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Understanding Mass Spectra of Small Molecules
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Agenda

9:00 —9:10 Introduction
9:10 — 10:00 lonization, ion sources, tandem MS (theory)
10:10 — 12:00 Interpretation of mass spectra (interactive session)



Core facility Mass spectrometry

Services: |||... Mass spectra of molecules [1]

{ \ Quantitative analysis of small molecules [2]

Mass spectrometry imaging [3]

fm& Lipid analysis and lipidomics [4]
@} On-demand mass spectrometry [5]

mgf" LC/MS for IOCB Compound Library [6]

Quality check of solvents [7]

Service usage

% Open access GC/MS [8]



Core facility Mass spectrometry
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Core facilities are essential component of IOCB, offering shared resources and expertise to support research
activities. They provide reliable services, collaboration, and contribute to the productivity and success of
scientific investigations. While core facilities might work on collaborative projects and method development
their primary mission is to support researchers at IOCB. This focus ensures that researchers from different areas
benefit from the shared resources and expertise in the core facility, helping advance scientific knowledge and
discovery.
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Mass Spectrometry

» Mass spectra of molecules

» Quantitative MS analysis of small molecules
o Mass spectrometry imaging

» Lipid analysis and lipidomics

» On-demand mass spectrometry

1 LC/MS for I0CB Compound Library
o Quality check of solvents

» Open access GC/MS

» Bottom-up proteomics
o Top-down proteomic analysis
o Structural proteomics

» Untargeted metabolomics
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lonization, ton sources,
and tandem MS



Mass spectrometry
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lonization

lonization: a process during which neutral molecules or ions (in a solution) are converted to ions in
the gas phase:

lonization processes:

M+ e” -> M* + 2e” (formation of radical cation in EI)

M + e -> M?* + 3e~ (formation of multiply charged ions in El)

M + e” -> M~ (resonant electron capture)

M + hv -> M** + e~ (formation of radical cation in APPI)

M + [BH]* -> [M + H]* + B (proton transfer, Cl, ESI, APCI)

M + B -> [M - H] + [BH]* (formation of negatively charged ions in Cl, ESI, APCI)
M+ X* ->[M + X]* (electrophilic addition, cationization, ESI, MALDI)

molecular ion (M*) vs. molecular adduct ([M + H]*, [M + Na]*, [M + NH,]*)



lonization techniques

There is no universal ionization technique for all molecules; different ionizations are suitable for different
types of compounds.

Classification of ionization techniques:

According to the pressure in the ion source: According to the phase in which the sample is in ionization:
at reduced pressure 7 from gas phase (El, Cl, APCI)
. ...~ (EIlCl, MALDI) o T
lonization . lonization —— from liquid phase (ESI, APCI, APPI)
., at atmospheric pressure _
(ESI, APCI, APPI, MALDI) from solid state (MALDI)

According to the energy transferred to the analyte:

Soft (ESI, APCI,APPI, MALDI)
™ Hard (El)

ionization



Mass

lonization techniques

APPI

| El, CI

polarity

El: electron ionization

Cl: chemical ionization

ESI: electrospray ionization

APCI: atmospheric-pressure chemical ionization
APPI: atmospheric-pressure photoionization

MALDI: matrix-assisted laser desorption/ionization



Electron ionization

Filament heating
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lonization energy IE: minimum amount of
energy that must be absorbed by a neutral
molecule to ionize by removing an electron

— |E for most molecules 7-15 eV
— highest ionization efficiency around 70 eV

Electron ionization: molecules interact with electrons (70 eV) emitted from a hot tungsten filament.
Radical-cations are formed, and excess energy leads to their extensive fragmentation.
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Mass Spectral Libraries
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Methods of data recording: DIP, DEP

Samples are introduced using rod probes. After partially inserting the probe, the region around the sample
is evacuated. Subsequently, a ball valve is rotated, enabling full insertion of the probe into the El source.

| T
¢ ‘# — e " Direct insertion probe (DIP): Sample in microtube, gradual
‘ Ei;‘ _ _ l " heating, sample vapors flow directly into ion source
RUI SIpS slp—z Stop 4 T d
Microvial Heating Thermocouple
1 . . . \‘ / /
: * Inserting the probe into the — .
I ° intermediate position

intermediate position than sample degradation

2. . .
H S I— Vacuum pumping in Direct exposure probe (DEP):Very fast evaporation, faster

> Slide into final position Heated filament
into the ion source N S




Methods of data recording: Automated DEP

Analyses with the
probes can be
automated.

fat
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Signal intensity depending on temperature

Pictures from https://sim-gmbh.de/



Methods of data recording: GC/MS

lon Mass

- source analyzer
:..:.‘...:: -00--1".\ & Ao '.( F
Column Lenses Detector
Carrier Gas Mass Data
gas chromatograph spectrometer system

Picture from https.//measurlabs.com/



El: Summary

Major Application Area: small, volatile, and thermally stable organic compounds

Advantages: @

. Highly reproducible fragmentation patterns.

. Extensive reference libraries facilitate compound identification.

. Excellent sensitivity and quantitative capabilities.

Limitations: ®

. Limited to compounds that are volatile and thermally stable.

. Often results in extensive fragmentation, potentially obscuring molecular ions.

. Generally unsuitable for large biomolecules or thermally labile compounds.



Chemical ionization

Filament heating
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Chemical ionization: a reaction gas is introduced into the ion source, which interacts with electrons
emitted from the filament. A reactive plasma is formed, which ionizes the analyte by proton transfer.
Fragmentation is suppressed.



lonization of methane

If we increase the pressure in the El source,
autoprotonation can occur:

M+ M*™ > [M+H]|"+[M—-H]

Autoprotonation is undesirable in El, as it distorts the intensities of isotope peaks.
In El, it is necessary to maintain a low pressure in the source, while in Cl, a higher pressure is required.
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Picture from Gross: Mass Spectrometry, A Textbook, 2017
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Cl with methane
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lons observed in methane-Cl spectra:
[M + HJY, [M + CH:]*, [M+ CH]",
occasionally [M - H]* (hydride loss,
beware of misinterpretation! ... look at
other adducts and losses)

Picture from Gross: Mass Spectrometry, A Textbook, 2017



Cl: Summary

Major Application Area: small, volatile, and thermally stable organic compounds

Advantages: @

* Produces less fragmentation than El, providing clearer molecular ions.

* Gentle ionization, useful for confirming molecular weights.

* Allows selective ionization through choice of reagent gas (e.g., methane, ammonia).

Limitations: ®

* Lower reproducibility of fragmentation patterns compared to El.

* Limited to relatively volatile compounds; unsuitable for large biomolecules.



Electrospray lonization

An electrospray is a phenomenon in which a strong electric field applied to the liquid at the tip of a
capillary generates a fine mist of electrically charged droplets.

Electrospray lonization (ESI) source: a liquid sample is

Taylordav kuzel @ Q 0
delivered through a capillary held at high voltage,

/
Ionty analytd O

o @ Q@ 9 vstup generating a strong electric field at its tip. This electric
Q@O o O field forms a Taylor cone, emitting a fine spray of charged
Sprejovaci kapilara o o O droplets. Solvent evaporation reduces droplet size,
J increasing their charge density until ions are released into
@ the gas phase, ready for mass spectrometric analysis.



Electrospray lonization

Processes that take place during ESI:

e Taylor cone formation and charged droplet release
* Reduction of charged droplets by gradual evaporation of the solvent
* Release of ions into the gas phase

e Secondary reactions in the gas phase (ion-molecular reactions, fragmentation, etc.)



gifs.com



Droplets formation in ESI

Taylor cone

Following the formation of a Taylor cone, a charged liquid jet emerges from its
apex, which quickly breaks up into charged droplets.

These droplets repel each other, forming a widening spray plume, and
progressively fragment into smaller droplets.

Picture from Nemes et al., 10.1021/ac062382i



ESI spectra

Soft ionization technique (minimum fragmentation)

— Small molecules: single-charged ions [M + H]*, [M + Na]*, [M + NH,]* (positive mode) and [M - H],
[M + ClI] ~ (negative mode) depending on the composition of the mobile phase

— Large biomolecules: multicharged ions [M + nH]", [M + nNa]"* (positive mode) and
[M - nH]" (negative mode)
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ESI: Summary

Major Application Area: Polar and less polar small organic compounds, including thermally

labile or non-volatile compounds and large biomolecules.

Advantages: @

* |onization of large and thermally labile biomolecules without decomposition.

* Generates multiply charged ions, enabling analysis of very large molecules.

* Excellent compatibility with liquid chromatography (LC/MS).

Limitations: ®

* lonization is influenced by sample matrix and solvent conditions.

* Prone to ion suppression/enhancement effects from complex mixtures.

* Typically provides minimal fragmentation, requiring MS/MS for structural elucidation.



Atmospheric-pressure chemical ionization

Chemical ionization is a process in which charged particles are formed in the gas phase by the reaction of

neutral particles with ions.

Heater
|
NZ\ o....o ’ o ..'
® @ @ )
..’.. ® .
O
|-k N2/ .. .. " ¥ o ©®
Heater

HV

Atmospheric Pressure Chemical lonization (APCI):
the liquid sample is introduced as a fine spray into a
heated chamber, rapidly vaporizing the solvent and
analyte molecules.

Electrons from a corona discharge needle ionize
atmospheric gases and solvent molecules, producing
primary reagent ions (e.g., protonated water clusters).

Analyte molecules become ionized via secondary
chemical reactions with these reagent ions.



Atmospheric-pressure chemical ionization

Processes that take place during APCI:

Formation of primary ions:
N, +e > N, + 2e”
N,* +2N,—> N, + N,

. 50 H5O* . . .
HO i F'DN ) Formation of solvent reaction ions:
. M H-O ) _}{"l;,l'._:'}n"l' H20+0 + HZO % H3O+ +HO.
2 -3
a l \d;‘_ NE \‘J'; H30+ +H20 + Nz% H+(H20)2 +N2:
0, ) o
/w* ? 0 H*(H,0),_, +H,0 + N, H*(H,0), +N,
Analyte ionization:

A+B*"" > A" +B
A+ BH*—> AH* +B

Picture from https.//www.microsaic.com/



APCl spectra

Soft ionization technique (usually some fragmentation)
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APCl: Summary

Major Application Area: moderately polar to nonpolar, small to medium-sized molecules.

Advantages: @

* Effective for relatively nonpolar, thermally stable compounds.

* Good compatibility with liquid chromatography.

* Less susceptible to ion suppression effects compared to ESI.

Limitations: ®

* Limited to molecules that can be vaporized without thermal decomposition.

e Usually ineffective for large biomolecules or highly polar and thermally labile compounds.



Atmospheric-pressure photoionization

Photoionization is a process by which neutral species in the gas phase become charged through interactions
with photons.

Atmospheric Pressure Photonization (APPI):
3 The liquid sample is sprayed into a heated chamber.
Heat_er | 3333 VUV lamp produces photons that interact with the
N2\ 2 .:_..: . ' tJee B -MS analyte molecules in the gas phase to form M**; at
“ N/ ®es ® .'.': SR S0 the same time, proton-solvent transfer reactions
can take place.
Sample Heater

- A low-IE dopant (toluene, acetone) can be used to
increase the detection sensitivity.



Atmospheric-pressure photoionization

Processes that take place during APPI:

Direct photoionization
M+hv - M** + e~

Dopant-mediated photoionization
D+hv—>D*+e”
D*+M—> M*"™+D

Formation of protonated molecules:
M** +S - MH* + [S-H]*
D**+ S (solvent) - [D-H]* + SH*
SH*+ M - MH* +S



APPI spectra

Soft ionization technique (usually some fragmentation)

Odd electron ions: : M**, products of reactions with solvents
Even electron ions: [M + H]*, products of reactions with solvents (positive mode), [M - H]~ (negative mode)
Fragments

194 ) carbamazepine 61 186, M* diphenyl sulfide
237, [M+H]
— 5 -
2 4
S
T OO
1
" ¢=0 | 2H 2-
NH,
14
O—Mﬁﬁ‘..lﬂf‘r.“.[.'..'.I....Ir.'.]'.., 0 st e e
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500
m/z m/z

Picture from Robb et al., Anal. Chem. 2000, 72, 3653-3659



APPIl: Summary

Major Application Area: moderately polar to nonpolar, small to medium-sized molecules.

Advantages: @

» Effective for low-polarity or nonpolar molecules that are challenging for ESI or APCI.

* Less affected by ion suppression, enhancing robustness in complex matrices.

Limitations: ®
* Requires molecules to have adequate photoionization efficiency (appropriate ionization

potentials).

* Limited applicability for highly polar, large, or thermally labile biomolecules.



MALDI target plate
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Matrix-Assisted Laser Desorption/lonization (MALDI)
involves mixing the sample with a matrix, applying it
to a target plate, and using a laser pulse to cause
desorption. The matrix is ionized first, enabling
ionization of the analyte—typically through proton

transfer.

lons in spectra:
[M + H]*, [M - HJ], alkali metal adducts




Matrices for UV MALDI:

N OH

HO I
N

a-Cyano-4-hydroxycinnamic acid
(CHCA or HCCA), peptides

OH O

N OH

=N

3-Hydroxypicolinic acid
(3-HPA), oligonucleotides

MALDI matrices

HO
o<
Sinapic acid (SA)
larger peptides, proteins

9-Aminoacridine (9-AA)

1,5-Diaminonaphthalene (DAN)
for neg. mode, e.g. oligonucleotides, lipids, glycans

HO

OH

OH

2,5-Dihydroxybenzoic acid (DHB)
general use, lipids, proteins, peptides

OH O OH

Dithranol (DIT)
Syntetické polymery



Sample preparation for MALDI

Sample preparation for MALDI is a key step in the analysis. It determines the quality of the sample, i.e. its
homogeneity and ability to provide quality spectra with good sensitivity and reproducibility.

Dried droplet method: matrix-sample solution is mixed Mixture of
(analyte:matrix ratio 1.:1000 to 1:10,000), applied to the matrix solution
plate and the solvent is allowed to evaporate /

and analyte

Other application methods:

* Gradual application in the order Sa/Ma, Ma/Sa, Ma/Sa/Ma
e sublimation of the matrix to the sample surface

* Mechanical spraying of the matrix

* Electrospraying of the matrix

Pictures from Jiirgen H Gross, Mass Spectrometry: A Textbook; https://doi.org/10.1016/j.jasms.2009.02.010



MALDI spectra
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Singly charged ions.

Low m/z regions of MALDI spectra
often show intense matrix-derived
signals (e.g., fragments,
degradation products, adducts)

— Spectra are typically recorded
from higher m/z.
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In the MALDI spectra of
peptides and proteins, only
single-charged ions are usually
observed. The multiple-charged
ions known from ESI are
(almost) missing.



MALDI: Summary

Major Application Area: Large (bio)molecule and synthetic polymers, insoluble samples

Advantages: @

* Enables soft ionization of large, labile molecules with minimal fragmentation.

* Produces mostly singly charged ions, simplifying spectral interpretation.

* Highly effective for high-mass analytes.

Limitations: @

* Less effective for small molecules (<500 Da) due to matrix interference.

* Requires co-crystallization with a suitable matrix; matrix needs to be optimized



Tandem mass spectrometry

Tandem mass spectrometry: methods that involve two or more consecutive mass spectrometric analyses
separated from each other by ion fragmentations.

Used for the identification, quantification and structural characterization of substances.

Collision
El Photon
ESI Surface
MALDI
— T W m/z )
ionization iﬁ? eparation fragment {3.} separation detection
MS1 MS2
Precursor Product
ion ion

Picture K. Murray, https://commons.wikimedia.org/w/index.php?curid=1943319



Tandem mass spectrometry

Activation is the supply of energy to ions in the gas phase in order to induce their fragmentation.

Activation by collision with atoms, molecules and surfaces
CID, SID

e
"
cr
e
cr"
cr"
‘\.~

hv Activation by interactions with photons
(UV)PD, IRMPD, BIRD

Activation by interactions with electrons
EID, ECD, ETD

O+
Ou_#x

Activation by chemical reaction
OzID



Basic principles of mass
spectra interpretation
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General interpretation procedure for mass spectra

1/ Identification of signals unrelated to the analyte

2/ Spectra Library Search
Good Match: GoTo 6 No or Poor Match: GoTo 3

3/ Search for ions carrying information about the entire molecule
Determination of molecular weight, determination of elemental composition

4/ Interpretation of fragment ions in MS or MS" spectra
Spectra interpretation based on knowledge of fragmentation mechanisms, analogies, empirical rules

5/ Structure suggestion

6/ Structure confirmation (comparison of MS and chromatographic data with a standard compound)



.
lons, which are not related to the analyte



Background ions, contaminants, co-eluting components

Mass spectra often contain signals which are not related to the analyte:

- Synthetic byproducts, co-isolated components

- Contaminants from sample handling, solvents, etc.

- Persistent contamination of ion sources, solvent clustering
- Column bleeding peaks (GC/MS)

- Matrix ions (MALDI)

Mass spectrometry Contaminant Database:

_MaConDa

Mass spectrometry Contaminants Database http .'//WWW. mCICOI’)dCI. bham. GC. Uk/ln dEX.php




Background ions, contaminants, co-eluting components

ESI-MS: easily ionizable impurities
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Background ions, contaminants, co-eluting components

GC/MS: phthalates, m/z 149
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Background ions, contaminants, co-eluting components

Background subtraction in chromatographic data.

% Siloxanes from GC
column bleeding.
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1.
Mass spectra library search



Ibraries of El spectra
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Libraries of soft ionization spectra

Problems with the creation of libraries:

- Spectra strongly depend on the experimental conditions (composition of the mobile phase and ion source
settings)

- MS spectra are usually without fragment ions — library spectra at the MS" level
- MS" spectra depends on the experimental conditions (ionization energy, type of the analyzer, etc.)

— spectra libraries are measured at several experimental conditions

ThA

CLOUD
https.//www.mzcloud.org/



Libraries of soft ionization spectra: mzCloud

Freely accessible database of spectra, spectral trees, structures, fragments of chromatographic data, links,
etc. (2 862 932 spectra, 8 321 compounds)

Spectral tree: database structure of tandem mass spectra

Identification substructures - the possibility of identifying substances which are not in the database
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1.
Molecular ions, molecular adducts and
deprotonated molecules



Molecular ion in El spectra

Electron ionization M+e - M +2e”

Molecular ion (M**) is a radical cation (odd number of electrons, OE **). The m/z corresponds to the mass of
the analyte.

— as decane Mw 142
57
M+
daii a1
29
71
27 as l
39 142
.l L| _,-;-.”.__ | ||._ - .|

Identification of the molecular ion in El spectra:

1/ it may not be present; if present, it must have the highest m/z value
2/ the molecular ion provides logical neutral losses



Molecular ion in El spectra

A Heterocycles
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Thiols
Sulfides
Olefines
Amides
Acids

Ketons
Aldehydes
Alkanes
Amines
Ethers

Esters

Nitriles for~m/z 150
Alcohols

Aromates I

the intensity of the
molecular ion increases

20 40 60 80 100
Molecular peak intensity (%)

o

- The intensity reflects stability of the molecular ion

- Type of the compound can be estimated based on molecular peak intensity



Molecular ion in El spectra
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Molecular ion in El spectra

- if the molecular ion is missing, its m/z can be derived from logical neutral losses

stylopsal
100+ 43
m/z Int.
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. - /\/k/\)\)\/\
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55
84 193 0.2
501 208 0.4 — M*-H,0, . (M-18)
211 0.7 = M*- CH3°, tj. (|\/|-15)
95 U
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DOI 10.1007/s10886-012-0214-7



Molecular adducts in ESI (and other soft ionizations)

Molecular adducts ([M+H]*, [M+NH,]*, [M+Na]*, [M+Cl]’) or deprotonated molecules ([M-H])

Molecular adduct is an ion with even number of electrons and may not be the most abundant ion in the
spectrum.

so — (M+H>
o] Multiply charged ions v\
] >+
so — (M+=2H) Molecular adducts
§ ] Dimers, trimers etc.
— / (ZM+H) T
2o \ (Ma+Nay ™t
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Molecular adducts in ESI (and other soft ionizations)

The molecular weight can be determined based on the presence of adducts, dimers and/or multiply charged
ions

M+1 M+1
(M+H)* (M+H)*
(M+2)/2 2M+1
M+23 2+
(M++Na)"‘ iz 2 (2M+H)*
22
M+39
(M+K)*
16
|I Il |l-

EIC: Calculation of adducts, dimers or multiply charged ions available from reQuest/Services



What is the molecular weight?

P
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What is the molecular weight of reserpine? MS, ESI+

2

[2M+H]*
100 — 1217.5
807 Reserpine Z‘
1  CuH,N,0,; M, =608.3
60 —
[M+H]”
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20 —
[M+Na]*
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Charge state

Determining the number of charges

Number of charges can be determined from the distance between the peaks in the isotopic clusters.

100+ 853.3309 427 6727 285.4301 214.3400
854,300 4281727 285.8051 214.5900
%_
- < 1u <+ 0.50u <+ 0.33u <+ 0.25u
- 4286727 286.1176 214.8400
D J L J \ 1 ] h | \ Irl‘ - | L J \J 1 h I L L ] -

2X

3x

4x



Charge state

Example: a compound with relative mass of 1000

[M + HJ* [M + 2H]?*
1001 1002
Mass
(m) 1002 1003
‘ 1003 ‘ 1004
12C 13C1 13C2 12C 13C1 13C2
1001/1=1001 1002/2=501
Mass to 1002/1 = 1002 1003/2 = 501.5
Charge 1003/1=1003 1004/2=502
(m/z) | |
1 Da 0.5 Da




What is the molecular weight of vancomycine?
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What is the molecular weight ? MS, ESI+

FTRS + ESI ms [150.00-1000.00] I
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Charge state: multiply charged peptides

Determining the number of charges

Number of charges can be determined from the distance between the neighboring peaks representing
different charge states.

7+
+ +
00 970.40 _m—-H _m,—H
MS, ESI+ Z; = " —m Zy = -
' kM My — M,
8+
849 11
o0+
) _ M=6785
& j
- 1131.79 ot |
k Taipan venom
1358.03 4+
1697 .27
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Elemental composition: information from isotope clusters

Isotope clusters of polyatomic ions are linear superposition of clusters of all elements. Ratios of stable isotopes
of elements are fixed.

,X“ elements

LX+1“ elements

100 % 100 % 100 % 100 %
F | C N
1.1% 0.4 %
19 127 12 13 14 15
»X+2“ elements
100 % 100 % 100 % 100 % 100 % 9730,
O S1 S Cl Br
32.0 %
0.2 % 3.3% 4.5 %
16 18 28 30 32 34 35 37 79 81




Elemental composition: information from isotope clusters

The number of carbons in an ion can be estimated based on the intensity of 13C isotope (relative ratio 3C/12C

is ~1.1%)

6.6%

¢
e 78 JL 80 81 82
266
C14H10

15.3%
2
|

177 178 179 180

miz

181

182

To get the number of carbons:

Divide the relative intensity of
@‘ X+1 peak by 1.1

C10H8
10.9%
4
127 128 1!9 130 131 132
_QOOO
26.1%
4

C24H12

299

300

301 302

m/z
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Elemental composition: information from isotope clusters

Isotopic clusters indicate the presence of some elements (e.g., Cl, Br, some metals etc.).

LA

Compare experimental data with

CilaBe  Ciz8r  CiBrz  Cizers SiyBe, simulations of isotope clusters.
CIBrs Ci,Bra

)
o

N 4
http://www.colby.edu/chemistry/NMR/IsoClus.html
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What element would you expect in the structure of this ion ? MS, ESI

100 294.0 296.0

85 N H2 I_]
w 5

*0 Bromo-DragonFLY
> C,5H,,BrNO,

Relative Abundance
(%]
(=]

295.0 297.0

2980 5990 3000 3010 3020
0 o B o o L B S S S R R 5 B e B e e I e s e e e e e e e e e

290 291 292 293 294 295 296 297 298 299 300 301 302
m/z




What element would you expect in the structure of this ion ?

Relative Abundance

100
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90
85
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75
70
65
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55
50
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40
35
30
25
20
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o H cl
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((/ OH
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C11H12C|2N2()5

327.0
326.0

328.0
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What element would you expect in the structure of this ion ?

100 3721

95
371.0

90 1950

1840

85

80 Pt

75

373.1

70
65
60
55
50
45

Relative Abundance

40

2
s
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25 o

20
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10

369.0
0 367.0 3680 A 3701
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o)
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\
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O NH,
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CsH,N,O,Pt
3751
374 .1
A 3'1 377.1 3781 379.1 380.1
374 376 378 380
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Elemental composition: information from nominal mass

- Elements with odd nominal masses form odd numbers of covalent bonds.

- Elements with even masses form even numbers of covalent bonds, with the exception of nitrogen

(nominal mass of 14, valency of 3).

Nitrogen rule applies to organic compounds containing C, H, N, O, S, P, F, Cl, Br, |

Odd value of molecular weight = odd number of nitrogens

Even value of molecular weight = even (zero) number of nitrogens

Applying the rule for ions: NH, NH®
El: valid for M** as stated above @ ©
ESI, APCI, MALDI: the rule must be reversed for molecular

adducts! M=93 m/z 93



Does this ion contain nitrogen? MS, ESI+

100 246.1
95 (\
90
: AL
80 N 8)
75 \)
70

65

60
55 Triphenylamine

50 C18H15|\I

45

Relative Abundance

40
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° 2481
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Does this ion contain nitrogen? MS, ESI-

100 172.0

. SOsH

NH,

Sulfanilic acid
4 CsH-NO;S

Relative Abundance
w
(]

170 171 172 173 174 175 176 177
m/z



Does this ion contain nitrogen? MS, ESI+

100 161.1

95

90
85 o) CH,

80 J\ NH = ‘ |
75 HaC NH CHj |

70 o)
65
0 Dialanine

> C6H12N203
50
45

Relative Abundance

40
35
30
25
20
15

10 162.1

5
A 163.1 164.1 165.1

159 160 161 162 163 164 165
m/z




Elemental composition: HRAM measurement

Each combination of elements has a unique exact mass => we can use accurately measured masses for

calculating elemental formula

TOT7.S5176
100 —

0
0

798.5208

Relafive Abundance
3

N
0
I

High resolution spectrum

799.5236 813.4905
14.4
e 792.-5636 18?0-5258 \ 2% o 4001
A A A
o |79|O T T T |79|5 T T T ‘80‘0 T T T ‘BOIS T ‘81|0 T T T ‘81|5 T T T |82|0 T T T
mi/=

Results — usually several

possibilities

i~ Limits

Charge: [1—_5

Nitrogen-Rule: IDo not use l]

Mass tolerance {20.00 [ppm  ~|

RDB equiv: |-1 0-100.0

i~ Blements in use

Isotope| Min | Max| DBeq.] Mass -

160 0 [100]| 0.0 15.995 |

12C 100 | 1.0 12.000 I

m.

0
1H 0 |[100] -0S 1.008
0

23 Na 1 -0.5 22,990 | ‘

1|

m/z= 792.52-802.52

Elemental composition search on mass

19752

m/z Theo. Delta RDB Composition
Mass (ppm) equiv.
| 797 :5176| 797 .5174 0.20 8.5|C45 H74 010 Na
4915198 = B 11.5|C47H73010
797.5140 4.55 20.5|Cs54He9Os

Calculation limits




Odd or even electron ion? RDBE

RDBE (Ring and Double Bond Equivalent): the number of unsaturations present in a organic molecule

1 1
Number of rings and double bondsin CH N O_ : RDBE = x — 53’ + EZ +1

x' 'y'Nz¥n

Other elements are added to CHNO based on their valence, e.g. Si (+C), P (+N), halogens (+H)...

RDBE of ions:

integer value of RDBE - OE**

fractional value of RDBE - EE*



Odd or even electron ion? RDBE

Example: methyl octanoate RBDE = 1 MS, El
= ®
CHO, |
H
100- ~o" 74 /\/\/\/\O/
o
Hc Yo7 °
RBDE=1.5
50 C4H70, O
87 _—
H,C CH
RBDE=1
43
55 127 M
> 115
. 29 4 69 o 101 C9]|';é802
98
0 |..|.-'.|..'.||.‘?']....|'||.|.'..|'.".|.'.'..é'7'.|'|'.||'. |'|"||||||||'|||'|”|'|'|||.||C'}'|9'| |"|||||'|I||'||||||.I|A}:3||||||L||||||
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170



V.
Fragment ions: EE”

Even-electron ions from soft ionizations



Fragmentation of even electron ions (EE")

lons generated by MS/MS of EE* (e.g. [M+H]*, [M+NH,]*, [M+Na]*, or [M-H]"), fragments formed during APCI

FRAGMENTATION of EE*:

The fragments are EE* and a neutral fragment (not seen in the spectra)

EE* > EE"+ M

Example: R-OH,*— R*+ H,0

- Cleavage of neighboring bond to the charge site
- EE* ions are more stable than OE**

- The spectra are simpler than El spectra (less information). They are sensitive to small changes in the structure



Fragmentation of even electron ions (EE")

Example. Fragmentation of tertiary amines - two competing processes

R R
+J A. Inductive cleavage
H,C .
( . - positive charge attracts electron pair of the C-N bond
Rl'ljl\l Rym\l - charge migration, neutral loss of secondary amine
2
R RZ
R’ R’
/) B. Rearrangement of B-hydrogen
Qe HoC
~N H - migration of hydrogen to nitrogen accompanied by cleavage
+ —_—
1-N +-H of the C-N bond
R Illﬁ 1¢N
R2 R H\| - charge retention, neutral loss of alkene
2



Fragmentation of even electron ions (EE")

Fragmentation of EE* can often be described as a series of losses of neutral molecules.

Typical logical neutral losses:

17:
18:
27:
28:
32:
42.
44
80:

NH, —amines aliphatic, aromatic (+)

H,O — oxygen-containing compounds (+/-)

HCN — amines aliphatic, aromatic, nitriles aromatic (+/-)
CO — aldehydes, ketones, nitroaromates (+/-)

CH;O0H — methyl esters (+)

CH,C=0 — N-acetyl derivatives (+/-)

CO, — carboxylic acids, carbamates (+/-)

SO, — sulfonic acids(+/-)

162: anhydroglucose — glucosides (+/-)

Impossible “forbidden” neutral losses: 3-14, 21-25, 37-40



What neutral molecule is lost during fragmentation?

Carboxylic acid: neutral loss of CO, @
FTRS - APCI ms2 152.0353@hod30.00 [50.00-162.04] msl 1 1
100
10804549 m/z 152.03532 .| B

HCD 30: Iw 1

2¥
OH O M3“0

OH

NH,
152.03532

40

44; CO,

20

A

104




What neutral molecule is lost during fragmentation?

Carboxylic acid: neutral loss of H,0O, (CO,) @

FTMS + N5I ms2 154.0499@hcd60.00 [50.00-159.00] Msl =
1007 13603830
- m/z 154.04987 |

HCD 60: IW 1

2
OH M527

O

80

OH

.B,D_: 108.04435
NH,

40-: 154.04087

30

28; CO

zu—:

_ 28;CO |
o 8004448 44; COZ

92.04%m
]

18; H,0

B o e e o e e e B o N L B i B B B B i e e o e LI S e e e e o
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What neutral molecule is lost during fragmentation?

Carboxylic acid: neutral loss of CO, @

Methoxy group: neutral loss of CH,*

FTMS - ESI ms2 167.0350@cid20.00 [50.00-180.00] Msl
100 — — )
] 152.01151 12 167.035 —
T miyZ o
00.] O\ OH CID 20: Iw 3 | J
] Ms2t
80
] _CHs 167.03498
70 o
: OH
60 123.0452 15
] —
50+ CH3° I
40
30
20] 44; CO,
10- 108.02168
1 168.03834
0] |

1] 10 20 a0 40 50 60 7o a0 80 100 110 120 130 140 150 160 170 180



What neutral molecule is lost during fragmentation?

50-]
40
30

2&—:

Carboxylic acid: neutral loss of H,0O, CO,
Arylhalogenderivatives: loss of halogen radical

FTMS + ESI ms2 205.9770@hcd30.00 [50.00-215.98]

- 1| 4|
205.97701
m/z 205.977(m

HCD 30: IW 1
o) cl
| Ms2%
NH,
HO
18796645
Cl
18; H;0
—
127.01833
44; CO,
35; Cls1 98718
126.01050| _
O 10 20 30 40 S0 GO TO B0 90 100 110 120 130 140 150 160 170 180 180 200 210 220



What neutral molecule is lost during fragmentation?

®

Arylhalogenderivatives: loss of halogen radical

FTMS + M5l ms2 207 9756@cid30.00 [50.00-211.00] msi

207.97564

] XN MsZh
a0-] 12905730

: =

] Br

m/z 207.97564
CID 30: W 1

40

79; Br®

A

20

104

o] 10 20 30 40 50 80 7O 80 0 80 100 M0 120 130 140 150 160 4F0 180 180 200 210 20 230



What neutral molecule is lost during fragmentation?

40

Arylhalogenderivatives: loss of halogen radical

FTMS + ESI ms2 259.993 1@ hed300.00 [50.00-269.99]

116.06205

mNHZ
|

127; 1°

242 86652

25888307

17

<
<

NH;

— T
220

T
240

T
260

N 1 6)
mfz 259.99307
—

HCD 30: Iw' L

M520



What neutral molecule is lost during fragmentation?

Esters of carboxylic acids: neutral loss of alcohol

FTMS + ESI ms2 271.1077@hcd20.00 [50.00-281.11] M5t
1007 271.10772 12 271.10772
7 mi/ Z 9
] H,C o} I

E \ HCD 20: IW 1
“ o |
] N\ \N 239.08150 Ms2T
B0
: NH —

CHj

40

32
. CH,OH

104

106.02874 211.08658
i . . I

N o e LI I o e e LI B i s s e e e e e e e e e e e S S LI B e e
0 20 40 ao a0 100 120 140 160 180 200 220 240 260 280



What neutral molecule is lost during fragmentation? @

Sulphates: neutral loss of sulfur trioxide

FTMS - ESI ms2 212.0023@-id30.00 [60.00-225.00] M5l
100-
] 212.0023
- m/z 212.0023
] CID 30: TW 3 - )
B0— NH -
: p Ms2 | )
B‘D- [e)
H /l
70 0O=s=o0 /
: |_ HO
1 o)
60
1 B0.96519
50
.“;.: 13204549
30 213.0047
20- 80; SO,
104 79.95736
] 1200455
0 . I .
L M
0 10 20 30 40 50 BO 7O 80 80 100 110 120 130 140 150 160 170 180 180 200 210 220 230



What neutral molecule is lost during fragmentation? @

N-nitroso: homolytic cleavage, loss of nitric oxide NO*

FTMS + ESI ms2 199.0866@hcd15.00 [50.00-220.00] msl
100 169.08860 m/z 159.08659 1 9
80-] HCD 15: W 1 |
: D C
80 N

40

243—:

30; NO®

A

104
199.08659

66.04640 104048948 |
1

0 10 20 a0 40 50 a0 o a0 80 100 MO 120 130 140 150 160 170 180 180 200 210 220




Interpretion by a series of successive neutral losses

~ 1”132 Da
100+ 471.2 :l: EH )
o///// Br == \
7 20
|
0 Ho

E °© OH 18 Da 152 Da

65 H,O

0]  ESIMS? (+)

453 489.1 603.1

E 152

353 18
a0 18 M + HJ*

E 132

E 132

153 319.2 341.1 1

109 8 18 735.0

55 3072 4532
3 275.1 | 373.3 435.2 | 602.6

01— 1 Ll | 1 | 1 Al
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Interpretion by a series of successive neutral losses

Relative Abundance

1005
953
903
85-

283.1

162

A

3432
| 361.2
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[

403.2

463.3

»
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Fragmentation of even electron ions (EE")

Fragmentation depends on the ion type: the CID spectra of different adducts of the same molecule may differ

HO

= O\\/}/\/\ CoOH o 1371.6
=0 9 s X0 Loss of HF | co

Relafive Abundance
0
Q

1071.4
100
F17.3 1091 .4

oo e 1393.6
- Cleavage of ester Loss of HF °{"" l CID
o bonds o

Relafive Abundance
0
o]

% [M + Na]*

30 697.4 1051.5 SN 132393.5
25
2o

=

(= 1
o b 353.5
E=1 877 . A s <3 oO7F7.4
°59.5 1
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What are the ions in the spectrum of paracetamol?

JC_LEKY_Pan_04_080720211508 #1-22 RT: 0.00-0.25 AV: 22 NL: 2.40E4
2 T: TTMS + ¢ ESI Full ms [50.00-500.00]
152.0 [M+H]*

100

. CgHgNO,; M=151.1 2 2

- [2M+H]*

Relative Abundance
§_
E_‘-h_;
B

40 . 303.1
Mass Intensity
152 100.0
\ 153 8.7
154 0.7
20
1
+ +
3041 395 1
]
100 150 200 250 300 350



What are the ions in the spectrum of paracetamol?

jc_leky_pan_03_080720211358#1-36 RT: 0.00-0.24 AV: 35 NL: 1.07E3

2 T- ITMS + ¢ EST Full ms2 152.00@cid24.00 [50.00-160.00] NH;
1005 110.0 /@’ MS/MS, ESI+
953 HO
903
85 NH _CH, ® 152.0
w T |
753 HO 5 - ) -
703 42; CH,=CO =
= < >
he LD
8 60=
2 563
2 502
g
& 103
353
303 [M+H]*
255 .
203 NH._ZCH, 152.0
152
103 HO
53 134.0 18 H,0
c-IllilllIl|IiIl|llll|IIll|IllI'IIII|Ilii|lrll|illl|'lill|
50 60 70 80 90 100 110 120 130 140 150 160
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What are the ions in the spectrum of paracetamol?

I JC_LEKY_Pan_18 #1-464 RT: 0.00-2.00 AV: 464 NL: 1.12E1
T: ITMS + ¢ ESI Full ms3 152.00@cid26.00 110.00@cid25.00 [50.00-160.00]

1

110.0

7
7
5 92.0
93.0
17; NH,
82.1 X .
2 18; H,O
1 >
1
28: CO
c I 1 | | 1 l 1 1] .'l'. l"""'l ) 1 | I v 1 | 1 1] I I"'I""I' | Ll L 1 1 | I "' ] ) "'I
50 60 70 80 100 11 120 130
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® 152.0




What fragments are expected from paracetamol dimer?

? JC_LEKY_Pan_05_080720211508 #1-32 RT: 0.00-0.25 AV: 32 NL: 2.63E3
T: ITMS + ¢ ESI Full ms2 303.10@¢cid16.00 [80.00-500.00] |V| S M S E Sl
+
1 152.0 /MS,
® 303.1
o

-4

N
Ul

303.1

Relative Abundance

NH _CH,
o
HO

151; Paracetamol molecule

A

- - N
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What are the ions in the spectrum of menthyloxyacetic acid?

2789jc_090716170932 #1-149 RT: 0.00-2.00 AV: 149 NL: 9.82E1 o) OH
T: ITMS - ¢ ESI Full ms2 213.40@cid29.00 [55.00-250.00)
2 10 75.3 j/
(@)
° MS/MS, ESI-
9 H,C
8
7 CH;
7 (o)
6 CH; C12H2203; M:2142
(O 26
§ 6 138, CH3 ) 6
_g 5 < > ]
3 5
P CHy
S, ) 140; CH, R
3
3 [M-H]-
) 213.3
44; CO,
2 <
1
28;CO 18, H,0
1 < » <€
167.3
73.3 169.2 195.2
c I ] [ ||
A R M o s A L L AR I L LA B L e e
60 80 100 120 140 160 180 200 220



What compound is it?

~

3:3::"( 1 272 2.13e4
OH I_ 185
|/ SOL 2 carbon atoms
- - - o

lodoacetic acid § \1 85: 100 o/o

3 186: 2.0%

oo g 187: 0.4%

186 187
" 185 m,z 180
[M-H]
1411 44; CO, 185.0
06-30 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195 200 205 210

TOF MSMS 184.96ES-

MS/MS, ESI-
® 185.0

27



What are the ions in the spectrum of 2-mercaptonicotinic acid?

2786jc #1-147 RT: 0.00-1.02 AV: 147 NL: 2.76E3
T: ITMS + ¢ ESI Full ms2 156.00@cid21.00 [50.00-175.00]

2 10 138.1

9 MS/MS, ESI+

° N. _SH

8 N ® 156.1

8 Z OH l

T

7 o o
; : CcH:NO,S; M=155.0 2 8
E S S \)
£ 5
2 4
c 4

3

3

2

2 [M+H]+

I 156.1

18; H,O
e L e e L

50 60 70 80 a0 100 110 120 130 140 150 160 170
mfz



What are the ions in the spectrum of 2-mercaptonicotinic acid?

2787jc #1-230 RT: 0.00-2.01 AV: 230 NL: 1.73E1
o) T: ITMS + ¢ ESI Full ms3 156.00@cid21.00 138.10@cid26.00 [50.00-175.00] 138.1

10
9 N SH MS3, ESI+
9 | N
A
8 110.1 | ® 156.1
8 +
(@)
7 v
, ® 138.1
6
v
8 o o
B 5 )
5 ) Formation of the solvent
P adducts in an ion trap —
£ 4 28: CO ) - )
& 4 ) " |
3
3
2
2 +18; HZO
1 128.1
1
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What are the ions in this spectrum?

1748jc #1-226 RT: 0.00-1.51 AV: 226 NL: 5.26E1
D T: ITMS + c ESI Full ms2 329.20@cid27.00 [90.00-350.00]

10

311.2

MS/MS, ESI+

OH ® 329.2

OH OH

C5H,50,; M=306.2

269.2

Relative Abundance

== = N N W W 5 = 00 O D B =~ =~ @ X0 © O
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What are the ions in this spectrum?

2

Relative Abundance

100

1644jc #1-749 RT: 0.00-5.02 AV: 749 NL: 2.22E1 [M+Na]+
T: ITMS + ¢ ESI Full ms2 557.30@cid27.00 [150.00-600.00]
557.3
OH MS/MS, ESI+
0]
I 557.3
o
o O
I
H,C CH, e on
132; H3C—)—S£i—OH
C30H5404S|2, M:5344 B H3C CH3 -
H;C CH; .
203.1 132; H;,C—)—S!i—OH 425.1 60; CH;COOH
' HiC  CH, < >
|‘ 539.2
275 1 18:; Hzo 497.2 18; H20
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CURIOSITY: What neutral molecule is lost during fragmentation?

C:\Users\..\2024-03-06_AR_SNOOP24_03 03/06/24 14:09:18 SNOOP-P(Phe]Se

APCI

APCI+

2024-03-06_AR_SNOOP24_03 #1-35 RT: 0.02-1.03 AV: 35 NL: 3.92
T: FTMS + p APCl corona Full ms2 575.10@cid21.00 [155.00-625.00]
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CURIOSITY: Loss of methane, eliminations of ethylene

341.3644

=] ESIMS (-)

342.3609

Cs® 7

7 340.3680

Carborane HOOC-CB;Me,,
C,3H;3,B1,0,7, 343.358246 Da

Relative Abundance
o

4 M~
: \

339.3716
343.3575

100.0 %

SRR Boron Iisotopes 138,573
337.3760 344.3561
0 [T rrrfrrrrjpr LI L T T 17T TT 1T LI I L TT] T T
337 338 339 340 341 342 343 344 345
miz

Roncevic et al., Inorg. Chem. 59, 12453, 2020



CURIOSITY: Loss of methane, eliminations of ethylene

100 283.3

os ESI MS2 (-)

90
85

80 o 343.4 HJC,
75 l CID

(0]

lactone

70
65

60
55
50

343.4
45

40

Relative Abundance

carborene

35
30 CH4

25

20

15 C02 327.3

282.3
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100 120 140 160 180 200 220 240 260 280 300 320 340 360 380
m/z

Roncevic et al., Inorg. Chem. 59, 12453, 2020



CURIOSITY: Loss of methane, eliminations of ethylene

Relative Abundance

100
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85
80
75
70
65
60
55
50
45
40
35
30
25
20
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2553

Kompletni odstranéni
methylU z karboranu

CBq4H1g™
(m/z=143.0)

~ CyH,

CB11(CH;),Hg™ i
(m/iz=171.2129) - C,H,4

CB14(CH3)49™
(m/z = 283.3388)

CB11(CH3)gHy™
(m/z = 255.3066)

CB11(CH3)sH4~
(m/z = 227.2752)

CB11(CH3)4Hs™
(m/z = 199.2441)

-

v
e
N
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G
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Fragmentation of isotopic peaks (EEY)

MS, APCl+

2755jc #1-305 RT: 0.00-2.24 AN: 305 NL: 2.02E4
T: ITMS + c APCI corona Z ms [211.00-221.00]

214.1

2
J

©
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@ @
||||T||||?||||T|||
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i

-n.]
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1.]

216.1

o]
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?

0
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C,H:CI,NO; M=213.0

Relative Abundance
A @

9

l\!‘:.JIIII(rllII?IIIILPIIII?IIII(r|llll$llll$llll IIIITIIII?IIIITIIII IIIITIIII?IIIITIIII

3.
N

|
!

-

215.1 218.1

217.1
| 219.1

T e T T T T T T T e e Ml MAR N AL RAEARA LS Ao R ans ML b |
2 214 215 216 217 218 219 220

-




What are the ions in the spectrum of chloroxine?

2747jc #1-197 RT: 0.00-2.00 AV: 197 NL: 2.29E1
T: ITMS + ¢ APCI corona Full ms2 214.10@cid32.00 [55.00-250.00]

2 10 179.1 [M+H]*

9 OH 214.1 MS/MS, APCI+

9 Cl N\

8 ® 214.1

8 o

7

, Cl o

8 FORMATION OF A
% 6 RADICAL SPECIES 3) 3)
e 5 + — —
2, FROM EE J )
2. ~ 35;%CI*
S 4 ) g

3

3

2

: 1 28,CO

1 150.1 29; 186.1 >

CH,=NH .
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What ions are expected in the fragmentation spectra of isotopologues m/z 216.1 and m/z 218.1?

2

OH
Cl N
B
s
Cl
Chloroxine

C,H.CI,NO; M=213.0

2755jc #1-305 RT: 0.00-2.24 AN: 305 NL: 2.02E4
T: ITMS + c APCI corona Z ms [211.00-221.00]

Relative Abundance

A
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What ions are expected in the fragmentation spectra of isotopologues m/z 216.1 and m/z 218.1?
2756jc #1-96 RT: 0.00-1.02 AV: 96 NL: 2.28E1

? T: I':':‘IS + ¢ APCI corona Full ms2 216.07@cid32.00 [55.00-250.00] 2161
9 MS/MS, APCl+
9
OH
8 ® 216.1
8 (of N
N

7

7 “ (o)

6 Cl
g o ) A
g g 4
2s 181.1 3)-.H
£ 4 179.1
o 4 1l._35:35Cl°

5 < >

3 37;3%Cl*_,

2

2 ) 29

: 29 || .28;CO

150.1 1|52-1 | 188.1
j I 3 ] ] " .I. (] ]
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What ions are expected in the fragmentation spectra of isotopologues m/z 216.1 and m/z 218.1?
2749jc #1-281 RT: 0.00-2.99 AV: 281 NL: 2.89

~

Relative Abundance

T: ITMS + ¢ APCI corona Full ms2 218.10@cid32.00 [60.00-250.00] 18 1 . 1
10
9 MS/MS, APCI+
. 218.1 S/MS, APC
8 " ® 218.1
8 CI N\ 37, 37clo l
7 < >
7 Z o
® o
3 35
5 — —_—
5 D) P
‘ 28;CO
4 < B>
3 190.1
3
2 29
2 ) i 201.2
1 176.2
1 152.0 ‘ ‘
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What ions are expected in the fragmentation spectra of isotopologues m/z 216.1 and m/z 218.1?

OH
Cl N
]
2
Cl
Chloroxine

C,H.CI,NO; M=213.0

Relative Abundance

A

2
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What are the ions in the spectrum of a triacylglycerol?

2

Relative Abundance

®
JC_TAG_Bter MSMS01 #8162 RT: 64.99 AV: 1 NL: 3.82E8
T: FTMS + c APCI corona d Full ms2 818.72@cid30.00 [215.00-830.00) CH.—0 —Q—R MS/MS, APCl+
2
1 547.5
—18:1 ﬁ ® 818.7
— 14:1 801.7 CH O—C—R
i
— 161 ﬁ OMoPo o
7
7 18:1 CH,—O0—C—R  Cs1Hg,Og; M=800.7
T 36
181 254: FA 16:1
575.5 >
_ 17; NH,
— 161 519.4 -
575.5
2 226; FA 14:1 80L.7 [M+NH,]*
1 — 14-1 519.4 < >
1 282: FA 18:1 818.7
—— 16:1 < >
c I I‘ | L | I 1 | ] 1 I 1 | ) 1 I 1 | LI I 1 LI I | L | ] I | L | ] I L L | ) I | | LI ) I | 1 |l| I | | L | I 1 | L | I
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What is the structure of this triacylglycerol?

2

100

T74pj #4258-4291 RT: 83.24-83.81 AV: 34 NL: 1.38E7
T: + ¢ APCI Full ms [150.00-1300.00]

Just 2 fragments -> 2 acids are the same
Neutral losses: 18:1, 16:0

Third acid: 859-282-256-39 (residue
from glycerol) = 282 (18:1)

Interpretation: 18:1, 18:1, 16:0 (OOP)

876.4 [M+NH,]*

577.4
[M+H]*
603.4 859 5
282: FA 18:1
fﬂﬂ-“ 256: FA 16:0
400 500 600 700 800

877.4

878.4

800 1000

1100

MS, APCl+

37



What is the structure of this triacylglycerol?

2

1377ek #4346-4381 RT: 108.20-109.11 AV: 36 SB: 44 106.70-107.89 NL: 4.68E5
T: + ¢ APCI Full ms [150.00-1300.00]

10 635.5

Relative Abundance

20

10 637.5

300 350 400 450 500 5650 600 650

MS, APCl+

- Molecular adduct is missing

- Just 1 fragment -> the same fatty acids in all
positions

- Calculation of two fatty acids in the
fragment: 635-39 (glycerol part) = 596 =2 x
298 (19:0)

Solution: 19:0, 19:0, 19:0

700 750 800 850 900




What are the ions in the spectrum of aginoside?

2735JC #1-56 RT: 0.00-0.51 AV: 56 NL: 1.72E3
T: ITMS + ¢ ESI Full ms2 1089.10@cid28.00 [295.00-1200.00]

1

Leek
saponins

Relative Abundance

782828282828 88 888

?mmuﬁnﬁ:m
g

HQ‘\“M

[Xyl-Glc(Glc)-Gal — H,O + Na]*

[Xyl-Glc-Glc - Hzm

400

N

479.1 ]

500

CeoHg,0,4; M =1066.5

1

927.3
& Na*
957.3 MS/MS, ESI+
® 1089.3
(o)
1089.3
Xyl—~Gle~Gal 132: Xyl 3) 9
Glc < > D IN )
162; Glc
1« >
633.3
) 456; Xyl-Glc-Glc .
795.4 294; Xyl a Glc
641.1 ) >11080.4
| 3
frovprrrr | i b i bd b bbbk Rk bk l'!'l‘"|"'l"l | Rl e bl Rl L LA |
700 800 900 1000 1100 1200



Recommended reading

Wilfried M. A. Niessen, Ricardo A. Correa C.: Interpretation of MS-MS Mass Spectra
of Drugs and Pesticides, John Wiley & Sons (2017), ISBN: 978-1-118-50018-7

Alex. G. Harrison: Chemical lonization Mass Spectrometry, CRC(1992).
ISBN-10: 0849342546, ISBN-13: 978-0849342547

Fred W. McLafferty and Frantisek Turecek: Interpretation of Mass Spectra. University
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