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Video/Handout: Basic Theory of Accurate Mass LC-MS/MS

Learn the Principles. Understand the Data.
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NIST26 MS Search Software for Accurate Mass LC-MS/MS

Overview

Understanding process more difficult than El GC-MS

El GC-MS basic course on my website

The NIST26 integrated Chromatogram Function has greatly simplified the identification of unknowns by LC-MS/MS
NIST26 software makes easy to use without extensive training

However, basic understanding allows user to more critically evaluate library search results!

Thus, the purpose of this basic introductory course!!

Most figures created with ChatGPT, lot of effort in creating proper prompt!
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Additional Video Resources from Others
» Harshit Donda’s Excellent LC-MS/MS Animated Video of LC-MSMS Mechanism
» Waters’ Corporation LC-MS/MS YouTube Series



Block Diagram of Accurate Mass LC-MS/MS Process
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Chromatographic Separation Electrospray lonization

Compounds are separated * Produces gas-phase ions

on the column. from eluting compounds.

* Typically forms protonated
[M+H]* ions in positive
mode or deprotonated
[M—H]" ions in negative mode.

Each peak elutes at a
specific retention time (RT).

/( Key Benefit:

MS' Survey Scan

¢ All ions are measured with

high mass accuracy (ppm).

¢ Low energy in the collision cell

yields primarily [M+H]* ions
for most components.

MS? Fragmentation

¢ Selected precursor ion is
isolated and fragmented at
higher energy in collision cell.

¢ Generates characteristic
product ions that provide
structural information.

5. Accurate Mass
Detector
(TOF or Orbitrap)
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Accurate mass measurement
of product ions (MS?
spectrum).

Accurate Mass Detection

¢ Product ions are measured

with high mass accuracy.

* Provides an accurate mass

MS? spectrum for library
searching and identification.

Accurate mass measurement in both MS' and MS? provides data for library searches
enabling qualitative analysis of complex samples.



HPLC: The Same Separation Principle as Paper Chromatography

Compounds elute from the column at

@ sampleiis spotted @ Solvent (mobile phase) different times (retention times) and

rises by capillary action.
amiheipapes: PR are detected as peaks.
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3 (Responds to ata system . —
@ Compound D (most retained) compounds eluting) (Records signal vs. time)
KEY POINT

Both techniques separate compounds because they interact differently with the stationary phase and the mobile phase.
Paper Chromatography: spots on paper — HPLC: peaks in a chromatogram



Electrospray Mass Spec Requires the Presence of Acids or Salts for lonization

Mobile Phase Additives for LC-ESI-MS

[ ACCEPTABLE FOR ELECTROSPRAY (ESI) J [ NOT ACCEPTABLE FOR ELECTROSPRAY (ESI) ]

Volatile, MS-friendly additives Non-volatile or strongly non-volatile additives
These additives produce minimal background ions These additives can cause ion suppression, adduct formation,
and are easily removed in the MS. high background, and source contamination.
e S5 >
SALTS BUFFERS ACIDS ( ION PAIRING PHOSPHORIC SALTS /
REAGENTS ACID BUFFERS
e Ammonium acetate ¢ Ammonium acetate ¢ Formic acid ¢ Heptafluorobutyric * Phosphoric acid e Sodium chloride
e Ammonium formate e Ammonium formate ¢ Acetic acid AIGIRRA) (H5PO) * Potassium chloride
e Pentafl ioni :
* Ammonium bicarbonate | ¢ Ammonium bicarbonate | ¢ Propionic acid a:i?j e(lp:;;c;proplonlc * Sodium phosphate
e Ammonium fluoride e Butyric acid * Dodecyl sulfate g zo;a‘ssium phosphate
o Lithium acetate e Trifluoroacetic acid (TFA) (SDs) ? HmigeEtate
e Lithium formate (use sparingly) e Other long-chain * Tris, HEPES, MOPS
ion-pair reagents * Borate buffers
Use at low concentration s N
(£ 10 mM) = Non-volatile, Non-volatile,
. . Strongly .ret.atneid, causes high cause high
Use at low concentration .AdIU.St pH with ) Use at low concentration suppress ionization, background, ion background, ion
(<10 mM) formic acid or ammonium (0.1-1% v/v) cause high background, suppression, and suppression, and
hydroxide and source source source
epRmiton contamination contamination
3 08 = ®

. BEATREACICER TYPICAL STARTING CONCENTRATIONS
v - ¢ Use volatile salts, buffers and acids at the lowest concentration necessary.
v— ¢ Avoid non-volatile additives to minimize ion suppression, source contamination Acids: 0.1-1% (v/v)

and carryover. Salts / Buffers: < 10 mM
¢ Rinse the LC system when switching between incompatible additives.




Solvents Typically Used for HPLC in Electrospray (ESI) Experiments

Solvents for Reverse-Phase LC-ESI-MS

Volatile, MS-compatible solvents are preferred for optimal electrospray performance and minimal source contamination.

7= N o Vs
PREFERRED FOR LC-ESI-MS USE WITH CAUTION AVOID
Highly volatile and MS-friendly Acceptable in some cases Non-volatile, immiscible, or
but not ideal as primary solvents source-contaminating solvents
i & T T = 2N
SOLVENT NOTES / BENEFITS SOLVENT NOTES / CONCERNS SOLVENT REASON TO AVOID
§ | ‘l * Sometimes used for difficult |
@ Water (H,0) . :g:;yp:i::ws (T:;r:)hydrofuran == Hexane * Non-polar, immiscible
i p
» Higher chemical background NPT Withiwater
Acetonitrile (ACN) o Gold standard for O ! :::orms perox,'des SEaEs Heptane ¢ Non-polar, immiscible
LC-ESI-MS (o) [ = contarr'nnate SOUree P W o with water
H,C—C=N e Low viscosity, strong * Less MS-friendly than
eluting strength ACH R MeOH
[ . Cyclohexane ¢ Non-polar, immiscible
t » i
Methanol (MeOH) e Most common alternative ‘ heotons C?n be us'e.d Widtivase
to ACN ll (@] » High volatility
H,C—OH « Good MS compatibility | )]\ *Kiayincressebackgnund Mineral oils =%, * Non-volatile
‘ and reduce sensitivity e Causes heavy source
[ [ — contamination
Isopropanol (IPA) o Often added (5-30%) || Dimethyl sulfoxide = Acceptable as sample solvent
CH, o Improvesiretentionand || (DMSO0) (small injection volumes) Silicone oils I
peak shape for [|p|d5 and | (0] » Sometimes added at 1-5% CH3 CH3 /S
H;C—CH—OH i to improve ionization Y [ GVere source
3 hydrophobic compounds Il P! CH,—Si— O —Si—CH, AL
H,C— S— CH, * Not recommended as a major (llH CIH
\ mobile-phase solvent—difficult 2 £
Ethanol (EtOH) e Occasionally used ‘ to desolvate, can increase Other non-volatile ¢ Poor electrospray
k i s
H.C — CH.—OH o Greener alternative Gael gm‘:"s at:“lj colntammate organic solvents performance
8 2 I ES \ e Source contamination
\\ ~ Y, X S J
( = T T B e 5
BEST PRACTICES %ty GENERAL GUIDELINES (Starting Points) | KEY TAKEAWAY
—_— e Acetonitrile and water are the most widely used mobile phases. ® Aqueous phase: Water with volatile buffers/additives (s 10 mM) A 4 i
v | Use volatile, MS-compatible
v — ® Avoid non-volatile solvents and additives to minimize ion e Organic phase: ACN or MeOH (or combination with IPA/EtOH) | | ‘ @ ’ solvents for the best ESI
V — suppression, source contamination, and system downtime. e Typical organic content: 5-100% depending on method | performance and to keep
o Flush the LC system thoroughly when changing to an incompatible solvent. o Flow rate for ESI: ~ 0.2 = 1.0 mL/min (typical) L your source clean. )
B —— e —————— e ————— e . N s el B e T R e

ACN = Acetonitrile =~ MeOH = Methanol IPA = Isopropanol  EtOH = Ethanol THF = Tetrahydrofuran DMSO = Dimethyl sulfoxide




LC-MS/MS METHOD BASICS & PRACTICAL TIPS

Key Tips for Successful Separations & lonization

E] what s HpLc? EJ comMMON coLuMN CHEMISTRIES [E) MOBILE PHASES, ADDITIVES & LIBRARY SPECTRA Why add scid/buffer?
Start with C18 if unsure. Additives affect the ions you see. For library searching (e.g., NIST), £ PP STy ion in +ESI
HPLC = High Performance R R —— mismatched adducts can reduce match quality. deprotonation in —ESI)

Liquid Chromatography. * Improves peak shape and reproducibility

General purpose Mobile Phase A (Aq ) Mobile Phase B (Organic) T £ ¢
Originally "High Pressure C18 (0os) (n80% of methods) Modt verestie 9 « Formic acid is volatile, MS-compatible,
B - + Water + 0.1% formic acid (FA) « Acetonitrile + 0.1% formic acid leaves minimal residue
Liquid Chromatography"; ce Less retention Onpfor vey (ot o) et )
today the accepted £ 2 2
g ¥ Aromatics, or or Typical Concentrations
meaning is High Phenyl-Hexyl 3 5 ARernative selectivity
9 9  intoractions + Water + 0.1% acetic acid (AA) * Acetonitrile + 0.1% acetic acid « Formic acid: 0.05—0.2% (v/v)
Performance. " . Better for some i
Biphenyl Pharmaceuticals p el or or (0.1?6 is vvnost common)
HILIC Very polar compounds | High organie start * Water + 5-10 mM ammonium formate  « Acetonitrile + 5—10 mM . l‘\ce!-c Bk 0 0850 2% v/v)
or ammonium acetate ium formate or .2

2-10 mM (common range)

(partathuorcptany) POSItioNDl isomers, Unique selectivif
i : hdn:ummd i (Choose one additive and use it in both A & B)

Typical dimensions: 100-150 mm length « 2.1mm ID + 1.7-3 pm particles

n TYPICAL REVERSE-PHASE GRADIENT (EXAMPLE) B ADDITIVES, ADDUCTS & LIBRARY SPECTRA n FLOW RATE & ESI: DO | NEED TO SPLIT?
Very gradient for phar ticals and | analyses Additives affect the ions you see. For library searching (e.g., NIST), The ESI source can only efficiently handle a limited liquid flow.
5 mismatched adducts can reduce match quality. Excess flow reduces sensitivity and can cause unstable spray
Time (min) %A (Water) 98B (Acetonitrile) Purpose Gradient Profile (%B) and more contamination.
1 “m - el . o ~
0.0 95 5 Focus analytes Pooitive ESt (+£5)) Negative ESI (—ESl) Column ID T(yg:::'so' :;)' Comments
* 0.1% formic acid — f. H]* a
2.0 95 5 Equilibration formic aci favors [M+H] * Ammonium acetate/formate often )
T «8 « Ammonium formate/acetate —+ can favor improves [M—H]" formation and 2.1 mm 0.2 ~ 0.5 mL/min Ideal for LC-MS
15.0 5 95 Elute hydrophobic compounds .
501 [N, i (wnmoniam addiicy i 3.0 mm 0.3 - 0.7 mL/min Often OK without splitting
18.0 5 95 Column wash * Many NIST spectra are (M+H]*, not o Formic/acetic acid can also
| immonium adducts. = i Often split (10:1 to 50:1)
20.0 95 S Re-equilibration | - e work weil. 4.6 mm ( 2\-:")‘ 1?“'/“: /iy d) or use source designed
o * Use low concentrations (2-10 mM) if u split/diverte for high flow
25.0 95 5 Ready for next injection 5 & s iE 20 o using ammonium salts.
Time (min) Options if using 1.0 mL/min (e.g., 4.6 mm column):
Take-Home Message 1. Split the flow before the ESI source (common).
Why go high in organic? Key Points For general unknown ID and NIST library searching, start with: 2. Use a source or interface designed for high flow.
+ Ensures elution of very hydrophobic compounds * 95% water / 5% organic is very starting conditi A = water + 0.1% formic acid | B = acetonitrile + 0.1% formic acid 3. Divert high-flow solvent to waste except during the analyte window.
+ Cleans the column « Finish at 90-98% ic to elute I ined ds and clean column. Add ammonium buffers only if they improve chromatography or ionization 4. Better: switch to a 2.1 mm LC-MS column and run at 0.3-0.4 mL/min.
b4 9 L . 5
for your specific analytes.
+' Improves reproducibility * Do not exceed the column’s specifications; always re-equilibrate before next injection.
S The nitrogen di ion gas) helps solvent but does
+ Shortens run time . ?
8l PHASE COLLAPSE (GOING TO 100% WATER?) NOT o . Too much liquid = Hivity.
Older C18 columns could "dewet” or collapse when exposed to 100% aqueous mobile phase.
Modem columns are much improved.
ELECTROSPRAY IONIZATION (ESI) & ORGANIC CONTENT GOOD STARTING METHOD
a (FOR MANY COMPOUNDS) n BEST PRACTICES CHECKLIST m QUICK REFERENCE SUMMARY
* ESI works very well from mostly aqueous to mostly organic.  + Column: €18, 2.1 x 100 mm, 1.7-3 um Start with a C18 column for most analytes. Parameter Typical Recommendation
* Higher organic (S0—95% acetonitrile/methanol) often * Mobile Phase A:  Water + 0.1% formic acid Use water + 0.1% FA (A) and acetonitrile + 0.1% FA (B) as a universal starting point. Column C18, 2.1 x 100 mm, 1.7-3 pm
improves ESI efficiency: + Mobile Phase B:  Acetonitrile + 0.19% formic acid Keep the same additive in A and B. Mobile Phase A Water + 0.1% formic acid
— Lower surface tension — smaller droplets « Gradient: 95% — 5% A over 10-15 min (adjust) Use a gradient from high water to high organic (e.g., 5% — 95% B). Mobile Phase B Acetonitrile + 0.1% formic acid
~ Faster ion — better d i o Pl Rate: 0.2-0.5 mi/min (for 2.1 mm column) Go to 90-98% organic at the high end of the gradient. Gradient 953 —» 5% A over 10-15 min (adjust)
— Often higher signal and sensitivity o 1o Sources Electrospray (ES!) in + or — mode Use volatile acids or volatile ium buffers (avoid pi hate, citrate, sulfate, borate). Flow Rate (2.1 mm) 0.2 - 0.5 mL/min
N 5 ik o1 = 5 T
« Keep the same additive in A and B so ionizati < Tamparstire: 30-40 °C (typical) For library searching, prefer conditions that favor [M+H]* in +ESL. Flow Rate (4.6 mm) 0.8 ~ 1.0 mL/min (often split)
¢ % Use 2.1 mm columns and 0.2-0.5 mL/min flow for best ESI performance. lonization ESI (+ or = mode)
is stable across the gradient. + Injection Volume: 1-10 pL (typical)
Re-equilibrate the column before each injection. Additives Volatile acids or 2-10 mM ammonium buffers
Regularly clean the source (especially when using buffers or high flows). High Organic 90-98% B is common and safe for ESI

* SUMMARY: Use aC18 column, volatile additives, and a well-designed gradient. Match your flow rate to the ESI source.
Keep conditions simple and consistent for the best LC-MS/MS results and reliable library matching.

Y Start Simple — Then Optimize!




Both Positive and Negative lons Can Be Sampled into Mass Spec

Electrospray lonization (ESI) in LC-MS

Nebulizing Gas

(N,) Electrospray ions formation

Applied High Voltage
-2k to 5k Volts

Heated N, drying gas
(Desolvation gas)

Solvent Spray

from the HPLC \

to the MS analyzer

Process occurring at the molecular/ion level

1. Initial Droplet Formation 2. Solvent Evaporation 3. Rayleigh Limit Reached

Electrostatic repulsion
overcomes surface tension.

4. Coulombic Explosion 6. Gas-Phase lons

5. Further Evaporation
Solvent and analyte

are nebulized.

Droplet shrinks as
solvent evaporates.

Solvent continues to
evaporate.

Droplet breaks into many
smaller charged droplets.

Analyte ions and
neutrals enter MS.

_>@®

® e

®H —

® —» ®—o

o @ —
O@

O Neutral (desolvated) molecule ]




Typical Analyte lon Adducts

» MW of Compound of interest, M

» lons transferred from atmospheric to mass spec at high vacuum

» lons analyzed to give primarily molecular ion adduct

» Little if any fragmentation noted in first stage of mass spec analysis, “MS1”

Mode Adduct Exact Mass Da
Positive [M+H]+ 1.0073
Positive [M+H-H20]+ -17.0033
Positive [M+Na]+ 22.9892
Positive [M+K]+ 38.9632
Positive [M+NH4]+ 18.0338
Negative [M-H]- -1.0073
Negative [M+HCOOQO]- 44,9982
Negative | [M+CH3COOQO]- 59.0139




Example of MS1 Total lon Chromatogram and Mass Spectrum

» Total lon Chromatogram, TIC, of MS1

» Sums all the ions seen by mass spectrometer

» Essentially the molecular weight of the compound for singly charged compounds
» Response factors for compounds can vary widely

» Usually in positive ion, (M+H)*

x103F +ESI TIC Scan Frag=150.0V ForTox_TestMix_AMSMS.d

764"

74 )
= 5.456

6.6+ 5209

6l 8.308

56 7.395

it R —— vt

2534
1 1775
24
2.24
5] WM“MMWWWMA‘NH.%MM

02 04 08 08 1 12 14 16 18 2 22 24 26 28 3 32 34 136 13I8 4 42 44 46 48 5 52 54 585 58 6 62 64 66 68 7 T2 74 76 78 B 82 84
Counts vs. Acquisition Time (min)




MS1 Spectrum of Compound at Retention Time 5.21

» Usuallyz=1, so m/z =MW of compound + 1

» Somewhat like a microbalance for measuring weight!
» Mass accuracy often much better than +/- 5 ppm

» Note isotope ratios for 13C

2105 |+ES Sean (vt 51785 3650 man, 15 sewra) Frag=150000 ForTou_TestMin_ AMSMS d Subtract
¥ ; m/z 244.2058
13&:IL SN /
1125 M
1112 \
0ss
o Phencyclidine
i Precursor (M+H)*
e Precursor m/z 244.206 :
MW 243.1987
o8 i
ncln; C17H25N :'l, -:
: My E0 ¥ 2 X3 Is IS Ik & 8 M # @ @ ¥y xa M5 % 7 @ @S M0 M1 M2 M3 za.:.l zas-l 2:5| O T I I T TR T TR T

Counts ve. Mass-to-Chavge (mz)



Isotope and NIST26 XIC Analyzer

Element Isotope Exact Mass Natural_Abundance_Percent Isotope_Type
C 12C 12 98.93 monoisotopic / base isotope
C 13C 13.003355 1.07 M+1 isotope
H 1H 1.007825 99.9885 monoisotopic / base isotope
H 2H 2.014102 0.0115 M+1 isotope
N 14N 14.003074 99.63 monoisotopic / base isotope
N 15N 15.000109 0.37 M+1 isotope
0 160 15.994915 99.76 monoisotopic / base isotope
0 180 17.99916 0.2 M+2 isotope
Si 28Si 27.976927 92.223 monoisotopic / base isotope
Si 29Si 28.976495 4.685 M+1 isotope
Si 30Si 29.97377 3.092 M+2 isotope
S 32S 31.972071 94.99 monoisotopic / base isotope
S 33S 32.971459 0.75 M+1 isotope
S 34S 33.967867 4.25 M+2 isotope
Cl 35CI 34.968853 75.78 monoisotopic / base isotope
Cl 37Cl 36.965903 24.22 M+2 isotope
Br 79Br 78.918337 50.69 monoisotopic / base isotope
Br 81Br 80.916291 49.31 M+2 isotope

Phencyclidine
Precursor (M+H)*

Precursor m/z 244.206
MW 243.1987
C,,H 5N

o —

244 246 248

m/z



x10

1.1
1.05

0.95
0.9
0.85
0.8
0.75
0.7
0.65
0.6
0.55
054
0.454
04+
0,351
0.3+
0.25
0.2
0.15
0.1
0.05

MS1 Spectrum of Compound at Retention Time 8.31

NIST26 XIC Analyzer

BEEE e

Element Isotope Exact_Mass Natural_Abundance_Percent Isotope_Type
C 12C 12 98.93 monoisotopic / base isotope
C 13C 13.003355 1.07 M+1 isotope
cl 35CI 34.968853 75.78 monoisotopic / base isotope
Cl 37Cl 36.965903 24.22 M+2 isotope
+ES| Scan (rt: 8.267-8.348 min, & scans) Frag=150.0V ForTox_TestMix_AMSMS.d Subtract
(M+H)* |
o} N
m/z 285.07869 )
N 286 288
~ — m/z
Diazepam
Precursor (M+H)* C'
Precursor 285.0789
(M+Na)*
2 22 23 254 215 206 277 208 2/9 280 281 282 283 284 285 286 287 288 289 290 291 292 293 234 295 2965 297 298 299 300 301 302 303 304 305 306 307 308 30 301 32 313 34 315 306 37 318 39 30 31 3@ 33

Connts ve Mass-to-Charne (miz)




Examples of Very Distinct Presence of M+2 Elements in a Molecular lon
Very Obvious and Easily Found in Computer Search

. AL

cl Cl, Cly Br Bro Bry, cigr ClBr CiBrs

:

LLLLL L N

52 Sa Sl SEIE SEGI SEGIZ C”}CIEBT CIEEI'

Useful isotope combinations in mass spectrometry. Isotopes of other
atoms that are possibly associated must always be taken into account,

as 1s shown in the framed section
17

Link to Figure Showing Isotopes



http://cires1.colorado.edu/jimenez/CHEM-5181/Lect/Interp1_Intro_Elem.pdf

Why Mass Accuracy and Isotopic Fidelity Matter in MS1

In MS1, accurate mass and correct isotope pattern together confirm the elemental composition

and increase confidence in compound identification.

@

Accurate mass gets you close. Isotopic fidelity gets you confident.
In MS1, both are essential to confirm the right compound.

G e
1. High Mass Accuracy 2. High Isotopic Fidelity What This Enabl
: . ’ a IS Enables
Measured m/z matches theoretical + Measured isotope pattern matches theoretical
within a tight tolerance (e.g., < 5 ppm) in relative intensities and shape
, Correct
High Monoisotopic Peak (MS1) Isotopic Envelope (MS1) Elemental
100 1 ' 100 - 2e2
Confidence 00- %24 B Observed Composition
g e 500.1232 g M Theoretical
2 Theoretical > 1 Accurate mass supports
@ | G 2 :
Identity g sl ' é e ngh assignment of the
Confirned F A =0.4 ppm s Confidence correct elemental
k. kS . el formula.
K] K Compound identity
0 . A : . 0 “ = confirmed
499.6 499.8 500.0 500.2 500.4 500.123 501.126 502.129 503.132
m/z m/z
@ Observed mass matches theoretical mass @ Isotope pattern matches (intensity & shape) Fewer False
L P, Matches
( — T mi R High ed
1. Poor Mass Accuracy 2. Poor Isotopic Fidelity S
Measured m/z deviates beyond Measured isotope pattern does not match f“te'fe"ences from
tolerance (e.g., > 5 ppm) theoretical (different intensities and/or shape) isobaric compounds.
Monoisotopic Peak (MS1) Isotopic Envelope (MS1) -~ —
Low Confidence 2 193 ! g‘ﬁe‘:‘;‘; 500.1232 e 1905 B Observed \ Gissitai
. [ ‘E’, Theoretical ‘b' - B Theoretical -
Identity [ , z ‘ Confidence
Uncertain | =Ry A =13.6 ppm % ] Low Confidence Together, they provide
3 2 . .
‘ é § ! Compound identity robust evidence for
& § ! % . uncertain reliable identification.
499.6 499.8 500.0 500.2 500.4 500.123  501. 126 502 129 503 132
m/z
@ Mass outside tolerance - possible wrong formula @ Isotope pattern does not match




MS2 Spectrum of Compound at Retention Time 5.21

» Instrument detected major ion precursor ion in MS1 spectrum at 285.0785

» Automatically increased energy in gas collision cell to yield MS2 spectrum

» NIST26 uses MS1 accurate mass data plus MS2 data to search library and identify compounds

» NIST MS Interpreter Software can propose structures from fragments from data, part of structure in red
» MS Interpreter discussed in later section, instructive for learning interpretation skills

mfz [ ewactm/z [ Formula [ Tosz | tupe [ H Jrate Jrelrate Tion.rate Tppn EBED?BE
1 I:H}_ 220 1/2) | 228057453 [C14H11CN [C2H3ND [1.2Ring-dissociation [+1]72 | 54 [ 58 [07
i) Ty
) / \
\ ! 0 N
/ - .
| )
/ NN /
/ Nl I,
N y \ _
. _/
[
/ T
/s \
I/ \ !
[ | ,‘"
{ \ )
A\ S
S
\\’ A Cl
B+ \
Cl

Diazepam
Precursor (M+H)*
Precursor 285.0789
1540472 2570842 MW 284.07164
C,¢H.5CIN,O

49.0107 105.0335

302.0:

40 &0 120 160 200 240 280

(Text File) ForTox_TestMix_AMSMS 3324.3324. File'ForT ox_TestMip_AMSMS. mz




Additional Figure in Handout NOT Shown in Video

» Initially used only the latter paper (2024) in ChatGPT to understand the method

» Later, | used both papers and asked ChatGPT to include the conclusions from both papers
» Probably around 90% correct in first figure, but some changes were noted

» The next figure is the refined one

» The second figure is the original

Leading References:

Lam, H.; Deutsch, E. W.; Eddes, J. S.; Eng, J. K.; King, N.; Stein, S. E.; Aebersold, R.
Development and Validation of a Spectral Library Searching Method for Peptide
Identification from MS/MS. Proteomics 2007, 7, 655-667.

Wang, G.; Zhang, Z.; Liu, Y.; Burke, M. C.; Sheetlin, S. L.; Stein, S. E. An XIC-Centric Strategy
for Improved Identification and Quantification in Proteomic Data Analyses. J. Proteome Res.
2024, 23, 1571-1582.



Updated Figure

EXAMPLE COMPOUND

* 9 spectra of compound
identified as Diazepam
in XIC “bin" 472

e 559 XIC “bins” in the
analysis of this file

OY\ N
AN Q

Cl

Diazepam
Precursor (M+H)*
Precursor 285.0789
MW 284.07164
C,y6H13CIN,O

WHY USE AN XIC?
* Uses all MS1 scans across
the chromatographic peak
* Improves monoisotopic

precursor assignment

¢ Reduces incorrect
precursor selection

* Groups replicate MS/MS
spectra from the same
chr

graphic P t

* Improves confidence
before library searching

NIST26 Chromatogram Window: How Identifications Are Made

XIC-centric feature creation and validation followed by independent MS/MS spectral searching with NISTPeptide

XIC FEATURE CREATION &
PRECURSOR VALIDATION
(uses all MS1 scans)
Accurate precursor m/z
within user ppm window

Common chromatographic
peak (RT window / peak shape)
Z 2 " 3

P P it
across the XIC

cor

Charge state = 1

MS/MS spectra grouped into
one chromatographic feature

¥

Only MS/MS spectra that pass all
criteria are combined in the same
XIC bin (feature).

\

EACH MS/MS SPECTRUM SEARCHED INDEPENDENTLY -~ RESULTS FOR ALL 9 SPECTRA IN XIC BIN #472

Each of the 9 MS/MS spectra associated with the XIC is searched independently
using the NISTPeptide spectral search algorithm.
For each spectrum, NIST26 reports Score, Probability, Dot Product and related fields.

\ e XIC FEATURE (XIC BIN) ESTABLISHED - BIN #472

Nine MS/MS spectra pass the MS1 gate and are grouped in XIC Bin #472
as multiple measurements of the same chromatographic component.

Observed isotope envelope used to
validate the precursor ion across the XIC
Target monoisotopic m/z: 285.07861
zﬁ":ﬂ“' RT Apex: ~10.32 min  Charge: 1 Precursor type: [M+H]+
( B
2 e Scan # Rotontio.n Lime Monoisotopic m/z  Charge | All 9 spectra share:
.2 87.0765S ‘ L ) * same chromatographic
;":2 '“'m ‘ 472 3324 8.298183 285.078917 1 component
‘S - 472 3310 8.245533 285.078917 1
2 286.08123 * precursor m/z values
§ 0.6 ppm ‘ 472 3312 8.253150 285.078917 1 within £20 ppm
e 288.08126 472 3328 8.312733 285.078917 1 z
1.2 ppm \ * good isotope envelope
472 3340 8.356317 285.078917 1 scross thaiXiC
' 472 3342 8.364000 285.078917 1 Siake s
‘ C e state =
284 285 286 287 288 472 3357 8.407700 285.078917 1 =
m/z 472 3360 8.418817 285.078917 1
[ [ < %
MS1 isotope envelope ' ‘ Validates - ‘ 472 3378 8.475400 285.078917 1 ‘ Placed in XIC Bin #472.
(validates precursor m/z) precursor |

L )

Y,

# Scan (:;) (P:::':.d) Prob (u:: :«n DotProd A::“_d' Prec. m/z ':::' P::"'
1 3310 8.2455 482 99 482 663 1.85 285.0786 472 0.9999
2 3312 8.2531 658 100 658 761 4.19 285.0788 472 0.9999
Highest 3 3324 8.2982 904 100 904 917 57.10 285.0786 472 0.9999
[ SCORE "% 4 3328 8.3127 901 100 901 922 54.80 285.0780 472 0.9997
e 5 3340 8.3563 747 100 747 792 6.66 285.0792 472 0.9999
6 3342 8.3640 643 100 643 722 4.06 285.0782 472 0.9999
7 3357 8.4077 142 35 142 443 0.817 285.0786 472 0.9993
8 3360 8.4188 129 31 129 320 0.781 285.0791 472 0.9993
9 3378 8.4754 29 9 29 220 0.503 285.0811 472 0.9999
REPORTED IN CHROMATOGRAM WINDOW RESULTS TABLE (one row per XIC bin)
Only the Best Hit (highest SCORE) for the bin is reported in the Chromatogram Window.
XIC  RTApex Prec.m/z Prec.m/z AMass  lso. Lib ID Score Score Abund. Prec.
Num.  (min) (Exp.) (Theor.) (ppm)  Profile  (Compound) (Preferred) (Unfiltered) Rel.  Type >
472 1032 2850786 285.0785 +0.4 09999 Diazepam 904 100 904 917 5710 (M+H)+ Lc’“m

/ SCORE vs. DOT PRODUCT

* Dot Product measures spectral
similarity of fragment ion

Prec. . Lib ID intensities.
T (Compound)

L * Score is the preferred NIST
IMHHTFS|MSDIALVA: | <Diazepam ranking statistic and includes
[M+H])+  MS-DIAL v19 Diazep dditional spectral quality
[M+H)+ MoNALC-MS/MS Diazepam considerations (e.g., unmatched
A e N TCMENS. D peaks, missing expected peaks,
Qasty = S el spectral quality, weighting, etc.).
(M+H]+ MS-DIAL v19 Diazepam
[M+H]+  MS-DIAL v19 Diazepam
[M+H]+ MoNALC-MS/MS Diazepam Steve Stein recommends using
[M+H]+ MoNALC-MS/MS Diazepam ?EORE o :he b‘:t overnl
[M+H]+ MS-DIALV19  Diazepam iBrary quUeitysncicator. ||

( N
KEY POINTS (SUMMARY)
* MS1 data define chromatographic features (XIC bins).
* The XIC validates precursor m/z using the isotope
envelope rather than relying on a single MS1 scan.
Reported * Each associated MS/MS spectrum is searched
Best Hit independently with the NISTPeptide spectral
search algorithm.
* The highest NIST SCORE is reported as the Best Hit
for the XIC.




Original Figure

9 spectra of compound
identified as Diazepam
in XIC “bin” 472

559 XIC “bins” in the
analysis of this file

Cl

Diazepam
Precursor (M+H)*
Precursor 285.0789
MW 284.07164
C,H415CIN,O

NIST26 Chromatogram Window: How Identifications Are Made

MS1 accurate mass gates spectra into an XIC bin; the MS/MS Score selects the Best Hit

| S —

MS1 ACCURATE MASS GATING Example MS1 isotope cluster o XIC BIN #472 CREATED
(creates the XIC bin) (from your NIST26 output) Nine MS/MS spectra pass the MS1 gate and are grouped in XIC Bin #472
Target monoisotopic m/z: 285.07861 as multiple measurements of the same chromatographic component.
v Precursor m/z within #5011 ppm RT Apex: ~10.32 min Charge: 1 Precursor type: [M+H]+
user ppm window XIC RetentionTime : ) All 9 spectra share:
. Num Scan # (min) Monoisotopic m/z Charge X
v’ Same chromatographic : « same chromatographic
peak (RT window / 472 3324 8.298183 285.078917 1 component
peak shape) 472 3310 8.245533 285.078917 1 « precursor m/z values
472 3312 8.253150 285.078917 1 th e A 00 Spm
Good isoto| rofile w PP
v PER 472 3328 8.312733 285.078917 1 . di fil
v Ch o o oress good isotope profile
arge state = j+—0.4 ppm 472 3340 8.356317 285.078917 1
472 3342 8.364000 285.078917 1 e
+296.02222 0.6 pp
‘ 472 3357 8.407700 285.078917 1
Only spectra that pass the gate ! o055 el s o PP L 2350 it A 285078817 1 Placed in XIC Bin #472.
are combined inithe sama XIC:bih 34 286 288 472 3378 8.475400 285.078917 1
. L m/z )
—
e EACH SPECTRUM SEARCHED INDEPENDENTLY — RESULTS FOR ALL 9 SPECTRA IN XIC BIN #472 ( o
Each of the 9 MS/MS spectra in the bin is searched against the selected library database(s). Score vs. Dot Product
For each spectrum, NIST26 reports Score, Probability, Dot Product and related fields. » Dot Product measures spectral
r | e RT Score o Score e Abund. S Xic Iso. Prec. N Lib ID similarity of fragment ion
e (min) (Preferred) (Unfiltered) Rel. % Num. Profile Type (Compound) intensities.
1 3310 8.2455 482 99 482 663 1.85 285.0786 472 0.9999 [M+H]+ MS-DIAL v19 Diazepam * Score is the preferred NIST
_— 2 3312 82531 658 100 658 761 4.19 285.0788 472 0.9999  [M+H]+ MS-DIAL v19 Diazepam ranking statistic and includes
ighest additional spectral qualit
SCORE—> 3 3324  8.2982 904 100 904 917 57.10 285.0786 472 0.9999 [M+H]+ MoNA LC-MS/MS  Diazepam — deraﬁ:ns . gq unmyatche d
(Selected) 4 3328  8.3127 901 100 901 922 54.80 285.0780 472 0.9997  [M+H]+ MoNA LC-MS/MS  Diazepam peaks, missing expected peaks,
5 3340 8.3563 747 100 747 792 6.66 285.0792 472 0.9999 [M+H)+ MS-DIAL v19 Diazepam spectral quality, weighting, etc.).
6 3342 8.3640 643 100 643 722 4.06 285.0782 472 0.9999 (M+H]+ MS-DIAL v19 Diazepam 3
St Stei i
7 3357 8.4077 142 35 142 443 0.817 285.0786 472 09993  [M+H]+ MoNA LC-MS/MS  Diazepam Z :;:E :S":I:C::;"::e:a: e
8 3360 8.4188 129 31 129 320 0.781 285.0791 472 0.9993 [M+H]+ MoNA LC-MS/MS Diazepam library quality indicator.
9 3378 8.4754 29 9 29 220 0.503 285.0811 472 0.9999 [M+H]+ MS-DIAL v19 Diazepam
(
REPORTED IN CHROMATOGRAM WINDOW RESULTS TABLE (one row per XIC bin) | KEY POINTS (Summary)
Only the Best Hit (highest SCORE) for the bin is reported in the Chromatogram Window. | * MS1 accurate mass, retention behavior, peak shape, charge
state, and isotope profile act as gates for XIC binning.
Xic RT Apex Prec. m/z Prec. m/z A Mass Iso. Lib ID Score Prob Score DotProd Abund.  Prec. ub o | * Each accepted MS/MS spectrum is searched independently.
. . e |
SNGm: {min) (Exp.) (Theor.) (ppm). | Profile. | (Compound) | (Preferred) (Unfiltered) Rel. | Type - Be': it | * The highest SCORE, not necessarily the highest DotProd,
MoNA is reported as the Best Hit.
472 10.32 285.0786 285.0785 +0.4 0.9999 Diazepam 904 100 904 917 57.10 [M+H]+ LC-MS/MS ‘




MS2 spectra vary
from instrument to
instrument

The library must
contain many
different spectra
using different
collision energies
Diazepam has 48
reference spectra
obtained with a
variety of formats
By selecting Best Hit
approach for a
spectrum in XIC bin,
NIST found gave most
reliable search results
Results window
shown below for
Chromatogram
window

Reason for Best Hit Reporting in NIST26 for Library Searches

& NIST MS Search 4.0 (Tandem mode) - [ForTox_TestMix_AMSMS, MS/MS, nHits=100]
#iFile View Window Help

= ®?
[JReloadon Startup @ BestHits (JOnlyIDs  Highlight Score None  ~ Bkgd <=75% ~ [JFiterScores< 700 ~ Fixed ~  Ab.Threshold Auto v
Abundance TIC Name: ForTox_TestMix_AMSMS 3324.3324. File-'ForTox_TestMix
100 o 285.0785 MW: N/A ID##: 1927 DB: Text File
1001 Comment RTINSECONDS=497.891000 Parent-285.0786 Charge=
10 largest peaks:
285.0785 999.00 | 154.0412 181.50| 257.0842 177.57| 222.114¢
193.0881 92.82| 182.0365 5169| 1050335 2564| 91.053¢
| ges05 Synonyms:
no synonyms.
504
[
&
154.0412 257.0842|
— 4e+05
© 420348 105.0335 n “ 315.6230 373.2996 432.2193 487.9905
50 = H T ML | mr —
o 1050333 Name: Diazepam
o Precursor type: [M+H]+
& P 193.0834 N Instrument type: HCD
P 154.0416 2570837 Collision energy: NCE=50% 28eV
Precursor m/z 285.0789
Formula: C16H13CIN20
—| 2e+05 504 ~ — MW-: 284 Exact Mass: 284.07164 CAS#: 439-14-5 NIST# 1246412 Il
< Comment NIST Mass Spectrometry Data Center
° o Notes: C pectrum; mi in
lon mode: P
o Spectrum type: MS2
) Collision gas: N2
L e =] Instrument Thermo Finnigan Elite Orbitrap
o o [e] o & o o 100+ Sample inlet direct flow injection
o o ® go® @ © ¢§ o o o o o® en, @ 008 ¢ oMowwos @ELGo 80 o ; : : : : ; ization; ESI
) 3 2 rS 7 8 70 140 210 0 350 420 490 InChiKey: AAOVKJBEBIDNHE-UHFFFAOYSA-N Non-stereo
_ [aForTox_TestMix AMSMS 3|Head to 1ail MF=888 Dot=914[w% Diazepam 10 largest peaks:
RT/min Plot Expanded Head to Tail Side by Side Difference Subtraction
#  Scan RT Score Prob Score (Unfiltered) DotProd AbundRel. Prec.mfz XICNum. nSpec Prec. Type Dbs Lib ID
73 3090 75188 21 7 21 210 0255 2251462 494 2 [M+H-H20]+ 1 2-Pentenedioic acid, 2-octyl-
74 3089 75320 0 0 0 40 0.639 311.1996 610 2 [M+H]+ 25 Mestranol
75 3109 7.5851 0 0 0 31 0452 479.2243 639 2 [MeNH4]+ 1 Ethyl 4-{1-[(4-methyl-2-oxo-2h-chromen...
76 3132 7.6808 81 50 81 343 0648 158.1537 695 3 [M+H]+ 14 N'N-Dibutylformamide
77 3171 7.7801 1 18 1 76 0.193 3102029 563 1 [M-HJ+ 24 Nadolol
78 3221  7.9556 1 30 1 119 0551 282 2037 528 3 [M+H]+ 3 Scalusamide A
79 3219 7.9563 0 0 0 0 0.713 228.1954 400 4 NolD_228.20
80 3216  7.9631 0 0 0 7 0.991 250.1784 518 5 [M+H]+ 6 4'-Hydroxynonananilide
81 3235  7.9825 3 15 3 115 0330 2551585 507 2 [M+H-2H2... Tetradecanedioic acid, 5.6-dihydroxy-
82 3234  7.9857 2 23 2 81 0.639 328.2112 612 2 [M+H-H20]+ 14-((1-Carboxy-2-hydroxyethyl)amino)-... N
83 3250  8.0187 5 12 224 0256 225.1470 500 2 [M+H-H20]+ 1 2-Pentenedioic acid. 2-octyl- \
84 3278  8.129 0 0 0 0 0.282 316.1896 628 2 NolD_316.19
85 3282  8.1307 0 0 0 0 0220 276.1951 587 1 NolD_276.20 N
86 3271  8.1316 7 16 7 168 1.58 326.1953 553 4 [M«NH4]+ 2 Ugandensolide ~ —
87 3307  8.1330 0 0 0 17 1.76 325.1981 599 2 [M+H-H20]+ 1 (2E4E)-12-Hydroxy-13-(hydroxymethyl...
88 3288 81740 297 52 297 513 0778 2251954 496 3 [M-H]+ 17 1.3-Dicyclohexylurea
89 3300 82102 151 45 151 704 0549 387.1796 616 2 [M+H]+ 10 1.3:2.4-bis(3.4-dimethylbenzylidene)so...
90 3298  8.2121 180 67 180 431 0.671 409.1632 626 2 [M+Na]+ 10 1.3:2.4-bis(3.4-dimethylbenzylidene)so.
91 3315  8.2963 4 5 4 71 0.839 209.1546 501 3 [M+H-NH3]+ 7 1.2.2.6.6-Pentamethyl-4-piperidinyl acr... cl
92 3326 83054 0 0 0 62 0.392 427.1032 615 1 [M+H-H20]+ 3 Granaticin
93 3324 33056 888 56 888 914 689 285.0786 521 9 [M:H]+ 32 Diazepam
94 3314 8.3057 0 0 0 13 4.72 307.0624 504 5 [M+H]+ 7-Hydroxy-3-phenyl-2-(riflucromethyl)-...
95 3325  8.3066 0 0 0 0 0612 591.1351 414 2 NolD_591.14
96 3351  8.3880 1 13 1 95 0.197 213.1490 475 1 [M+H-H20]+ 25 Dodecanedioic acid
97 3399 85557 1 7 1 86 292 311.1849 559 5 [M+H]+ 1 6-{(E)-2.8-Dihydroxy-5.7-dimethylnon-5__.
98 3408  8.5617 39 38 39 216 0420 333.1701 514 2 [M+H]+ 1 N-(tert-Butyl)-6-ethoxy-N'-(4-nitropheny.
99 3400 85697 3 5 6 75 0.679 209.1567 649 3 [M+H-H20]+ 1 2(5H)-Furanone. 5-(7-hydroxy-6-methyl.
1. 3441 86409 29 18 29 297 141 309.2057 575 5 [M-Na]+ 12 2.5Di( ylperoxy)-2.5-di 3
b Search Cther Search Names Compare J Lbrarian a J




Agilent LC-MS/MS Acquisition Modes

Automated (Auto MS/MS) vs Targeted MS/MS

AUTOMATED (Auto MS/MS)

Data-Dependent Acquisition (DDA)

TARGETED MS/MS
(Scheduled Targeted Acquisition)

Intensity

Time

1. Full MS1 survey scan
(repeated continuously)

How precursors
are selected

Prior information
required

Best for

How it works

Advantages

Limitations

W bOEFOO

Agilent name

)

(Simplified)

sl

Key Takeaway

MS/MS of 1
5 ) ‘ R |
g (2] fg MS/MS of 2
o 1N
I e B e
MS/MS of 3
ll|1|| |||.|| Lol
nvz || L1
m/z

2. Instrument selects the most

abundant ions that meet criteria 3. MS/MS spectra acquired

automatically

Automatically by the instrument during the run based on
user-defined rules (e.g., intensity threshold, charge state,
dynamic exclusion, isotope rejection, Top N).

None. No prior run needed.

Unknowns, discovery, screening, impurity profiling,
metabolomics, structural elucidation.

Continuously cycles: MS1 survey scan — select ions —
acquire MS/MS — repeat throughout the LC run.

» No need to know what is in the sample
» Broad coverage of detectable compounds
» Good for finding unexpected components

MS/MS time is shared among many ions

Lower quality spectra for low-abundance compounds
Stochastic: may miss some ions

More variable between runs

Auto MS/MS
(Data-Dependent Acquisition, DDA)

Auto MS/MS (DDA):
“Tell me what is in the sample.”
The instrument decides which ions to fragment.

VS.

4.3-5.1 min

Intensity

W\

I 6.0-7.0 min

—

Time

1. Prior MS1 run used to
identify compounds and
retention times

How precursors
are selected

Prior information
required

Best for

How it works

00D G

Advantages

ke

Limitations

Agilent name

Targeted MS/MS:
“Tell me everything about these compounds.”
The analyst decides which ions to fragment.

Note: Both modes are available on Agilent LC/MS systems (e.g., 6400, 6500, 6545, 6550, 6600 series) using MassHunter software.

MS/MS of 303.232
Target List | | I Loy
L i Lot
Precursor (m/z) RT Window (min) £
= MS/MS of 417.108
303.232 20-28 ;E |
417.108 43-5.1 > = |.| I | I
589.270 6.0-7.0 MS/MS of 589.270
‘I ! I 1 l: L
m/z

2. User creates a list of precursor

3. MS/MS acquired only for
ions and retention time windows

the specified ions within
their time windows

Specified in advance by the user (m/z values) and detected
within defined retention time windows.

Yes. Typically from a previous MS1 run, standards,
literature, or a compound list.

Confirmation, quantitation, method development,
high-confidence identification.

During the run, MS/MS is performed only for the listed ions
within their scheduled retention time windows.

Higher quality MS/MS spectra

Better signal-to-noise and reproducibility
Consistent detection of target compounds
Ideal for libraries and confident identification

Requires prior knowledge or screening run
Will not detect unexpected compounds
Time windows must be well chosen

Targeted MS/MS
(Scheduled Targeted Acquisition)

Typical Workflow

Run LC-MS (MS1 only)

Identify major ions / peaks

Create target list with RT windows
Run Targeted MS/MS

e e



LC-MS/MS Acquisition Modes: Vendor Terminology Comparison

Data-Dependent (Automated) vs Targeted MS/MS

AUTOMATED (Instrument Decides) TARGETED (User Decides)
Data-Dependent Acquisition (DDA) Targeted MS/MS (Scheduled or Selected)
Instrument continuously chooses precursor ions User defines which precursor ions to monitor
during the LC run based on intensity and rules. and the retention time windows.
Manufacturer Automated (Data-Dependent) Mode Name Targeted Mode Name Notes / Comments
Ey : Agilent Auto MS/MS Targeted MS/MS @ “Auto MS/MS” is Agilent’s term for DDA.
Fratie: (Data-Dependent Acquisition, DDA) (Scheduled Targeted Acquisition) Targeting can be scheduled in time.
ThermoFisher Data Dependent Acquisition Targeted MS? @ Also called “Scheduled Targeted MS?”
SCIENTIFIC (DDA) (Targeted MS/MS) when using retention time windows.
™ Data Dependent Acquisition Targeted MS/MS Target list can be scheduled
WCﬂ'eI’S (DDA) (Scheduled) @ with retention time windows.
- Information Dependent Acquisition Targeted MS/MS @ IDA is SCIEX’s name for
SC I EX (IDA) (MRM-triggered MS/MS) data-dependent acquisition.
@ SHIMADZU ?Daéz)Dependent Acquisition Targeted MS/MS @ Targeting is performed using
tention ti indows.
(Also shown as Auto MS/MS in software) (Scheduled) RIS S
BRUKER Auto MS/MS Targeted MS/MS @ Targeted acquisition is scheduled
D (Data-Dependent Acquisition, DDA) (Scheduled) in time.
Automated (Data-Dependent) — Key Points Targeted — Key Points
* Instrument monitors MS1 survey scans. « User specifies precursor ions and retention time windows.
« Automatically selects the most abundant ions that meet i . X i
\iser defined oriteria. ¢ Instrument fragments only the listed ions during those times.

¢ Good for unknowns, discovery, and screening. * Provides higher quality MS/MS spectra and better sensitivity.
» May miss low-abundance compounds due to cycle time

s X » Best for confirmation, quantitation, and method development.
and dynamic exclusion.

'Q‘ Bottom Line: Different names, same concepts. Automated = Instrument chooses ions during the run. | Targeted = User defines which ions to fragment and when.

Note: Vendor terminology can vary slightly by instrument series and software version.



Both Have Collision Cells

Quadrupole
TOF:

Orbitrap:

Comparison of QTOF to Orbitrap LC-MS/MS Instrument

LC SYSTEM

| — lon Path
| === Reflected lon Path
& d

MASS SPECTROMETER (QTOF)

K 2

lon Mirror

DATA SYSTEM

Intensity

J:'.
@ Quad Mass Filter (Q1)

Collision Cell

'-f,'_,J_ 1-

m/z

=

Data Acquisition
& Analysis

THE LC-MS/MS (QTOF) PROCESS

L ]
1. SEPARATION 9.9  onzaton 3. SELECTION 4. FRAGMENTATION o',  5.TOFANAYSIS 6. DETECTION & DATA
memw) s 0:0 (Es)) = ‘m"““"“' =y l & ‘I ‘“‘"""c'" :: (High Resolution) e {Accurate Mass)
\ r
LC SYSTEM MASS SPECTROMETER (ORBITRAP) DATA SYSTEM
C-trap
G Segmented Quadrupole Ao HCD Cell
(Precursor lon Selection) and Transfer) (Fragmentation)
M1 I
[ 34 g
-+ Y p— -+ |
|
m/z
= Orbitrap Mass Analyzer
Sample Pump Column  UV/Diode Array % 1 A
DI 6 o Bieor (High Resolution Detection) \ -
@ Precursor lons Data Acquisition
& Analysis
@ Product lons (Fragments) = == lons injected to Orbitrap (off-axis detection) [
I N

THE LC-MS/MS (ORBITRAP) PROCESS

ZioNZATION @ Lsafcion R+ rccomunon 55, , s aowennon n«s« RESOLUTION
) (Segmented = & TRANSFER (HCD Cell) "*—
Quadeupole) W e ol o i ht Anstyzer)

1[1

7. DATA ACQUISITION
& ANALYSIS
(Accurate Mass)




Accurate Mass LC-MS/MS is More Complex and Expensive than Nominal Mass El GC-MS

El GC-MS (Electron lonization)

LC-MS/MS (Tandem MS)

@ Overall
<O Consideration

Simpler
One energy (70 eV) « One spectrum
Positive mode only ¢ Easier library matching

( o Electron lonization (El) 70 eV Electrospray lonization (ESI)
';I)n;at;on at a Standard Energy cos, o at Atmospheric Pressure
etho e @0 " .
from Solution
70 eV
Single Standard Energy ~ _ 70 eV Variable Collision Energies <t | e ::,V)
’ Fragmentation s Compound Dependent - DI | Y 20
Ener 70 ev J-g 1§, J [ A 1 30
ay 3 Different energies 24 . | 40
Same for all compounds | l ;
i) Lol produce different spectra I oal % 0 | 50
e == . E : m/z =
One El Reference Spectrum Many MS/MS Spectra ], CEWH
= E Reference Spectra | at 70 eV is Sufficient : e alBstemntEngigies g | | 12(())
= are Required 3 |
Needed One compound = E = é | | | i(())
One reference spectrum = 1| bJlE l One compound = | I ] 50
s l Many reference spectra ol et
m/z
R El is Typically Positive MS/MS Acquired in Positive
on Mode Posttive lonMode Only lon Mode Both Positive and lon Mode 4
Negative lon Modes Negative
| lon Mode
Sample State & Gas .Phase Analytes Jeoe HighVacuum Solution Analytes Atmospheric
Pressure at High Vacuum o o * (Gas Phase) at Atmospheric Pressure Pressure
(=105 = 1077 torr) (Liquid Phase)

More Complex
Many energies * Many spectra *+ Two ion modes
Solution at atmospheric pressure ¢« More variables
More challenging data interpretation

ﬁ LC-MS/MS provides far more information and selectivity but requires more optimization, many reference spectra,
and greater expertise for confident identification.




LC-MS/MS Accesses a Much Broader Chemical Universe than El GC-MS

Two Complementary Techniques Provide the Most Comprehensive Coverage

El GC-MS
Strengths

« Excellent for volatile and
semi-volatile compounds

« High chromatographic
resolution

+ Extensive spectral libraries
(NIST EI)

» Robust, reproducible,
well established

Limitations
+ Requires volatility
« Requires thermal stability
« Limited to lower molecular

weights (~ <500-700 Da
without derivatization)

« Positive ion mode only

Derivatization is often the key
to extending GC-MS coverage
(e.g., TMS, TBDMS, acetyl,

methyl, PFB, etc.)
OH (o]
-Si(CHg); —-COCH; —-OCH,

THE CHEMICAL UNIVERSE
LC-MS/MS

(Liquid Chromatography-Tandem MS)

Peptides s
Proteins Lipids

E diversity of nd
normous diversity of compounds % )

Accessible from solution at atmospheric pressure . __._~_~
Positive and negative ion modes
Variable collision energies

Oligonucleotides

HO.
OH
e

H

~
e
Ci Cl
S

DERIVATIZATION

\( Key Message:
A

Phospholipids

Natural Products

Environmental
Contaminants

Handles non-volatile,

thermally labile, LC-MS/MS
high molecular
weight and very Strengths

polar to non-polar
compounds

No volatility requirement

0
o-#—o-« No thermal degradation in source
P

Very wide range of polarities

Handles very large molecules

Nucleic acids e 5 (Complex Structures) (>800 Da to >100,000 Da
~ and beyond)
/ El GC'—MS N LN « Positive and negative
¥ A
(Electron lonization) \\ ‘ ion modes
/ \ MeO I'I'I
Glycosiiee / Volatile, semi-volatile, i ? « Structural information from
Carbohydrates / thermally stable compounds \\ Dilloe MS/MS at variable energies
W R ,’ Analyzed in the gas phase at high vacuum & Pharmaceuticals
Positive ion mode only * 70 eV NH Limitations

More complex optimization

Many more reference spectra
and conditions

Matrix effects / ion suppression

(e.g., silylation, \ (e.g., PFAS) ‘ f
acylation, methylation) FFFFFF s + More challenging data
: Fif FoERE S0 - .
Increases volatility interpretation
and thermal stability
= == Compounds amenable " \
e LT e : to both techniques Ideal for complex biological,
Derivatization greatly' expands the chemical space (often after derivatization SR utica i vinimeliinl
Soeatsllaly S for GC-MS) and natural product samples
) a e i
LC—-MS/MS spans a much larger chemical universe. Use both techniques together Typical Takeaway

GC-MS provides deep, high-quality coverage of a Best Strateqy;

substantial but more limited portion—greatly expanded
by derivatization.

for the most comprehensive
chemical coverage and confident
compound identification.

LC-MS/MS >> GC-MS in total accessible
compounds (by orders of magnitude),
while GC-MS excels for its targeted
domain with simpllicity and rich libraries.

|
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