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Certainty in Small Molecule Identification
by Applying SmartFormula 3D on a

UHR-TOF Mass Spectrometer

Break through the limitations of formula elucida-
tion with new dimensions of accurate mass data

Introduction

Characterization of compounds is daily work in all
laboratories working with products from synthetic
chemistry, combinatorial libraries or targeted structural
modifications in medicinal chemistry. Electrospray ionization
time-of-flight (ESI-TOF) mass spectrometry has become an
integral part of this process to determine accurate masses
of the compounds. Finding the correct molecular formula

of an unknown compound requires more information than
mass accuracy alone. The number of possible molecular
formulae increases exponentially with increasing m/z values,
even when using small mass error tolerances of <2 ppm,
defining the minimum carbon content, and using normal
chemical rules for C/H ratios. [1] The presence of additional
elements, beyond C,H,N,O, further adds to the formulae
list.

How SmartFormula works

The number of candidate formulae is greatly reduced if
the isotopic pattern is used as an additional, orthogonal
criterion. The theoretical isotopic pattern of each potential

accurate mass formula is compared with the experimental
determined pattern using the SmartFormula algorithm,
which examines the isotopic ratios and spacing of the
complete isotopic pattern. The result is a short list of
consistent formulae ranked in order of the fit. True isotopic
pattern information over a wide dynamic range with fast
spectral acquisition, together with accurate mass, are
absolute necessities for this concept to work reliably. Bruker
ESI-TOF mass spectrometers are superbly designed to
meet these requirements.
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Fig. 1: SmartFormula 3D funnel



Real world example using mass accuracy only

X Meas. méz| # Fomula mfz em[ppm] rdb W-Rule & Conf mSigma
734.4683 1/ C34HEBON1107 | 7344672 1.6 105 ok even | B.51
734.4683 2 CIFHEENO13 734.4685 03] 45 ok even | 819
734.4683 3/ C3IBHBEN1503 | 7344685 02| 1585 ok even | 18.68
734.4683 4 C3IH18IM 203 | 734.4693 1.3 -535 ok, even | 23.88
734.4683 5 C24H185MN 1404 | 734 4658 20| -605 ok even | 47.49
734.4683 E C26H197014 734.4698 20/ -71.5 ok even | 49.24
734.4683 7IC23IH189MN 1008 | 734 4684 01/ -655 ok even | 5247
734.4683 8 C20HB2N 2704 | 7344650 09| 85 ok even | 53.31
734.4683 9 C22HE4N 13014 | 7344650 09| -25 ok even | 54.81
7344683 (10 C22H193M 6012 | 734.4671 1.7 | -705 ok even | 61.52
7344683 11 C20H181M 2002 | 734.4671 -1.7]-595 ok even | 61.79
7344683 |12 C2AHEEN 018 | 7344677 09 75 ok even | 65.90
7344683 |13 C19HBEM 2308 | 734 4677 09 35 ok even | 67.10
7344683 |14 | CHOHEON 302 734.4680 04| 225 ok even | 82,59
7344683 |15 | C10H197M 8019 | ¥34 4650 08| -835 ok even | 120.69
7344683 |16 CHEH48N3905 734.4695 16| 15 ok even | 12278
7344683 (17  CHH72ZN11025 | 7344655 16| -205 ok even | 125.51
7344683 |18 | CHEHIFPM 3203 | 7344676 1.0 | -BE.5 ok even | 130.04
7344683 (19 CHH185M 22089 | 734.4689 08| -725 ok even | 130.75
7344683 |20 CHH201M 4023 | 7344676 1.0 -885 ok even | 131.79
7344683 |21 | CYHEOMN25015 | 7344655 16| 45 ok even | 132.89
7344683 |22 C4HABZN3509 734.4682 02 35 ok even | 135.80
7344683 |23 CAH7ENTO29 734.4682 02 1-285 ok even | 137.02
7344603 |24 | C7H189M 18013 | 7344676 1.0 -F7.5 ok even | 140.74

734.4682 0.2]-145 ok even | 145.83
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Four candidates left using SmartFormula

X # Meas. m’z| Fomula m'z | e [ppm] | M-Rule
1 F344683  CHMHEONITOV | 7344672 1.6 ok,
2 F3AER3 CIFHEEINOT3 V34,4685 03 ok,
% 3 F3AER3 CIHHBENIG0 3 | 7344685 nz ok,
g 4 | V344683 CROHBON 302 | 7344680 -0.4 ok,
=

Now, an extra dimension of information:
SmartFormula 3D

For larger molecules, or those with many elements, a
unigue formula may not be possible within the mass
spectral dimension. Adding MS/MS fragment information
brings a whole new dimension of information into play

(Fig. 1). Candidate formulae for fragment ions are used as
small subunits of the parent ion. SmartFormula 3D iterates
through the possible formulae that could be formed from
these subunit candidates. As with SmartFormula, user
input includes additional elements (or C,H,N,O by default),
optional upper and lower limits for elements, number of
rings and double bonds, C/H ratios, and whether to allow
odd-electron fragment ions. Many potential formulae
derived from the parent ion alone are eliminated, to leave
only the candidate formulae that fit to the SmartFormula
results for both the parent and matched fragment ions. The
formulae for these ions, together with neutral losses, are
displayed for review. SmartFormula 3D considers either

all detected fragment ions, or only user selected ions, and
candidates may be filtered to show only those with required
neutral losses.

Fig. 2: A2 ppm window without
additional filtering gives a list of
25 candidates.

Fig. 3: After applying chemical
rules 4 hits remainina 2 ppm
tolerance window.

High mass formula determination

For compounds at higher mass, many hundreds of
formulae are consistent with a mass accuracy of even 1
ppm or less. Even with prior knowledge of the compound,
so that elemental formulae limits and chemistry rules

may be applied, there are still many possible candidates.

A confident determination of a compound such as
erythromycin at m/z 734 (Fig. 2) is not possible. In fact,
the SmartFormula pattern fitting gives the correct formula
as the second best fit of 4 candidates within 2 ppm, using
normal chemical rules (Fig. 3, 4). The fragment ion spectrum
of erythromycin (Fig. b) has 2 prominent fragment ions. The
SmartFormula 3D interpretation of the spectrum considers
the masses and isotopic patterns for all the fragment ions.
The candidate formula list is reduced to only one possible
formula; the correct formula for erythromycin (C,,H, NO,.)
(Fig 6). In addition, SmartFormula 3D shows that for the
incorrect candidate formulae, prominent fragment ions in
the spectrum do not match to that formula.

This unique formula assignment is only possible with
accurate mass of < 2 ppm in both MS and MS/MS, True
Isotopic Pattern (TIP™), and a low neutral loss mass
tolerance. If the tolerances are broadened, then other
candidate formulae are still possible.



SmartFormula isotopic pattern
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Fig. 4: Measured isotopic
pattern of erythromycin.

Two prominent fragment ions for SmartFormula 3D interpretation
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Fig.5: MS/MS spectrum of
erythromycin.
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Confirmation of unexpected impurities

In a different experiment, metabolites and impurities

of alprenolol (C,.H,.NO,) were detected in an LC/MS
analysis, including an unexpected compound with m/z
188.0930 [2]. Only 1 candidate, C,H, N,, was possible
from SmartFormula, but chemically unlikely. To confirm
the formula, MS/MS analysis was used. SmartFormula 3D
confirms that the fragment ions at m/z 104.04 and 146.07
fit only to the formulae C_H,N and C H_N_, so the parent
ion formula is correct (Fig. 7). This unexpected formula was
searched against a chemical database; the most probable
compound is benzoguanamine, used in thermosetting
resins, which is an unexpected contaminant in this sample.

Conclusion

SmartFormula and SmartFormula 3D are standard,

integral modules of the Bruker Daltonics DataAnalysis
data processing software, part of the Compass 1.3

suite. SmartFormula automates formula generation for

all the detected peaks in an LC/MS analysis and results
are included in reports. SmartFormula 3D is intended

for investigation and interpretation of individual MS/MS
spectra, ideal for the user who is investigating structural
elucidation challenges. With these advanced capabilities,
instrument accuracy plays a less dominant role in formula
determination than the isotopic pattern. However, for large
and complex molecules, a small mass tolerance helps to
reduce possibilities. Typical mass errors are < 2 ppm for our
micrOTOF series products and < 1 ppm for the maXis.



SmartFormula 3D defines the correct formula

[ Parameters... | [ swapspecra | [creste Compowd | [ coluste | [ Bher <] [ simuste [ Ewot ]| Help ]
+M5, 5.2-28.55 #(5-28) +M52(734.4650), 0.6-0.9min #(35-56)
mwe Inensty FwHM SN Inkensity FWHM SN -
To14683 2231 0.5 110415 214 %28
73ATLE 1301546 0.0247 4543.3 108123 104
T36.4737 33098.3 00233 1rs.2 K 8.8
7374760 5968.2 00233 217.1 .
1881177 w2 tizsus.8
O 1ss.1183 7969.2 BH46.0
Precursor 0 160 1209 w0 e Fragments
[ 284,185 155 0,012 272.8
[ me.2118 10068.9 0.0z 11407.4
O az.2150 1512.6 0.0128 1707.5
[l a8.2169 187.0 otz 2112
0] 25.2008 274 00114 2406
[ 3#7.2215 1578 0.0128 168.9
O 3 9.6 0124 63
=] 137.5 0,013 7.4
0 4 oot 1015.8 3
‘SunFormua mizcak  en(m... en{ppm]  mSigna eConf Com... Com... Com... SurFormualoss  mfzl.. en{m.. DekaSF Inten.. mizcak en[m.. mSigH
[“lC37HBBNO 13 734.9685 0.2 0.3 8.2 even 16.0 0s 0.4 H20 18.0114 08 12383 716.4... 10 E
LELF3 El 18 0.7 45¢ 08 1
His03 1580 03 o1 1
. s 17 01 03 1
Possible o4 SmartFormula
20 7 522 0z 14
Formula o b results for
fragments

Detection of impurity after chemical synthesis

SmartFormula3D - T60_1-D,3_01_71.d

[ Parameters... | [ swapspecra | [create compound | [ cakuiats | [ Eber  v| [ smuate | [ meot ][ hep |
+MS2(188, 1030}, 7,9-6,2min #(467-483) +M52(186, 1030, 7.9-8.2min #(467-483)
mfz Intensiy P s iz Intensity F s
187,1267 405 0.0101 3045 O 1040457 1585 00044 53771
188.0930 1693.4 0.0086 12890.2 [ 121.0758 720 0.0072 24226
169.0958 2175 0.0070 16785 1 vinsser o o s
D 146.0713 270.7 0.0089 4113.6
D 147.0719 23.6 0.0114 349.0
0 1s6.0271 2.9 00087 5.0
0 1s7.1267 05 00101 EL]
D 188.0930 1693.4 0.0086 12890.2
D 189.0959 217.5 0.0070 1678.5
SunFormula mizeale enfmDal| erfpm]  mSigma|  eCorf| Com... Com... | { | SunFormia | SumFor. | mizless| enlmDal Inten.. | mizcak en(mbal| mSiama
CBHIUNS 188.0931 01 06 0.7 even 38.5 0.z D(EH3N3 CH2NZ 42.0217 01 271 146.0713 -0.0 6.1
Clcrhsnz  CzHN3 670172 0.1 72 1z10760 03 480
Clerhen  CzHane 340432 04 160 1040495 EER
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Fig. 6: Only the correct sum
formula of erythromycin remains

after SmartFormula 3D processing.

Fig. 7: Only the correct sum
formula of benzoguanamine
remains after SmartFormula 3D
processing.
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