
INVESTIGATING ISOTOPE RATIOS INVESTIGATING ISOTOPE RATIOS 
USING AN LTQUSING AN LTQ--ORBITRAP XLORBITRAP XL

IntroductionIntroduction
MassMass spectrometryspectrometry hashas traditionallytraditionally beenbeen usedused toto calculatecalculate isotopicisotopic ratiosratios byby measuringmeasuring theirtheir
relativerelative abundanceabundance toto thethe moleculemolecule ionion speciesspecies revealingrevealing thethe numbernumber ofof atomsatoms ofof aa particularparticular
elementelement withinwithin thethe elementalelemental formulaformula.. WithWith thethe riserise inin popularitypopularity ofof biomarkerbiomarker studiesstudies andand
requirementsrequirements ofof drugdrug--metabolitemetabolite screeningscreening inin thethe pharmaceuticalpharmaceutical industry,industry, thethe identificationidentification ofof
analytesanalytes withinwithin clinicalclinical samplessamples hashas becomebecome everever moremore importantimportant.. LC/MSLC/MS usingusing anan LTQLTQ--OrbitrapOrbitrap
hashas becomebecome popularpopular forfor routineroutine highhigh throughputthroughput analysisanalysis ofof clinicalclinical samplessamples withwith highhigh massmass
accuracyaccuracy generatinggenerating elementalelemental formulaeformulae informationinformation forfor analyteanalyte identificationidentification.. InvestigationsInvestigations ofof
isotopeisotope ratiosratios inin OrbitrapOrbitrap datadata havehave beenbeen reportedreported andand usedused toto limitlimit thethe numbernumber ofof possiblepossible
elementalelemental formulaeformulae forfor anan ionion.. PreviousPrevious workwork[[11]] hashas beenbeen limitedlimited toto datadata acquiredacquired inin selectedselected--ionion--
monitoringmonitoring (SIM)(SIM) modemode asas aa profileprofile signalsignal onlyonly forfor bothboth positivepositive andand negativenegative ionsions overover aa rangerange ofof
massmass resolutionresolution settingssettings.. ToTo fullyfully investigateinvestigate thethe isotopicisotopic accuracyaccuracy ofof thethe LTQLTQ--OrbitrapOrbitrap XLXL wewe
havehave carriedcarried outout aa comprehensivecomprehensive reviewreview ofof profileprofile andand centroidcentroid datadata acquiredacquired usingusing fullfull scanscan andand
SIMSIM modes,modes, atat highhigh andand lowlow resolutionresolution settingssettings forfor positivepositive andand negativenegative ionsions ofof varyingvarying isotopicisotopic
complexitiescomplexities andand massesmasses fromfrom m/zm/z 190190--15001500..
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ExperimentalExperimental
•• SelectedSelected samplessamples submittedsubmitted toto thethe EPSRCEPSRC NMSSCNMSSC werewere dissolveddissolved inin anan appropriateappropriate solventsolvent

andand diluteddiluted followingfollowing thethe instrumentinstrument analysisanalysis methodmethod availableavailable onlineonline[[22]]..

Figure 2: Figure 2: Centroid mode data, FullCentroid mode data, Full--msms scan, R=7,500.scan, R=7,500. Figure 3: Figure 3: Centroid mode data, SIMCentroid mode data, SIM--msms scan, R=7,500.scan, R=7,500.
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Plot of m/z vs. Isotope Pattern Accuracy and Isotope Score (%) 
(Centroid Data, Full-ms, R=7,500)
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Plot of m/z vs. Isotope Pattern Accuracy and Isotope Score (%)
(Centroid Data, SIM-ms, R=7,500)
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Plot of m/z vs. Isotope Pattern Accuracy and Isotope Score (%)
(Profile Data, Full-ms, R=7,500)
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ResultsResults
•• ForFor eacheach sample,sample, thethe theoreticaltheoretical isotopeisotope patternpattern waswas generatedgenerated inin bothboth profileprofile andand centroidcentroid

modesmodes atat resolutionsresolutions ((R)R) ofof 100100,,000000 andand 77,,500500 FWHMFWHM correspondingcorresponding toto thethe acquisitionacquisition
parametersparameters..

•• TheThe rawraw datadata waswas averagedaveraged overover thethe acquisitionacquisition rangerange andand thethe datadata waswas analysedanalysed manuallymanually byby
matchingmatching thethe observedobserved ionsions withwith thethe theoreticaltheoretical isotopeisotope patternpattern..

•• AA spreadspread sheetsheet waswas generatedgenerated toto holdhold allall thethe observedobserved ionsions overover thethe rangerange ofof interestinterest..
•• IonsIons ofof m/zm/z greatergreater thanthan 2020 ppmppm andand lessless thanthan 11%% relativerelative isotopeisotope abundanceabundance (within(within thethe

compoundscompounds isotopeisotope patternpattern)) fromfrom thethe theoreticaltheoretical isotopeisotope valuevalue wherewhere discardeddiscarded..
TableTable 11 showsshows thethe formulaeformulae ofof thethe observedobserved ions,ions, m/zm/z (of(of mostmost intenseintense ion),ion), ppmppm errorerror (of(of allall ionsions
inin isotopeisotope series)series) andand standardstandard deviationdeviation (n(n--11)) ofof ppmppm errorerror forfor thethe compoundscompounds studiedstudied..

andand diluteddiluted followingfollowing thethe instrumentinstrument analysisanalysis methodmethod availableavailable onlineonline[[22]]..
•• LTQLTQ--OrbitrapOrbitrap calibrationcalibration mixesmixes ((CalMixCalMix)) werewere preparedprepared asas perper thethe manufacturer’smanufacturer’s

instructionsinstructions[[33]] forfor bothboth positivepositive andand negativenegative modesmodes..
•• SamplesSamples werewere infusedinfused usingusing anan AdvionAdvion TriVersaTriVersa NanomateNanomate ((AdvionAdvion BioSciencesBioSciences IncInc..,, USA)USA)

intointo aa LTQLTQ OrbitrapOrbitrap XLXL (Thermo(Thermo FisherFisher ScientificScientific IncInc..,, USA)USA)..

Profile Centroid

Positive Mode R=100,000 R=7,500 R=100,000 R=7,500

Sample Observed Ion m/z Data Points Mean ppm SD(n-1) ppm Data Points Mean ppm SD(n-1) ppm Data Points Mean ppm SD(n-1) ppm Data Points Mean ppm SD(n-1) ppm
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A C23H19BrNO3 436.0543 5.0 -1.25 0.60 5.0 0.66 0.93 5.0 -1.22 0.66 5.0 0.75 0.88

B C40H28N6OIr 801.1948 5.3 -1.19 0.74 5.7 -1.19 0.90 5.3 -1.19 0.77 5.7 0.64 1.04

C C15H15OSSe 323.0003 11.7 0.69 1.35 9.0 1.75 1.17 12.0 0.29 2.02 9.0 3.01 1.08

D C8H12BN2O2S 211.0707 5.0 -0.41 2.27 4.7 -1.16 5.46 4.3 -0.28 2.28 4.0 -0.57 5.62

E C8H11N4O2 195.0877 3.0 -0.96 0.40 2.0 4.42 4.67 3.0 -1.53 0.63 2.0 5.44 4.67

F C23H38N7O5S 524.2650 5.0 -1.23 0.40 4.0 -1.14 1.16 5.0 -1.71 0.47 4.0 0.21 1.25

G C22H19O6N3P3F32 1121.9970 3.0 0.07 0.58 3.0 -0.32 1.67 3.0 -0.44 0.72 3.0 2.03 6.31

H C28H19O6N3P3F44 1421.9779 3.0 -0.95 0.49 3.0 -0.16 0.69 3.0 -1.45 0.63 3.0 4.37 9.86

Figure 8: Figure 8: Profile mode data, FullProfile mode data, Full--msms scan, R=100,000scan, R=100,000.. Figure 9: Figure 9: Profile mode data, SIMProfile mode data, SIM--msms scan, R=100,000.scan, R=100,000.

Figure 6: Figure 6: Centroid mode data, FullCentroid mode data, Full--msms scan, R=100,000scan, R=100,000.. Figure 7: Figure 7: Centroid mode data, SIMCentroid mode data, SIM--msms scan, R=100,000.scan, R=100,000.

Figure 4: Figure 4: Profile mode data, FullProfile mode data, Full--msms scan, R=7,500.scan, R=7,500. Figure 5: Figure 5: Profile mode data, SIMProfile mode data, SIM--msms scan, R=7,500.scan, R=7,500.

Figure 1:  Experimental outline of acquisition parameters.

•• AcquisitionsAcquisitions werewere performedperformed
inin bothboth aa ““FullFull--msms”” analysisanalysis
overover aa massmass rangerange m/zm/z 120120 ––
20002000 DaDa andand aa ““SIMSIM--msms””
analysisanalysis overover thethe massmass rangerange
basebase--peakpeak ±±1313 DaDa usingusing thethe
runrun methodmethod shownshown inin figurefigure 11..

•• Each sample was repeated in Each sample was repeated in 
triplicate.triplicate.

•• TheThe plotsplots shownshown inin figuresfigures 22--99 showshow thethe IPAIPA acrossacross thethe massmass rangerange
forfor bothboth positivepositive andand negativenegative datadata..

•• FiguresFigures 22--99 alsoalso showshow anan IsotopeIsotope ScoreScore basedbased uponupon thethe relationshiprelationship
betweenbetween thethe ionsions ofof thethe samesame m/zm/z ofof thethe observedobserved datadata withwith thethe
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Plot of m/z vs. Isotope Pattern Accuracy and Isotope Score (%) 
(Centroid Data, Full-ms, R=100,000)
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Profile Centroid

Negative Mode R=100,000 R=7,500 R=100,000 R=7,500

Sample Observed Ion m/z Data Points Mean ppm SD(n-1) ppm Data Points Mean ppm SD(n-1) ppm Data Points Mean ppm SD(n-1) ppm Data Points Mean ppm SD(n-1) ppm

F
u
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m

s 
M

e
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o
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I C12H25O4S 265.1479 4.0 -1.78 0.78 3.0 -6.22 10.10 4.0 -2.00 0.66 3.0 -6.01 10.34

J C26H44O7NS 514.2844 4.0 -1.30 0.43 3.0 -1.30 0.34 4.0 -1.30 0.33 3.0 1.38 0.34

K C22H21O8N3P3F28 1080.0100 6.3 -3.49 0.70 3.0 1.61 1.61 3.0 -3.73 0.55 3.0 2.39 3.20

L C26H21O8N3P3F36 1479.9844 3.0 -2.99 0.53 3.0 -1.04 0.40 3.0 -3.34 0.41 3.0 -0.28 0.72

M C5H7NO2Br 191.9666 4.0 -0.90 1.54 4.0 2.20 1.83 4.0 -1.37 1.39 4.0 2.59 2.04

N C15H15N5O8PS 456.0384 3.7 -0.86 1.11 3.0 1.75 1.94 3.7 -1.31 0.95 3.3 1.40 2.55

O C27H27BFeN 432.1592 6.3 -1.05 5.62 6.0 -1.96 2.21 6.7 -1.86 5.61 6.0 -2.40 2.56

P C17H26IN2O16P2 702.9808 3.0 -6.12 0.66 3.0 -2.78 0.66 3.0 -6.19 1.07 3.0 -2.94 0.38

S
IM

-m
s 

M
e

th
o

d I C12H25O4S 265.1479 3.0 1.00 0.80 3.0 -5.18 10.15 3.0 0.80 0.81 3.0 -4.89 10.09

J C26H44O7NS 514.2844 4.0 -0.12 1.38 4.0 -0.01 2.10 4.0 -0.14 1.36 4.0 0.05 2.03

K C22H21O8N3P3F28 1080.0100 3.0 -2.02 0.54 3.0 0.32 1.58 3.0 -2.26 0.52 3.0 0.30 1.56

L C26H21O8N3P3F36 1479.9844 3.0 -1.28 0.69 3.0 0.81 0.66 3.3 -1.87 0.80 3.0 0.99 0.57

M C5H7NO2Br 191.9666 4.0 -0.94 1.39 4.0 0.48 2.13 4.0 -1.07 1.38 4.0 0.39 2.13

N C15H15N5O8PS 456.0384 4.0 -0.11 1.09 3.0 -0.09 1.96 3.7 0.04 0.98 3.3 -1.14 4.85

O C27H27BFeN 432.1592 7.0 2.82 4.83 6.0 1.43 1.29 7.0 0.80 1.97 6.0 1.57 1.36

P C17H26IN2O16P2 702.9808 3.0 -1.55 0.57 3.0 -1.56 1.32 3.0 -0.47 0.59 3.0 -1.61 1.35

F
u

ll

H C28H19O6N3P3F44 1421.9779 3.0 -0.95 0.49 3.0 -0.16 0.69 3.0 -1.45 0.63 3.0 4.37 9.86
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o

d A C23H19BrNO3 436.0543 5.0 -1.22 0.58 5.0 -1.32 1.04 5.0 -1.46 0.62 5.0 -1.34 1.01

B C40H28N6OIr 801.1948 5.0 -0.71 0.52 6.0 1.85 4.44 5.0 -0.70 0.62 6.0 1.91 4.46

C C15H15OSSe 323.0003 11.0 0.13 1.83 9.0 -0.75 1.80 11.3 -0.16 2.11 9.0 -0.22 1.62

D C8H12BN2O2S 211.0707 5.0 -0.66 1.92 4.7 -2.50 5.84 4.3 -0.88 2.01 4.0 -2.50 5.84

E C8H11N4O2 195.0877 3.0 -2.04 0.67 2.0 2.80 4.39 3.0 -2.27 0.63 2.0 2.46 4.38

F C23H38N7O5S 524.2650 4.7 -1.64 0.49 4.0 -3.88 2.29 4.3 -2.27 0.32 4.0 -3.94 2.41

G C22H19O6N3P3F32 1121.9970 3.0 -0.84 0.36 3.0 -2.69 2.40 3.3 -1.58 0.72 3.0 -2.88 2.41

H C28H19O6N3P3F44 1421.9779 3.0 -1.08 0.75 2.0 -2.70 1.44 3.0 -1.70 0.57 3.0 -2.65 1.17

Table 1: Table 1: List of formulae of ions observed, m/z, average number of data points (ions) per pattern, mean ppm error of ions measured in List of formulae of ions observed, m/z, average number of data points (ions) per pattern, mean ppm error of ions measured in isoisotope pattern and standard deviation of tope pattern and standard deviation of 
ppm ppm error for the triplicate experiments.error for the triplicate experiments.

•• PreviousPrevious workwork[[11]] usedused compoundscompounds comprisingcomprising ofof CHNO,CHNO, CHNOSCHNOS andand CHNOPSCHNOPS;; thethe mostmost
complexcomplex atomatom isis SS withwith 44 isotopesisotopes..

•• SamplesSamples werewere chosenchosen withwith aa varietyvariety ofof elementselements toto provideprovide moremore complexcomplex isotopeisotope patternspatterns
(Sample(Sample CC hashas 3030 isotopesisotopes atat R=R=100100,,000000 andand 1616 isotopesisotopes atat R=R=77,,500500)).. CalMixCalMix waswas chosenchosen toto
provideprovide intraintra--analysisanalysis isotopeisotope informationinformation forfor bothboth positivepositive andand negativenegative ionisationionisation modesmodes.. ForFor
eacheach isotopeisotope seriesseries thethe relationshipsrelationships,, IsotopeIsotope ProfileProfile AccuracyAccuracy (IPA)(IPA) andand IsotopeIsotope ProfileProfile ErrorError
(IPE),(IPE), werewere defineddefined asas

IsotopeIsotope ProfileProfile IsotopeIsotope ProfileProfile
AccuracyAccuracy ((%%)) ErrorError ((%%))
EquationEquation 11 EquationEquation 22

wherewhere xxii== observedobserved ionion intensity,intensity, xxaa== theoreticaltheoretical ionion intensityintensity andand xxaa100100%% == intensityintensity ofof thethe principalprincipal
ionion[[44]] inin thethe theoreticaltheoretical isotopeisotope patternpattern..

betweenbetween thethe ionsions ofof thethe samesame m/zm/z ofof thethe observedobserved datadata withwith thethe
correspondingcorresponding ionsions inin thethe theoreticaltheoretical isotope,isotope, calculatedcalculated byby

IsotopeIsotope ScoreScore EquationEquation 33

ConclusionsConclusions
•• Generally,Generally, therethere isis aa trendtrend thatthat thethe IPAIPA isis closercloser toto 100100%% andand thethe IPEIPE

isis closercloser toto 00%% withwith lowerlower m/zm/z inin allall acquisitionacquisition typestypes..
•• MoreMore complexcomplex elementselements scoredscored lower,lower, especiallyespecially atat R=R=77,,500500..
•• HigherHigher resolutionresolution allowsallows forfor moremore ionsions toto bebe separated,separated, improvingimproving

thethe IPA,IPA, especiallyespecially forfor complexcomplex elementselements.. ProfileProfile modemode datadata showsshows
betterbetter resultsresults thanthan CentroidCentroid modemode datadata..

•• TheThe IsotopeIsotope ScoreScore showsshows thatthat thethe variationvariation betweenbetween thethe observedobserved
isotopeisotope intensityintensity andand thethe theoreticaltheoretical isotopeisotope intensity,intensity, isis lessless usingusing
SIMSIM scanningscanning..

•• WhilstWhilst thethe IPAIPA andand IPEIPE givegive aa measuremeasure ofof thethe isotopeisotope profileprofile asas aa
whole,whole, thethe IsotopeIsotope ScoreScore indicatesindicates thethe variationvariation betweenbetween thethe
observedobserved andand thethe theoreticaltheoretical isotopesisotopes..

•• Background,Background, “instrument“instrument noisenoise”” andand FTFT effectseffects maymay havehave aa
contributingcontributing factorfactor toto thethe isotopes,isotopes, especiallyespecially forfor lowerlower intensityintensity
ionsions..
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