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2. Product Ion Scanning

by Q3. The monoisotopic protonat-
ed molecular fon
by Q1 with a peak width of 0.7 Da

FWHM. Most of the MH ions were

S

(MH") was

in Q2 by collisional activa-
tion using argon gas at 0.8 miTorr. The
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Determining Ion Comppositions Using An' Accurate' Mass)

ber
abundances of the isotopic profiles heavier by 1 and 2 Da (+1 and +2 profiles) that arise from the.
presence of atoms of higher isotopes such as °C, 1°N, %0, %0, ¥, and ¥ provide the means for

rejecting all ions Dal

scan MS/MS with a Q3 peak width of
07 Da. Fragment ions for further
investigati lected from

error limils.

e ey

y comp
gy, lon
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EXPERIMENTAL

‘A Thermo Finnigan TSQ Quantum Ultra AM™ accurate mass
i was used with. ion-
ct masses and relative

for several

as
10-uL injections of a 1:1
‘methanol:water solution
containing 1% acetic acid
and 10 ng/uL of a single
analyte. The injecti

peaks were 24 s wide.
The schematic diagram of
the quadrupoles provided
on the instrument's data
system is shown in
Figure 1. Several scan-
ning methods were used.

3 Ssmen

Figure 1. Diagram of the accurate mass triple
quadrupole mass spectrometer from its data
system.

1. Selected Ton Monitoring by Q1. For this instrul 1
ment, selected ion monitoring is a full scan over a narrow mass win-
dow, rather than monitoring of a single m/ ratio atop a mass peak
profile. The mass resolution for the first quadrupole was set to 0.1 Da
full width at half maximum and mass ranges of 03 Da were
scanned for the protonated molecular ion and its +1 and +2 profiles.
Polyethylene glycol (PEG) ions were used for external mass calibral
tion. Absent mass interferences, accurate mass averages for three con' |
secutive injections were accurate to within 5 mmu for the monoisol”
topic ion and to within 10 mmu for the +1 and +2 profiles. For +1 and
+2 profile relative abundances greater than 1%, single injection values
‘were almost always accurate to within 10% and usually accurate to
within 5% of their calculated values. An error limit of £0.1% about
‘measured relative abundances of less than 1% is used in the lon
Correlation Program described later to permit a proportionally larger
error for very low ion abundances.

scans. Three examples of MS/MS
spectra are shown in Figure 2.

Figure 2. Product lon spectra for (a)
tris(chloroethylphosphate, (b) n-butyl

by full

Figure 4. Total ion chromatograms for
nine fragment ions from Accent®. The
profile mode for the first injection provid-
ed the mass peak profiles in green, blue,
and yellow. The centroid mode was
used for the remaining seven injections.

4. Selected reaction monitoring
for fragment ion relative abun'
dances. The Ql peak width was 10 Da FWHM
to ensure all MH" ions including those that contain
atoms of higher isotopes entered Q2 to be frag/ |
‘mented. The mass of the M+1 profile was the cen |
ter mass. The Q3 peak width was 05 Da and each
fragment ion was scanned over a 1 Da mass range.

el T2

benzene sulfonamide, and (c) Accent”.

3. Sel

7

ing for

ion masses. isotopic proto-

nated molecular ions were selected by Q1 and fragmented by collision in Q2 to provide monoisotopic frag-
ment ions for mass analysis in Q3. The Q1 peak width was 0.7 Da and the Q3 mass resolution was set to
0.1 Da FWHM. The mass range monitored for each fragment ion was 0.8 Da. External mass calibration

against the six ions from

in Figure 2a was . The exact masses of the

analyt

were.

ibrant ions. The

d for the linearly

‘mass error between the two adjacent cal-
or to PEG for i

fons with adequate abundance over the working mass range. In Figure 3c-h, six fragment ions were moni-
tored for each injection. The exact mass obtained from each injection peak was the average from the scans.
across 16 s of the peak maximum. Exact mass averages for three consecutive injections were usually accu-
rate to within 10 mmu, and almost always accurate to within 20 mmu.

wa
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Figure 3. (a) total fon chromatog

ions, (c-h) selected

ram (TIC) for six calibrant
itoring ion

fons using the profile mode, (b) TIC for one of the calibrant
for six fragment ions from Accent®.

i k)

RIC peak areas were usually accurate to within 5%
of a calculated value, and almost always accurate to
‘within 10% for single injections.

Quality assurance

The profile mode was used at the start of each data acquisition to check the mass peak profile shapes, to verify that the entire profiles
were included in the scanning range, and to check that no portions of adjacent profiles were scanned. Mass peak profiles for nine fragment
ions are shown in Figure 4. The centroid mode was used to determine exact masses and relative abundances.

REsuLTS AND DIScussIoON

Discriminating power of exact masses
and relative abundances

Table 1. Possible compositions for a protonated molecular ion based on exact
masses of the monoisotopic, +1 and +2 profiles or the relative abundances of the
+1.and +2 profiles. Elements considered: CHN O P S

Mass Defecls
# Composon 214 1

Relative Abundances
Compositon %1,

Exact masses (summed atomic masses) and relative abun-
dances (summed isotopic abundances) provide orthogonal dis-
crimination among possible compositions. Table 1 contains two
lists of possible compositions calculated for the protonated
molecular fon from one of the compounds studied. The first list
results from the measured exact masses of the monoisotopic, +1,
and +2 profiles, while the second list derives from the measured
relative abundances of the +1 and +2 profiles. Both lists contain
more than 20 possible compositions, but only the two in bold
print appear in both lists.

Hio Nyg 04
C uNaPy

. cm0s
2 CHaN0ys
3 HC oNu CaHuN2 08
4 {CzHz N7 05 CyHigN; OS.
5  CiHisNsPS CaN;O; 8

6 CiHigNsOP; CaHigNeS

7 CiHuNgOsS CaHzN,OS
8 CiHigN; Sy CaHiNs S

9 CiHgNy O

10 CiHiNsOPS
1 CsHigN; O P,
12 CsHigN; 04 S CHNOPS
13 CsHisN,OS; 08846 CipHigNO; S
14 CaHigN 0P S 9 CiNOsS

15 CoHiN; S CioHsN:PS
16 C7H0 03P, CioHiaN,OS
17 C7Hip0sS CioHz Nz 0§
18 CrHnNO;S; CioHO N S
19 CrHisNsOP CioHiN; O'S
% GiHuNoS CutuPs oy 4
21 CyHisNz 0P CiH;OPS 4 158,0296. 807 533 89
22 CiuHiNO:S CnHiw0;S
23 CyHiSz CnH 058
% Cumars

3 CukaN.©

PRRSTS

Eprena Ve

Erortiis:

CioHisOPS
CioHua 058

Table 2 lists the numbers of possible compositions for the
CioHyNPS

three fragment ions in Figure 2b from the same compound. Only
the monoisotopic masses were measured and an error limit of 20
mmu was assumed.

Table 2. Possible compositions for fragment ions from m/z 214.

Possible compositons based on:
Measied Mass  Measured %1 Messued %2  ExaciMass Relive  Boh

1 1
3 2
3 1

Interference 15
513 7

gain, only one or two compositions remained possible when
exact masses and relative abundances were both considered.

- \ . e

IoN CORRELATION PROGRAM

‘The number of possible compositions for the protonated
‘molecular ion and its fragment ions can be reduced by
rejecting:

(1) protonated molecular ions that cannot produce at least
one possible fragment ion or neutral loss for each frag/|
‘ment ion or neutral loss exact mass,

(2) fragment ions and neutral losses that cannot be pro-
duced from the remaining possible protonated molecul
lar ions,

(3) neutral losses for which there is no corresponding frag/ !
‘ment ion, and

(4) fragment ions for which there is no corresponding neu!!
tral loss.

The ion correlation program written in QuickBASIC 4.5”
ines the ibl itions for the

pos
‘molecular ion, each fragment ion, and each neutral loss and
then applies criteria 1 through 4. In Figure 5 are displayed
the inputs and outputs for this compound. The numbers in
parentheses are ranges of rings and double bonds.

The unique compositions of these fragment ions and
neutral losses reveal structural details of the molecule as
shown in Figure 2b. The composition of the m/z 77 frag-
ment ion corresponds to a benzene ring. The composition of
the m/z 141 ion indicates addition of an SO, group to the
ring, and the m/z 158 ion's composition suggests NH; is
attached to the SO, group. The neutral loss corresponding
to this fon, C;Hg, suggests one or two alkyl groups are
attached to the N atom.

SciFinder® in lieu of a mass spectral library

No commercial library of electrospray ionization mass spectra is
available. To compensate, SciFinder®, an on-line service from the
American Chemical Society, was used to provide the known struc-
tures fora molecular formula and the number of literature refer-
ences available for each structure.

Example I

Shown in Figure 6a are the three structures consistent with
those determined from the compositions of the fragment ions and
neutral losses. More references exist for the first structure than for
the other two. This compound, n-butyl benzene sulfonamide, is the
only one available in the Aldrich chemical catalog with the correct
‘molecular formula that contains an SO group. It was purchased for
earlier work and was used as a simulated unknown in this study.

Commond Pronpt-ab.

Louss

Figure 5. The input and output screens for the lon Correlation Program.

Example IT

‘The product ion spectrum in Figure 2c con-
tains six fragment ions from the protonated
molecular fon at m/z 411. The exact masses and
relative abundances measured for the MH" and
fragment ions including those from Figures 3
and 4 were entered into the ion correlation prol!
gram. Multiple compositions remained for most
ions and neutral losses, including two for the
protonated molecular ion: C;sHoNGOS” (95
12.5) and C;;HyN;O,5" (9.0 13.0).

SciFinder® provided 44 structures for
CysHisN6OS, and 55 for Cy7HN;0;S. Only for
the two structures in Figure 6b were more than 4
references listed. A large number of references
implies possible commercial importance of a
compound and potential presence in environ-
‘mental extracts. For the first structure, the blue
lines indicate bond breakages that would pro-
duce fragment ions with compositions amor
the list of possibilities for the m/z 213, 182, and
139 ions. Breaking these bonds in the second
structure provides ions with different masses. If
this compound were an only Accent®

A ot Camsmrs ey G

Figure 6. (a) SciFinder® outputs (gray background) for three structures of
C1gH15NO,S similar to the structures for the protonated molecular ion in
Figure 2b and (b) the only two structures for C1sHgNeOgS, and
C17H24N30;S with more than 4 references.  SciFinder output is used with the.
permission of CAS, a division of the American Chemical Society.

would be purchased in hope of confirming its
tentative i il ion by ive LC/MS.

CONCLUSIONS

‘These preliminary results, obtained during the first month of research
using the Thermo Finnigan TSQ Quantum Ultra AM™ accurate mass triple
quadrupole mass spectrometer, allow for the following conclusions:

®  Relative abundances of the +1 and +2 isotopic profiles for both the pro
tonated molecular ion measured with Q1 and fragment ions measured
with Q3 are almost always accurate to within 10% for a single determi-
nation.

Relative abundances of this accuracy provide a powerful means
to exact mass, for distinguishing among pos
sible molecular and fragment ion compositions.

Average exact masses from triplicate determinations measured by Q1
for monoisotopic MH" ions were almost always accurate to within 5
‘mmu. (This result is consistent with the instrument's specifications.)

Average exact masses from triplicate determinations measured by
Selected Reaction Monitoring were almost always accurate to within
20 mmu. (This error limit can probably be reduced with more experi
ence)

‘The ability to simultaneously obtain exact masses for six monoisotopic
ions or three pairs of relative abundances for fragment ions reduces
the number of experiments needed to determine the compositions of
the predominant ions in an ion product spectrum relative to using a
double focusing mass spectrometer.
An Ton Correlation Program reduces the possible compositions for the
MH" ion, fragment ions, and the corresponding neutral losses.
Remaining molecular compositions can then be searched in the
SciFinder® data base, which substitutes for mass spectral libraries by
providing one or more structures that have been frequently described
in the chemical literature.

for of
products and byp: may

Most of these
tentative identifi
not be available.

should be
= 3

We anticipate that this accurate mass and accurate relative abundance
triple quadrupole mass spectrometer can be a valuable tool for identi
fying compounds in environmental extracts that do not provide gas
chromatographic peaks or molecular ions in GC/MS spectra.
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