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LOCKSPRAY™:

AUTOMATED EXACT MASS MEASUREMENT

FOR ELECTROSPRAY APPLICATIONS

WHAT IS LOCKSPRAY?

LockSpray™ is a novel patented ion source designed
specifically for exact mass measurement with
electrospray ionization using Waters LC-ime-of-flight
(LC-TOF) mass spectrometers. Whether analyzing drug
candidates, environmental pollutants, residues or
drugs of abuse, LockSpray allows exact mass
measurement for LC/MS applications to be performed
with ease.

HOW DOES LOCKSPRAY WORK?

The LockSpray ion source is designed specifically for
the Waters ZSpray™ AP interface and is used for
LC/MS analysis with electrospray ionization. The
source is arranged with dual sprayers - one sprayer is
connected to the LC eluent and the other sprayer is
used to infroduce a reference solution for exact mass
measurement. The eluent from each of the sprayers is
kept completely separate by a rotatable baffle and is
indexed via MassLynx™ Software control. By keeping
the information produced by each sprayer completely
separate, data integrity is maintained.

The process of gaining an exact mass measurement
using LockSpray is automatic. During your analysis, a
reference solution is constantly infused into the
reference sprayer. The reference solution is set up
prior to any analysis with a known compound (or
compounds) which act as a ‘lock mass’ during the
experiment. By providing a known reference mass,
you can be sure that your exact mass measurement
will have a high degree of accuracy and therefore
provide you with the confidence in your answer.

During the LC/MS analysis, the reference sprayer is
sampled periodically which maintains a very high duty
cycle on the analyte sprayer. By sampling the
reference sprayer once every 10-20 seconds, a

‘snapshot’ of the reference sprayer information is used

Ashley Sage
Waters Corporation, Manchester, UK

to produce your exact mass measurement. Using
LockSpray constantly validates any exact mass
measurement performed, providing you with assurance
that your answer is correct. Figure 1 shows a schematic
representation of the LockSpray ion source with the two
graphics showing both the analyte and reference

sprayer positions.

BAFFLE

ANALYTE SPRAY I ION
BLOCK

SAMPLING O
CONE

REFERENCE SPRAY f j

ANALYTE SPRAY 1 ION
BLOCK

BAFFLE

SAMPLING O
CONE

REFERENCE SPRAY E j

Figure 1. Exact mass measurement made easy using

LockSpray.
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THE BENEFITS OF USING LOCKSPRAY

Traditional methods of performing exact mass
measurement would often cause difficulties during
analysis. During LC/MS experiments, the reference
mass would have to be infused directly into the eluent
post-column but this could often result in :

e Instability of the reference solution due to
plumbing issues

*  Variability of the reference mass ion current due
to LC gradient changes

e Possibility of mass interferences during the exact
mass experiment

e Suppression of the lock mass ion current due to
electrospray charge competition

Through the use of LockSpray, these difficulties are
removed. Infusing a lock mass solution directly into the
separate sprayer ensures that there are no practical
set up problems, no variability when carrying out an
LC gradient and completely removes the possibility of
mass inferferences as the reference sprayer
information is kept completely separate from the
analyte data.

Some other commercially available LC-TOF mass
spectrometers provide the facility of a dual sprayer
arrangement for LC/MS analysis. However, such ion
sources allow the two sprayers to mix prior to
sampling by the mass spectrometer. Through mixing
the two sprays, the experimental problems listed
above are still potential issues - particularly the
variability of the reference mass ion current, the
possibility of mass interferences, and potential of ion
suppression.

Figure 2 highlights the issue of introducing the
reference mass post-column directly info the eluent
stream, as in traditional methods of performing exact
mass measurement. Running a normal LC/MS
experiment with electrospray ionization and an LC
gradient from high aqueous to high organic modifier
can change the ion current of the reference mass
causing signal instability. The upper trace is the ion

Waters

current produced by the reference mass and it can be
seen that over the course of the gradient, the signal
produced by the ion varies considerably resulting in
experimental difficulties. Figure 3 shows the same LC
gradient but now using LockSpray. The upper trace is
again the reference mass, and it remains completely
constant because the analyte and reference sprays are
kept separate but indexed via the rotatable baffle.
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Figure 2. Introduction of a reference mass post-column
during an LC gradient without LockSpray.
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Figure 3. Introduction of a reference mass during an

LC gradient with LockSpray.
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EXACT MASS MEASUREMENT RESULTS
USING LOCKSPRAY

LockSpray with the Waters® Micromass® LCT Premier™
Mass Spectrometer have been used to analyze an

8 component mixture of ‘pharmaceuticalike’
compounds. Each compound was analyzed by LC/MS
and an exact mass was generated for each peak.
Figure 5 shows a typical LC/MS chromatogram
obtained, and Table 1 shows the exact mass
measurements for each of the peaks. The RMS ppm
error for all the exact mass measurements was

1.6 ppm.

This example shows that the LCT Premier gives excellent
mass measurement accuracy across a wide range of
compounds with varying mass, physical properties, and
retention time during a reversed phase LC gradient.
This yields improved specificity during an LC/MS
experiment, providing the analyst with increased
confidence in the analytical result.
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Figure 4. Effectiveness of the LockSpray ion source
during an extended LC/MS analysis.

Figure 5. Exact mass measurement of 8
‘pharmaceuticallike’ components.
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U Compound Actual Mass Measured Mass mbDa Error ppm Error
u 4-acetamidophenol 152.0711 152.0708 -0.3 -2.0
© En sulfaguanidine 215.0602 215.0597 -0.5 -2.3
Sulfadimethoxine 311.0814 311.081 -0.4 -1.3
= Val-Tyr-Val 380.2185 380.219 0.5 1.3
Terfenadine 472.3215 472.321 -0.5 -1.1
’ Leucine enkephalin 556.2771 556.2775 0.4 0.7
Reserpine 609.2812 609.2828 16 2.6
@ Erythromycin 734.469 734.4695 05 0.7
0 RMS ppm error 1.6
I Table 1. Exact mass measurement results of 8 components during LC/MS analysis.
The LCT Premier also has the capability of carrying out posnegtest_exact104 R —
positive/negative ionization per sample, and 1001 o0 16T e
maintaining exact mass measurement. AthEL;SEEFQPQ
Positive/negative ionization is ideal for compound
screening applications where the particular mode of
ionization is not known. Figure 6 shows an exact mass u g Negalivelon
measured spectrum of raffinose in both positive
(IM+Na]*) and negative ([M-H]") ionization with an poarees
infer-acquisition delay of only 200 milliseconds.
O_
The use of LockSpray is also key for exact mass posnegiest_exact104 537 1550 TToRmME s

100+
measurement over extended periods of time.

Actual = 527.1588

LockSpray is not only designed to provide routine "1 Spprm Error

exact mass measurement over extended LC run fimes,

as highlighted in Figure 4, but it is also designed to bosiie o
provide reliable measurements for several hours, days ]

and months. Figure 7 shows repeat exact mass
measurement of a natural product sample over
10 days and over 3 orders of dynamic range. As can
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be seen, the data shows that exact mass

measurements using LockSpray are constant over the

time period of the study, providing very accurate and
reliable results.

Figure 6. Positive/negative switching analysis of
raffinose.



L
|_
O
£

O
o

c
-

o
=

Waters

RMS Error = 1.98 ppm
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Figure 7. Exact mass measurement over extended periods using LockSpray.
SUMMARY

LockSpray is specifically designed to make exact mass measurements easy. It provides a simplistic experimental
setup for exact mass measurement in conjunction with electrospray ionization and LC/MS applications.
LockSpray removes any practical setup issues but more importantly, any possibility of experimental problems
that may effect the ionization of the reference mass. By providing a reference mass continuously during an
LC/MS experiment, all exact mass measurements can be validated without having to rely on stable
environmental or instrument conditions. With the use of LockSpray and LCT Premier, exact mass measurements
are routine and reliable, even for extended periods of LC/MS analysis.

WATERS CORPORATION W
34 Maple St. -I-

Milford, MA 01757 U.S.A. O e rS
T. 508 478 2000

F: 508 872 1990 . .
wvewwaters.com For Complete = Confidence

Waters, Micromass, Masslynx, LockSpray, LCT Premier, and ZSpray are trademarks of
Waters Corporation.

All other trademarks are the property of their respective owners.

©2005 Waters Corporation Produced in the U.S.A.  Nov. 2005 720001415EN KJ-PDF

o

v

UKAS
ILALITY
MANAGEMENT
om

&

IT





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AGaramondPro-Semibold
    /AGaramondPro-SemiboldItalic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaStd-Bold
    /FuturaStd-BoldOblique
    /FuturaStd-Book
    /FuturaStd-BookOblique
    /FuturaStd-Condensed
    /FuturaStd-CondensedBold
    /FuturaStd-CondensedBoldObl
    /FuturaStd-CondensedExtraBd
    /FuturaStd-CondensedLight
    /FuturaStd-CondensedLightObl
    /FuturaStd-CondensedOblique
    /FuturaStd-CondExtraBoldObl
    /FuturaStd-ExtraBold
    /FuturaStd-ExtraBoldOblique
    /FuturaStd-Heavy
    /FuturaStd-HeavyOblique
    /FuturaStd-Light
    /FuturaStd-LightOblique
    /FuturaStd-Medium
    /FuturaStd-MediumOblique
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


