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Accurate Accurate MassMass MeasurementMeasurement

StructuralStructural confirmationconfirmation and and identificationidentification of of 
unknownunknown compoundcompound

UsedUsed in in severalseveral domainsdomains

PharmaceuticalPharmaceutical industryindustry
ToxicologyToxicology
……



CalibrationCalibration forfor accurate accurate massmass

Hardware Hardware calibrationcalibration

LteffLteff valuevalue: : FlightFlight tube tube lengthlength

Software Software calibrationcalibration: : adjustadjust the the axesaxes

‘‘onon--lineline’ ’ calibrationcalibration ((lockmasslockmass correctioncorrection)  = )  = toto
adjustadjust driftsdrifts byby e.g. e.g. temperaturetemperature fluctuationsfluctuations
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ClassicalClassical approachapproach ––
MS/MS/MSMS--ModeMode (1)(1)
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ClassicalClassical approachapproach ––
MS/MS/MSMS--ModeMode (1)(1)

X: Unknown compound
C: Mass calibrator

MSX
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Intensity [M+H]+x

↓ → accuracy ↓

↑ → # fragments ↓



ClassicalClassical approachapproach ––
MS/MS/MSMS--ModeMode (2)(2)

X: X: UnknownUnknown compoundcompound
C: C: MassMass calibratorcalibrator
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ClassicalClassical approachapproach ––
MS/MS/MSMS--ModeMode (2)(2)

X: Unknown compound
C: Mass calibrator
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Intensity ~ accuracy : higher

Use of calculated mass



EquipmentEquipment –– MS (1)MS (1)

FourierFourier TransformTransform
High High resolutionresolution
MassMass errorserrors belowbelow 1mDa1mDa
NotNot availableavailable forfor everyoneeveryone

AlternativeAlternative equipmentequipment
Sector instrumentSector instrument
QQ--TOFTOF

Multisprayer equipment (Lockmass!)



EquipmentEquipment –– Spray (2)Spray (2)
AnAn electrosprayelectrospray dualdual sprayersprayer

Pro’sPro’s
Separate Separate acquisitionacquisition channelschannels
No No suppressionsuppression of of ionizationionization
No clustering of the No clustering of the analyteanalyte and and referencereference

ConCon’s’s
TooToo expensiveexpensive ifif notnot the the mainmain applicationapplication
NotNot availableavailable forfor allall existingexisting instrumentsinstruments
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ObjectiveObjective

AlternativeAlternative approachapproach

11--step accurate step accurate massmass MS/MSMS/MS
CombinationCombination of separate of separate acquisitionacquisition channelschannels

DualDual sprayspray
traditional traditional sourcesource



OutlineOutline
IntroductionIntroduction

Accurate mass measurementAccurate mass measurement
Classical methodsClassical methods
EquipmentEquipment

ObjectiveObjective

StudyStudy

SetSet--upup
ExperimentalExperimental

ResultsResults

ConclusionConclusion



SetSet--up (1)up (1)

X X ++ CC

MS/MSMS/MS
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High CEHigh CE
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OnOn--lineline calibrationcalibration
ElemElem. . CompComp.
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X: X: UnknownUnknown compoundcompound
C: C: MassMass calibratorcalibrator
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SetSet--up (2)up (2)

CriticalCritical pointspoints

CombiningCombining the datathe data
ContinuousContinuous fastfast switchingswitching betweenbetween precursor precursor 
ionsions ~ ~ stabilitystability

EvaluationEvaluation !!



ExperimentalExperimental (1)(1)

10 10 compoundscompounds –– 10 10 massmass calibratorscalibrators
m/z 150m/z 150--800800
m/z [M+H]m/z [M+H]++

xx ~ m/z [M+H]~ m/z [M+H]++
CC **

Accurate Accurate massmass limitslimits
m/z m/z valuesvalues <200 : a <200 : a massmass tolerancetolerance of 3 of 3 mDamDa
m/z m/z valuesvalues >200 : a >200 : a massmass tolerancetolerance of 10 of 10 ppmppm

* * JiangJiang L, L, MoiniMoini M. M. AnalAnal. . ChemChem. 2000; 72, 20. 2000; 72, 20--2424



ExperimentalExperimental (2)(2)

QQ--TOFTOF ((ESIESI+) +) -- MassLynxMassLynx 3.53.5
OptimizedOptimized forfor eacheach individualindividual compoundcompound

ESI ESI capillarycapillary voltage: 2000voltage: 2000--3000 V3000 V
ConeCone Voltage: 14Voltage: 14--34 V34 V
CollisionCollision energyenergy: 11: 11--40 40 eVeV

PreparationPreparation of the samples: of the samples: MeOHMeOH/H/H22O O 
(50/50)(50/50)
ConcentrationConcentration ~ ~ avoidavoid detector detector saturationsaturation
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ResultsResults (1)(1)

Mix Coc 2.5ng/ul + BE 10ng , LockM BE, brede cal

60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400
m/z0

100

%

0

100

%

021021-be-mix2 25 (1.060) Cm (25:51) 2: TOF MSMS 290.10ES+ 
1.59e3290.1270

291.1330

021021-be-mix2 28 (1.158) Cm (27:52) 1: TOF MSMS 304.10ES+ 
1.20e4182.1045

82.0692 150.0857105.0387 304.1427183.1090

nonenoneCCBEBEFunctionFunction 22

2020XXCocaineCocaineFunctionFunction 11

CE (CE (eVeV))TypeTypeCompoundCompound



ResultsResults (2)(2)
LockLock massmass correctioncorrection usingusing [M+H][M+H]++ ion of the ion of the 
massmass calibratorcalibrator ((BenzoylecgonineBenzoylecgonine))

C (BE)



ElementalElemental compositioncomposition reportreport
massmass 304.1551304.1551

Single Mass Analysis  
Tolerance = 200.0 mDa   /   DBE: min = -0.5, max = 50.0 
 
Monoisotopic Mass, Odd and Even Electron Ions 
172 formula(e) evaluated with 159 results within limits (up to 50 closest results for each 
mass) 
Minimum:                                        -0.5 
 
Maximum:                    200.0     5.0       50.0 
Mass        Calc. Mass      mDa       PPM       DBE       Formula 
304.1551    304.1549         0.2           0.7         7.5        C17  H22  N  O4  
             304.1562        -1.1         -3.7      12.5      C18  H18  N5  
             304.1535         1.6           5.1         8.0      C15  H20  N4  O3  
             304.1576        -2.5         -8.1      12.0      C20  H20  N2  O  
             304.1522         2.9          9.5         3.0      C14  H24  O7  
             304.1509         4.2        13.9        3.5       C12  H22  N3  O6  
             304.1621        -7.0      -23.0       3.5       C11  H22  N5  O5  
             304.1468         8.3        27.2       -0.5      C7  H22  N5  O8  
             304.1634        -8.3       -27.4       3.0      C13  H24  N2  O6  



Fragment Fragment ionsions of of cocainecocaine



ElementalElemental compositioncomposition reportreport
of the fragment of the fragment ionsions

Monoisotopic Mass, Odd and Even Electron Ions 
109 formula(e) evaluated with 83 results within limits (up to 50 closest results for each mass)
Minimum:                                        -0.5 
Maximum:                    200.0     5.0       50.0 
Mass        Calc. Mass      mDa       PPM       DBE       Formula 
182.1164    182.1181          -1.7        -9.4      3.5        C10  H16  N  O2  
             182.1141          2.3        12.7      -0.5       C5  H16  N3O4  
             182.1096          6.8        37.6       8.0       C14  H14  
             182.1253          -8.9      -49.0     -0.5       C4  H16  N5  O3  
             182.1055         10.9       59.7       4.0       C9  H14  N2  O2  
__________________________________________________________________________ 
 
150.0918    150.0919          -0.1       -0.6      4.5        C9  H12  N  O  
             150.0905           1.3          8.4       5.0        C7  H10  N4  
             150.0892           2.6        17.3      0.0        C6  H14  O4  
             150.0879           3.9        26.2      0.5        C4  H12  N3  O3  
             150.0991          -7.3      -48.6     0.5        C3  H12  N5  O2  
___________________________________________________________________________
 
105.0367    105.0340            2.7         25.3      5.5        C7  H5  O  
             105.0327           4.0         38.1      6.0        C5  H3  N3  
             105.0413          -4.6        -43.3     1.5        C  H5  N4  O2  
             105.0426          -5.9       -56.1     1.0        C3  H7  N  O3  
            105.0300         6.7        63.6     1.5      C2  H5  N2  O3 



OverviewOverview of the of the obtainedobtained locklock massmass correctedcorrected accurate accurate 
massmass measurementsmeasurements

Compound Measured 
Mass 

Elemental 
Composition 

Calculated 
Mass 

Mass Error 
(ppm) 

Mass 
Error 
mDa 

Used Mass 
Calibrant 

Amphetamine 136.1127 C9H14N 136.1126a 0.6 0.1 Methamphetamine
 119.0852 C9H11 119.0861 -7.4 -0.9 150.1282 
 91.0526 C7H7 91.0548 -23.9 -2.2  
Methamphetamine 150.1286 C10H16N 150.1283 a 2.2 0.3 Amphetamine 
 119.0851 C9H11 119.0861 -8.2 -1 136.1127 
 91.0530 C7H7 91.0548 -19.5 -1.8  
Benzoylecgonine 290.1395 C16H20NO4 290.1392 a 0.9 0.3 Cocaine 
 168.1032 C9H14NO2 168.1025 12.4 2.1 304.1549 
 150.0939 C9H12NO 150.0919 13.4 2.0  
 105.0359 C7H5O 105.0340 17.7 1.9  
Cocaine 304.1551 C17H22NO4 304.1549 a 0.7 0.2 Benzoylecgonine 
 182.1164 C10H16NO2 182.1181 -9.4 -1.7 290.1392 
 150.0918 C9H12NO 150.0919 -0.6 -0.1  
 105.0367 C7H5O 105.0340 25.3 2.7  
Tetracycline 445.1611 C22H25N2O8 445.1611 a 0.0 0.0 Flupentixol 
 428.1367 C22H22NO8 428.1345 5.0 2.2 435.1718 
 410.1215 C22H20NO7 410.1240 -6.0 -2.5  
Flupentixol 435.1707 C23H26F3N2OS 435.1718 a -2.5 -1.1 Tetracycline 
 390.1360 C21H21F3N2S 390.1378 -4.5 -1.8 445.1611 
 305.0583 C17H12F3S 305.0612 -9.4 -2.9  
Reserpine 609.2827 C33H41N2O9 609.2812 a 2.5 1.5 Aconitine 
 448.1996 C23H30NO8 448.1971 5.5 2.5 646.3227 
 195.0628 C10H11O4 195.0657 -15.0 -2.9  
Aconitine 646.3176 C34H48NO11 646.3227 a 0.3 0.2 Reserpine 
 586.2976 C32H44NO9 586.3016 -6.8 -4.0 609.2812 
 526.2683 C26H40NO10

b 526.2652 5.8 3.1  
 368.1717 C18H26NO7

b 368.1709 2.1 0.8  
 105.0358 C7H5O 105.0340 16.8 1.8  
Troleandomycin 814.4602 C41H68NO15 814.4589 a 1.6 1.3 Rifampicine 
 628.3654 C32H54NO11

b 628.3697 -6.8 -4.3 823.4129 
 200.1219 C14H16Ob 200.1201 8.9 1.8  
 116.1064 C6H14NOb 116.1075 -9.8 -1.1  
Rifampicin 823.4166 C43H59N4O12 823.4129 a -1.6 -1.3 Troleandomycine 
 791.3866 C42H55N4O11 791.3867 -0.2 -0.1 814.4589 
 399.1595 C26H23O4

b 399.1596 -0.3 -0.1  
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ConclusionConclusion
Accurate Accurate massmass measurementmeasurement in MS/MS modein MS/MS mode

Easy Easy approachapproach

ForFor anyany QQ--TOFTOF instrument (No instrument (No dualdual sprayersprayer
requiredrequired))

MeasuredMeasured valuesvalues comparedcompared withwith theoreticaltheoretical
valuesvalues fellfell withinwithin predefinedpredefined limitslimits

m/z m/z valuesvalues <200 a <200 a massmass tolerancetolerance of 3 of 3 mDamDa
m/z m/z valuesvalues >200 a >200 a massmass tolerancetolerance of 10 of 10 ppmppm


