be used, for example, to furtherimprove
the efficiency of the analysis of the identified sub-
stance(s). Signals representing any such data input by
the user may be provided to processor(s) 56 for use in
controlling analysis of the identified substance(s) by the
mass analyser 100. In applications which require the de-
tection of hundreds or even thousands of substances in
a sample, the efficiency of the mass analyser 100 may
be improved by monitoring only for those compounds
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which are expected to pass from the LC column at spe-
cific times during the analysis. For example, in the anal-
ysis of apple products for pesticide residues, there may
be 400 compounds to be monitored. Each compound
has a specific elution time from the LC column. By em-
ploying the techniques described herein, the user may
simply provide information about the compounds to be
analysed such as their mass, desired parent-daughter
ion transitions to be monitored, and elution time or time
window, and the system can automatically control the
analyserscan functions during the analysis such that only
the compounds expected at each time point during the
analysis would be scanned for; thus at any given time
during the analysis much fewer than the total 400 com-
pounds are being scanned for. Because the system can
interpret the information provided by the user on a scan-
by-scan basis, there is no need to construct a complicat-
ed acquisition method to the mass analyser 100 in ad-
vance of the analysis.

[0034] At 404 controller 54, using the identifier(s) re-
ceived at 402, automatically accesses data comprising
analysis parameters associated with the identifier(s). For
example, processor(s) 56 can, by causing the transmis-
sion of suitable command signals, without further input
from the user beyond the identifiers received at 402, que-
ry one or more of memories / databases or other data
stores 58, 60, 66 to retrieve data associated with a com-
pound associated with identifiers received at a process
step 402, the compound comprising a plurality of sub-
stances and times or ranges of times over which those
substances can be expected to be released or otherwise
made available to a mass spectrometer 14 by an ionizer
218 as provided by the output from an LC column 214.
In various embodiments, the ionizer 218 can generate
ions directly from the output of the LC column in real time
or the output substance from the LC column can be de-
posited onto a MALDI plate surface for future ionization
as known in the art. For example, complex compounds
comprising multiple known substances suspended or
dissolved in known solvents have been analyzed using
LC columns comprising known reaction agents, and the
output of substances from the LC columns recorded as
afunction of time. Thus for example data sets comprising
identifiers such as names representing compounds,
and/or substances, and the times and/or ranges of times
(including suitable tolerances for variations) at which var-
ious ions are released from the LC column (sometimes
known as "retention time") are known and can be used
in accordance with the invention. An example of an ap-
plication of this aspect of the invention is an on-demand
analysis application for rapid drug screening. In the case
where blood or urine sample is provided and requires
urgent analysis for a large number of possible toxins or
drugs of abuse, this invention provides the user with the
ability to simply supply a list of desired analytes. The
system can then automatically perform the appropriate
mass analyser 100 functions to detect the compounds
by obtaining information about scanning parameters, elu-
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tion times, desired identification ions, etc. from a data-
base.

[0035] At 408 controller 54, using data accessed at
404, provides command signals determined at 406 to
mass analyzer 100, in order to configure the mass ana-
lyzer for analysis of substance(s) provided by ion source
14.In preferred embodiments command signals thus pro-
vided cause mass analyzer to be configured accordingly,
and are thus used by mass analyzer 100 in performing
a desired analysis of the substance(s) and as desired in
any subsequent processing of data obtained by the mass
analyzer 100.

[0036] One of the advantages offered by the invention
is improved analysis of multiple compounds and/or the
analysis of relatively complex compounds. The invention
can be useful, for example, in enabling controller 54 to
cause the re-configuration of mass analyzer 100 and/or
any components thereof in performing sequential analy-
ses of multiple substances, orin breaking down the anal-
ysis of complex compounds into multiple steps, and re-
configuring one or more components of mass analyzer
100 for efficient analysis during such analyses or steps,
as for example in LC/MS/MS or other recursive spectros-
copy. Furthermore, because the invention allows the de-
termination of subsequent analysis based on the data
provided by the user in specifying the method, and/or
accessed at 404, the system may combine this data with
the data collected by the mass analyzer 100 on a per
scan basis to correct for deviations in LC performance
which may resultin compounds of interest eluting attimes
different from those specified, and/or to adjust the mass
analyser 100 duty cycle to improve the signal-to-noise
ratio for low intensity peaks, and/or any other appropriate
adjustment of the mass analyser 100 parameters which
my be indicated by the current or previous scan data.
Thus at 410 a determination is made by controller 54 as
to whether any subsequent analyses, analysis steps, or
mass analyser 100 adjustments are to be performed. If
so, process 402 - 408 is repeated as desired. Thus the
invention provides, for example, for increased perform-
ance in the execution of multiple scan duty cycles in
LC/MS/MS or other recursive analyses.

[0037] For example, a recursive mass analyzer such
as an LC-MS/MS device 110 can be configured to per-
form a series of scanning by for example configuring the
device to provide suitable electromagnetic fields in de-
vices Q0, Q1, Q2, Q3, and 22 of Figure 2, and/or suitable
pressures in chambers or devices 16, 18, 20, 220, 240,
at varying points in time, for the optimal detection of ions
of varying mass-charge (m/z) ratios as they are released
by a chromatographic device. In particular, the mass an-
alyzer may be configured for the detection of ions of var-
ying m/z ratios during the time periods at which they are
released by the chromatographic device and made avail-
able to the mass analyzer.

[0038] An example of the usefulness of this invention
in practice is easily found in modern routine analysis. For
example, in the analysis of blood or urine samples for
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drugs of abuse, the analyst is challenged to find a method
which can simultaneously detect the presence of hun-
dreds of compounds inthe blood or urine sample. In order
to facilitate this analysis, LC separation is used to present
the mass spectrometer with a liquid stream in which the
analytes of interest are generally separated in time
throughout the period of the analysis. Because the ana-
lytes appear individually for a limited time (peak width)
in the LC stream, and because the detector must scan
for hundreds of compounds individually in a looped se-
quence of MRM or other compound specific scan func-
tions, the number of data points available to characterize
the presence of a compound in the sample is limited by
the number of complete scan cycles which can be ac-
complished within the typical peak width. For typical tri-
ple-quad (QQQ) instrumentation, a scan cycle compris-
ing theindividual selective scans for 400 compounds may
take up to 20 seconds, depending on the instrument. For
typical peak widths of 10-30 seconds, it would be normal
to expectonly one or two data points per peak. In extreme
cases, there is the likelihood that a compound would go
undetected as the peak width is smaller than the scan
cycle and thus occurs between subsequent scans, there-
by eluting undetected. With the implementation of the
invention described herein, the user can simply provide
the system with a list of compound names and expected
elution times or time windows. The system would then
automatically, on a scan-by-scan basis, determine which
compounds to scan for, thus significantly reducing the
number of compounds which are being simultaneously
scanned for at any given time during the analysis. Fur-
thermore, the systems has the ability to adjust mass an-
alyser 100 properties on a scan- by-scan basis to perform
subsequent MS/MS analysis for compound confirmation,
correct for variations in LC performance, and improve
signal-to-noise ratios of small signals. This has the effect
of increasing the number of data points which represent
the eluting analyte peaks, and increasing the instrument
duty cycle with respect to each individual analyte. By em-
ploying thisinvention, the data generated by such a multi-
compound screening method can be improved by reduc-
ing the probability of an undetected peak, improving the
quality of peak area determination (quantitation) and al-
lowing for an increase in the speed of analysis. Further-
more, the implementation of large numbers of analytes
in a method becomes very simple for the user as all that
is required is a list of expected elution times for the de-
sired compounds which the system can interpret in order
to appropriately control the detector during the analysis.
[0039] As noted above, process 400 illustrated in Fig-
ure 4 and other processes described herein are suitable
for implementation using mass analysers such as those
shown in Figures 1 and 3, and controllers as shown in
Figure 3, executing suitably-programmed algorithms. As
will be understood by those of ordinary skill in the relevant
arts, such algorithms can be coded or otherwise pro-
grammed in a wide variety of ways to provide computer-
readable and -executable program codes, including for
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example through the use of binary language or high-level
computer languages such as C++, FORTRAN, C#or any
other suitable programming language. The implementa-
tion of the code may be approached in several different
ways, and the code and information storage necessary
may be implemented on either the instrument controller
of the host computer.

[0040] While the invention has been described and il-
lustrated in connection with preferred embodiments,
many variations and modifications, as will be evident to
those skilled in the relevant art(s), may be made without
departing from the scope of the invention as defined in
the claims; and the invention is thus not to be limited to
the precise details of methodology or construction set
forth above, as such variations and modifications are in-
tended to be included within the scope of the invention.
Except to the extent necessary or inherent in the proc-
esses themselves, no particular order to steps or stages
of methods or processes described in this disclosure,
including the Figures, is implied. In many cases the order
of process steps may be varied without changing the pur-
pose, effect, or import of the methods described.
[0041] The section headings used herein are provided
for organizational purposes only, and are not to be con-
strued as limiting the subject matter described in any way.

Claims

1. A method of controlling a mass spectrometer in the
analysis of a compound, the method performed by
acontroller of an automated mass analyzer and com-
prising:

receiving from an input source signals repre-
senting an identifier identifying a compound;
using the identifier, automatically accessing da-
ta comprising analysis parameters associated
with the identifier and, using the accessed data,
automatically determining a set of command sig-
nals for use by amass spectrometer in analyzing
at least a portion of the compound;

providing the command signal set to the mass
spectrometer, in order to configure the mass
spectrometer to analyze at least a portion of the
compound; and

receiving from the mass spectrometer data col-
lected from the previous analysis to adjust the
command signal set for the further analysis.

2. Themethod of claim 1, wherein the automated mass
analyzer comprises a compound source adapted to
provide the compound over a period oftime, wherein:

the method includes the controller receiving a
designation identifying a range of times within
which portions of the compound are to be pro-
vided by the compound source to the mass
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spectrometer; and

the command signal set determined by the con-
troller using the accessed data set and the iden-
tified range of times is adapted to cause the
mass spectrometer to perform multiple scan du-
ty cycles, the respective duty cycles adapted for
detecting ions associated with the identifier in
accordance with a time at which the ions are to
be provided by the compound source.

The method of claim 2, wherein the designation iden-
tifying a range of times comprises at least one spec-
ified time and a time range tolerance.

The method of claim 1, wherein the mass analyzer
comprises at least one of a triple quadrupole mass
spectrometer, QTrap, and QqTOF device, and the
analysis parameters associated with the identifier
comprise data useable by the controller for automat-
ically determining command signals adapted for con-
trolling at least one duty cycle performed by the mass
spectrometer in analyzing the compound.

The method of claim 4, wherein the duty cycle com-
prises a portion of a Multiple Reaction Monitoring
(MRM) or Enhanced Product lon (EPI) analysis.

A system useful for the automated analysis of com-
pounds using amass spectrometer, the system com-
prising:

a mass spectrometer adapted to receive ions
from ion source,

a controller adapted to receive from an input
source signals representing an identifier identi-
fying a compound; to use the identifier to auto-
matically access data comprising analysis pa-
rameters associated with the identifier and, us-
ing the accessed data, to automatically deter-
mine a set of command signals for use by the
mass spectrometer in analyzing at least a por-
tion of the compound; to provide output signals
representing the command signal set to the
mass spectrometer, for use by the mass spec-
trometer in analyzing at least a portion of the
compound, and to receive from the mass spec-
trometer data collected from the previous anal-
ysis to adjust the set of command signals for the
further analysis.

The system of claim 6, wherein the controller is
adapted in accordance with instructions of a control
program stored ina memory associated with the con-
troller.

The system of claim 7, wherein the memory is volatile
or persistent.
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9. A computer usable medium having computer read-

able code embodied therein for causing a controller
for a mass analysis system to:

receive from an input source signals represent-
ing an identifier identifying a compound;

using the identifier, automatically access data
comprising analysis parameters associated with
the identifier and, using the accessed data, au-
tomatically determine a set of command signals
for use by a mass spectrometer in analyzing at
least a portion of the compound,;

provide the command signal set to the mass
spectrometer, for use by the mass spectrometer
in analyzing at least a portion of the compound;
and

receiving from the mass spectrometer data col-
lected from the previous analysis to adjust the
command signal set for the further analysis.

Patentanspriiche

1.

Verfahren zum Steuern eines Massenspektrome-
ters bei der Analyse einer Verbindung, wobei das
Verfahren von einer Steuereinheit eines automati-
sierten Massenanalysators durchgefiihrt wird und
Folgendes umfasst:

Empfangen von Quellensignalen von einem
Eingang, die einen ldentifikator darstellen, der
eine Verbindung identifiziert;

mit Hilfe des Identifikators automatisches Abru-
fen von Daten, die Analyseparameter umfas-
sen, die dem Identifikator zugeordnet sind, und,
mit Hilfe der aufgerufenen Daten, automati-
sches Bestimmen eines Satzes von Befehlssi-
gnalen zur Verwendung durch ein Massenspek-
trometer bei der Analyse mindestens eines Teils
der Verbindung;

Bereitstellen des Befehlssignalsatzes fiir das
Massenspektrometer, um das Massenspektro-
meter so zu konfigurieren, dass es mindestens
einen Teil der Verbindung analysiert; und
Empfangen von Daten von dem Massenspekt-
rometer, die aus der vorherigen Analyse gesam-
melt wurden, um den Befehlssignalsatz fir die
weitere Analyse anzupassen.

Verfahren nach Anspruch 1, wobei der automatisier-
te Massenanalysator eine Verbindungsquelle um-
fasst, die dafiir ausgelegt ist, die Verbindung ber
einen Zeitraum bereitzustellen, wobei:

das Verfahren umfasst, dass die Steuereinheit
eine Bezeichnung empfangt, die einen Zeitbe-
reich identifiziert, innerhalb derer Teile der Ver-
bindung durch die Verbindungsquelle dem Mas-
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senspektrometer zugefiihrt werden; und

der Befehlssignalsatz, der durch die Steuerung
unter Verwendung des zugegriffenen Datensat-
zes und des identifizierten Zeitbereichs be-
stimmt wird, dafiir ausgelegt ist, das Massen-
spektrometer zu veranlassen, mehrere Abtast-
arbeitszyklen auszufiihren, wobei die jeweiligen
Arbeitszyklen dafiir ausgelegt sind, lonen zu er-
fassen, die dem ldentifikator gemaR einer Zeit
zugeordnet sind, in der die lonen von der Ver-
bindungsquelle bereitzustellen sind.

Verfahren nach Anspruch 2, wobei die Bezeichnung,
die einen Zeitbereich identifiziert, mindestens eine
vorgegebene Zeitund eine Zeitbereichstoleranz um-
fasst.

Verfahren nach Anspruch 1, wobei der Massenana-
lysator mindestens eine Triple-Quadrupol-Massen-
spektrometer-, QTrap- oder QqTOF-Vorrichtung
umfasst und die Analyseparameter, die mit dem
ldentifikator verbundenen sind, Daten umfassen, die
von der Steuereinheit zum automatischen Ermitteln
von Befehlssignalen verwendbar sind, die daflr aus-
gelegtsind, mindestens einen Arbeitszyklus zu steu-
ern, der durch das Massenspektrometer bei der Ana-
lyse der Verbindung durchgefiihrt wird.

Verfahren nach Anspruch 4, wobei der Arbeitszyklus
einen Teil einer Mehrfachreaktionsiiberwachung
(Multiple Reaction Monitoring, MRM) oder einer ver-
besserten Produkt-lonen- (Enhanced Product lon,
EPI) Analyse umfasst.

System, das flr die automatisierte Analyse von Ver-
bindungen unter Verwendung eines Massenspekt-
rometers nitzlich ist, wobei das System Folgendes
umfasst:

ein Massenspekirometer, das dafiir ausgelegt
ist, lonen von der lonenquelle zu empfangen,

eine Steuereinheit, die fur Folgendes ausgelegt
ist: Empfangen von Quellensignalen von einem
Eingang, die einen Identifikator darstellen, der
eine Verbindung identifiziert; mit Hilfe des Iden-
tifikators automatisches Abrufen von Daten, die
Analyseparameter umfassen, die dem ldentifi-
kator zugeordnet sind, und, mit Hilfe der aufge-
rufenen Daten, automatisches Bestimmen ei-
nes Satzes von Befehlssignalen zur Verwen-
dung durch das Massenspektrometer bei der
Analyse mindestens eines Teils der Verbin-
dung; Bereitstellen von Ausgangssignalen, die
den Befehlssignalsatz fur das Massenspektro-
meter darstellen, zur Verwendung durch das
Massenspektrometer bei der Analyse mindes-
tens eines Teils der Verbindung, und Empfan-
gen von Daten von dem Massenspektrometer,
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die aus der vorherigen Analyse gesammelt wur-
den, um den Satz der Befehlssignale fir die wei-
tere Analyse anzupassen.

System nach Anspruch 6, wobei die Steuereinheit
gemal Anweisungen eines Steuerprogramms aus-
gelegtist, das in einem Speicher gespeichert ist, der
der Steuereinheit zugeordnet ist.

System nach Anspruch 7, wobei der Speicher fliich-
tig oder persistent ist.

Computerverwendbares Medium, in dem computer-
lesbarer Code gebildet ist, um eine Steuereinheit fir
ein Massenanalysesystem zu Folgendem zu veran-
lassen:

Empfangen von Quellensignalen von einem
Eingang, die einen ldentifikator darstellen, der
eine Verbindung identifiziert;

mit Hilfe des Identifikators automatisches Abru-
fen von Daten, die Analyseparameter umfas-
sen, die dem Identifikator zugeordnet sind, und,
mit Hilfe der aufgerufenen Daten, automati-
sches Bestimmen eines Satzes von Befehlssi-
gnalen zur Verwendung durch ein Massenspek-
trometer bei der Analyse mindestens eines Teils
der Verbindung;

Bereitstellen des Befehlssignalsatzes fiir das
Massenspektrometer zur Verwendung durch
das Massenspektrometer bei der Analyse min-
destens eines Teils der Verbindung, und
Empfangen von Daten von dem Massenspekt-
rometer, die aus der vorherigen Analyse gesam-
melt wurden, um den Befehlssignalsatz fir die
weitere Analyse anzupassen.

Revendications

Procédé de commande d’un spectrométre de masse
lors de I'analyse d’'un composé, le procédé étant réa-
lisé par un dispositif de commande d’un analyseur
de masse automatique et comprenant :

la réception d’'une source d’entrée de signaux
représentant un identificateur identifiant un
composeé ;

a l'aide de l'identificateur, 'accés automatique
a des données comprenant des paramétres
d’analyse associés a l'identificateur et, a I'aide
des données consultées, la détermination auto-
matique d’'un ensemble de signaux de comman-
de en vue d’une utilisation par un spectromeétre
demasse lors del'analyse d’au moins une partie
du composé ;

I'émission de 'ensemble de signaux de com-
mande vers le spectrométre de masse, pour
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configurer le spectrométre de masse afin d’ana-
lyser au moins une partie du composé ; et

la réception depuis le spectrométre de masse
dedonnéesrecueillies dans I'analyse précéden-
te pour ajuster 'ensemble de signaux de com-
mande pour la suite des mesures.

Procédé selon la revendication 1, dans lequel I'ana-
lyseur de masse automatique comprend une source
de composé congue pour produire le composé sur
une période de temps,

le procédé comprenant la réception par le dispositif
de commande d’une désignation identifiant une pla-
ge temporelle pendant laquelle des parties du com-
posé doivent étre produites par la source de com-
posé au spectrometre de masse ; et

I'ensemble de signaux de commande déterminé par
le dispositif de commande a l'aide de I'ensemble de
données consultées et de la plage temporelle iden-
tifiée étant congu pour amener le spectromeétre de
masse arealiser des rapports cycliques de balayage
multiple, les rapports cycliques respectifs étant con-
cus pour détecter des ions associés a I'identificateur
en fonction d’'un moment auquel les ions doivent étre
produits par la source de composé.

Procédé selon la revendication 2, dans lequel la dé-
signation identifiant une plage temporelle comprend
au moins un moment spécifié et une tolérance de
plage temporelle.

Procédé selon la revendication 1, dans lequel I'ana-
lyseur de masse comprend un spectromeétre de mas-
se triple quadripolaire, un dispositif QTrap et/ou Qg-
TOF, et les paramétres d’analyse associés a I'iden-
tificateur comprennent des données utilisables par
le dispositif de commande pour déterminer de ma-
niére automatique des signaux de commande con-
¢us pour commander au moins un rapport cyclique
réalisé par le spectrométre de masse lors de I'ana-
lyse du composeé.

Procédé selon larevendication 4, dans lequel le rap-
port cyclique comprend une partie d’'une analyse de
suivide réactions multiples (MRM) ou d’ions produits
améliorés (EPI).

Systeme servant a effectuer une analyse automati-
que de composés a l'aide d’'un spectrométre de mas-
se, le systéme comprenant :

un spectrométre de masse congu pour recevoir
des ions d’une source d’ions,

un dispositif de commande congu pour recevoir
d’une source d’entrée des signaux représentant
un identificateur identifiant un composé ; utiliser
I'identificateur pour accéder automatiquement a
des données comprenant des paramétres
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d’analyse associés a l'identificateur et, a I'aide
des données consultées, déterminer de manié-
re automatique un ensemble de signaux de
commande en vue d’une utilisation par le spec-
trometre de masse lors de I'analyse d’au moins
une partie du composé ; émettre des signaux
de sortie représentant 'ensemble de signaux de
commande vers le spectromeétre de masse, en
vue d’une utilisation par le spectrométre de mas-
se lors de l'analyse d’au moins une partie du
composé, etrecevoir du spectrométre de masse
des données recueillies dans I'analyse précé-
dente pour ajuster I'ensemble de signaux de
commande pour la suite des mesures.

Systeme selon la revendication 6, dans lequel le dis-
positif de commande est congu conformément aux
instructions d’'un programme de commande stocké
dans une mémoire associée au dispositif de com-
mande.

Systeme selon la revendication 7, dans lequel la mé-
moire est volatile ou permanente.

Supportutilisable par ordinateur ayantun code lisible
par ordinateur incorporé dans celui-ci afin d’'amener
un dispositif de commande pour un systeme d’ana-
lyse de masse a :

recevoir d’'une source d’entrée des signaux re-
présentant un identificateur identifiant un
composeé ;

a I'aide de l'identificateur, accéder de maniére
automatique a des données comprenant des
paramétres d’analyse associés a l'identificateur
et, a 'aide des données consultées, déterminer
de maniere automatique un ensemble de si-
gnaux de commande en vue d’une utilisation par
un spectrometre de masse lors de I'analyse d’au
moins une partie du composé ;

émettre 'ensemble de signaux de commande
vers le spectrométre de masse, en vue d’'une
utilisation par le spectrométre de masse lors de
I'analyse d’au moins une partie du composé ; et
recevoir du spectrométre de masse des don-
nées recueillies dans I'analyse précédente pour
ajuster 'ensemble de signaux de commande
pour la suite des mesures.
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