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Theoretical Understanding XICs (Extracted lon Chromatograms)

An extracted ion chromatogram (XIC) is one of the most fundamental tools in LC-MS analysis. At its simplest, an XIC tracks
the intensity of a specific m/z value over time, producing a chromatographic peak that represents the elution of a
compound from the LC.

Traditionally, XICs have been used primarily for quantitation—the peak area or height reflects the abundance of a
detected ion. In a typical workflow, an identification (from MS/MS) provides an m/z and retention time, and an XIC is then
extracted to measure its signal.

In the NIST26 MSMS MS/MS Chromatogram windos software—the XIC-centric approach described by Stein and co-
workers—reframes this role. Instead of treating XICs as a downstream product, the workflow becomes bidirectional:

» ldentification - XIC:

» Use m/z and RT to extract the chromatogram

» XIC = Identification validation:

> Full chromatographic peak (all MS1 scans) to confirm or correct the identification with their associated MS/MS
spectra

- This is a key conceptual shift: The XIC is not just a measurement—it is a data-rich representation of the ion itself.



More Detailed Understanding XICs used in New Chromatogram Window in NIST Search

In My Website Resources:
NIST LC-MS/MS Tandem Search - A New, XIC-Centric Approach

Chromatographic evidence validates, confirms, and improves identification

> Re a d Ste i n et. a/. p a p e r The 2026 NIST Tandem Mass Spectral Library & Search Software introduces a fundamentally new way to analyze LC-MS/MS data.
> Revi eW M S M S WO rkfl OW C re ate d by C h at G PT Traditional LC-MS/MS Workflow (One-Way) NIST LC-MS/MS XIC-Centric Workflow (Two-Way)
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Guanghui Wang,* Zheng Zhang, Yi Liu, Meghan C. Burke, Sergey L. Sheetlin, and Stephen E. Stein How the XIC-Centric Approach Improves Identification
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Practical Use of XICs used in New Chromatogram Window in NIST Search

Add some XIC Information to Properties Displayed

# Scan RT Score Score (Unfiltered) Abund Rel. Prec. mfz dPPM Prec. Type nSpec Iso.Profile Width
1 834 2.8621 600 600 154 209.1287 -1.0 [M+H]+ 7 1.0000 41
2 1117 38618 318 318 145 202.0433 0.0 [M+H]+ 4 1.0000 39

XIC Number — Sequence number of component XIC peak
nSpec — Number of MS2 spectra acquired for a component (XIC) peak

Iso.Profile — Degree of matching isotope peaks in a component peak (XIC)

Width — Width of component peak (XIC) in seconds

XIC Num.
9
7

Lib

hr_msms____
hr_msms____

Lib ID
Aminocarb
Thiabendazole



Turn off Best Hits on Top of Chromatogram Window

RN PR VL LLd NS B WIes Vs eenn

B! File View Window Hel|
B W=

B Reload on Startup [ Best Hits

Now You Will See All the MS2’s Library Searched, 158 in this case

{E] PRE-RELEASE NIST MS Search 4.0 (Any mode) - [Checkout_TestMix_AMSMS, MS/MS, nHits=158] /
! File View Window Help
BHE=E 7

B Reload on Startup [ BestHits [ JOnlyIDs  Highlight Score  Mone - Bkgd  <=75% ~ [ JFilterScores < 100  ~  Average

If you look at Aminocarb for XICs, will see 7 spec (nSpec) within the tolerance User set for analysis and the Library ID for
each from the search

# Scan RT Score Abund Rel. Prec. mfz Prob dPPM XIC Num_ nSpec Iso.Profile Width Prec. Type Lib Dbs LibID ©

1 209.1257 N S hr_msms_nist#2 Aminocarb %
2 821 2.8166 389 53.0 209.1280 98 24 9 7 1.0000 41 [M+H]+ hr_msms_nist#2 17 Aminocarb ]

3 834 28618 600 221 209.1287 100 -1.0 9 7 1.0000 41 [M+H]+ hr_msms_nisi#2 17 Aminocarb

4 848 29112 219 17.2 209.1289 76 -19 9 7 1.0000 41 [M+H]+ hr_msms_nist#2 17 Aminocarb

5 862 29644 74 405 209.1285 9 0.0 9 7 1.0000 41 [M+H]+ hr_msms_nist#2 17 Aminocarb

6 875 3.0141 43 354 209.1296 3 5.3 9 7 1.0000 4.1 [M+H]+ hr_msms_nist#2 17 Aminocarb

7 888 3.0640 40 341 209.1289 6 -19 9 7 1.0000 41 [M+H]+ hr_msms_nist#2 17 Aminocarb

When you select best hits, ONLY, the spectrum with highest score in this “XIC bin”
Thus, gets rid of replicates in results!

# Scan RT Score Abund Rel. Prec. mfz Prob dPPM XIC Num. nSpec Iso.Profile Width Prec. Type Lib Dbs LibID
1 2091287 d d . hr_msms_mist#2 Aminocarb
2 1117 3.8618 318 145 2020433 o4 0.0 7 4 1.0000 39 [M+H]+ hr_msms_nist##2 36 Thiabendazole
3 1198 4.1932 10 0.0146 2020432 4 05 8 2 0.9925 1.0 [M+H]+ hr_msms_nist##2 36 Thiabendazole
a4 1344 4 RRAQ n nniin 261 1762 n 120 18 1 n gans 192 IhA+HI1+ hr mams nict 28 Caricanradal



Library Hit Not Necessarily Same for Every Spectrum in XIC bin

When Best Hits checked, one with highest Score Displayed in List

NIST Could have averaged the spectra and searched the averaged spectrum for searching then
reporting

» However, their studies showed using one with highest score superior approach for reporting and
reporting

YV V

# Scan RT Score Abund.Rel. Prec. m/z Prob dPPM XIC Num. nSpec Iso.Profile Widith Prec. Type Lib Dbs LibID

262.1238 = . hr_msms_nist

16 1357 4.7387 233 46.8 2621173 83 50 12 9 1.0000 35 [M=+H]+ hr_msms_nist 18 Imazapyr
17 1370 47839 522 27 262.1194 99 -31 12 9 1.0000 35 [M+H]+ hr_msms_nist 18 Imazapyr
18 1384 48338 177 207 2621192 b2 23 12 9 1.0000 35 [M+H]+ hr_msms_nist 18 Imazapyr
19 13938 4.8870 45 318 2621187 8 04 12 9 1.0000 35 [M+H]+ hr_msms_nist 18 Imazapyr
20 1411 493638 1 316 2621211 4 103 12 9 09957 35 [M+NH4]+ hr_msms_nist#2 2 2-(2'-Fluoro[1.1-biphenyl]-4-yl)propancic acid
21 1419 49699 1 309 262.1158 6 10.7 12 9 1.0000 35 [M+H]+ hr_msms_nist 5 Gly-Trp
22 1435 5.0360 0 286 2621182 0 16.8 12 9 0.9983 35 [M+H]+ hr_msms_nist 4-([1.1"-Biphenyl]-4-yloxy)aniline
# Scan RT Score Abund.Rel. Prec. mfz Prob dPPM XIC Num. nSpec Iso.Profile Width Prec. Type Lib Dbs LibID

1 1117 3.8618 318 145 202.0433 54 -0.0 7 4 1.0000 39 [M+H]+ hr_msms_nist#2 36 Thiabendazole
2 1198 4.1932 10 0.0146 202.0432 4 0.5 8 2 0.9925 10 [M+H]+ hr_msms_nist#2 36 Thiabendazole
3 834 28621 600 154 209.1287 100 -1.0 9 7 1.0000 41 [M+H]+ hr_msms_nist##2 17 Aminocarb
4 9

hr_msms_nist

262.1194



Very Useful to Send to XIC Analyzer via “Right Clicking” the table entry or by selecting in TIC

0~ ;R W N

- - = O
N = o

Scan

1117
1198
1344
1370

1652
1923
2001
2017
2028
2075

Score
600

18

4 RT

Score Abund.Rel. dPFPM

Prec. mfz

XIC Num.

209.1287
38618 318 145 2020433 54 -0.0 7
4.1932 10 0.0146 202.0432 4 05 8
4.6649 0 0.0130 261.1762 0 18.0 18
47813 522 14.0 2621194 99 -31 12
57934 304 8.66 230.0069 94 0.0 2
5.7967 0 0.413 251.9891 0 18.3 13
6.7850 194 12.7 2290740 -09 26
7.0795 394 251 297.0556 98 -0.0 37
7.1496 2 216 311.0698 7 23 40
7.1758 54 0.607 202.0856 4 -1.0 51
7.3610 0 0.00579 2959967 0 1.7 28
Ly
Library Search
Library Search Options ©

Al

15

14

Spec List
Compare List
MS Interpreter

Properties -

r

XIC Analyzer Alt+X

nSpec

i T- I U N

NN I

Iso. Profile

1.0000
0.9925
0.9906
1.0000
1.0000
0.9961
1.0000
0.9999
0.8740
0.9992
0.5502

Width Prec. Type Lib

Dbs LibID

Library Search

Copy Selected Hits to Clipboard
Export Selected Hits to Text File

Show Selected

T

Properties

Library Search Options

Aminocarb
Thiabendazole
Thiabendazole

Spec List
Compare List
MS Interpreter

XIC Analyzer Alt+X

7F-tert-Butyl-5.6.7.8-tetrahydrc
Simazine
7-Nitronaphtho[1.2-d][1.2.3]c




XIC Analyzer for Aminocarb

#! XIC Analyzer - Spectra for XIC number 9, nSpec = 7 (Checkout_TestMix_AMSMS.mzML)
Help

scannum retention formula precursor_ty] monoisoto, cl
9 808 2.766817 CT11H16N [M-+H]+ 209.128454 1
209128454 I
2.861800 MeHE (209128454 1|
9 le48  [2011200 [CUIHIGN.. [MeHl- (209128454  [1 |
0 862 2064350 [CTIHIGN.. [MeHl- 209128454 |1 |
0 875 30MI150 [CTIHIGN.. [MeHl- 209128454 [1 |
0 883 3063050 [CTIHTGN.. [MeHl- 209128454 [1 |

apex RT area sin ad (%) #scans scans : iz oisolo

1987024 267e+03 4205757 |18.096056 0 200127850 0.992
2197600 743e+02 3732562 |26.154466 0 200129712 0.992
2687141 764e+02 2625156 142311311 0 209128773 0.992
2862121 6.39e+05 100.000000 | 2.375464 7 808, 821, 834 | 209.128688 0.999

3175990 |197e+03 2503074 (66389082 0 | |209.128034 |0.999

RT (min)

Fﬂm%&!ﬂ
<J>]

8 Isotope env.
[ Corrw/ XIC

[ Isolation win.

[ Adv. options




Information

Scan Numbers included in XIC bin specified by User Tolerance

Xic_primary  scannum

retention_tir formula precursor_ty] monoisotopic_mz charge

Isotope pattern observed versus

2766817 |CTTHI16N... 209.128454 1
9 821 2816633 | CTTHI6N.. |[M+H]+ 209.128454 1 theoretical and error

9 834 2861800 | CTTIHI6N.. |[M+H]+ 209.128454 1

9 848 2911200 | CTIHI6N.. |[M+H]+ 209.128454 1

9 862 2964350 | CTTIH16N.. |[M+H]+ 209.128454 1 w2, o

9 875 3.014150 |CTTHI6N... |[M+H]+ 209.128454 1

9 888 3.063950 |CTTHI6N... |[M+H]+ 209.128454 1

Scans grouped together to calculate area (used for relative abundance)

apex RT area sin bkgd (%) #scans scans ﬂ?znmsotopu correlation  group

1987024 |267e+03  |4.205757 |18.096056 |0 209.127859 0.992140 |1

2197690 | 743e+02 |3.732562 26.154466 |0 209.129712 0.992140 |1

2385535 | 156e+03 |4.674436 19.911944 |0 209.128534 0.994648 1 29 MR an

2687141 | 764e+02 2625156 42311311 |0 209.128773 0992140 |1 !L%‘M [P .
2.862121 |6.39e+05 | 100.000000 |2.375464 |7 808, 821, 834... | 209.128688 | 0.9999¢ 1 208 20 212
3175990 |197e+03 2593074 |66.389082 0 200.128034 0.995514 1 miz




Help for XIC Browser Window

£ XIC Analyzer
Can access by Keyboard F1 or Help on XIC Analyzer window A
XIC Analyzer

N a2 XIC Analyzer - Spectra for XIC number 9, nSpec = 7 (Checkout_TestMix_AMSMS.mzML)
Help MSI1 information underlying MS2 spectra

Xic_primary ~ scannum retention_tir formula precursor_ty] monaoisotopic_mz charge
2.766817 C11H16N... |[M+H]+ 209.128454
9 821 2.816633 CTTH1BN... [[M+HI+ 209.128454 1 g -
: o e
. “.‘:r 'W",'“ D
P
| G
| \ .
| o —_
7]

1. Title

# XIC Analyzer - Spectra for XIC number 5809, nSpec = 9 (2025-0405_18_p_OJ_MeOH_Met_Lumos_HCD20_mz80-1200_C18_CSH_30min_SuL.raw)

Summary: XIC#, number of MS2 spectra and file name

2. MS2 Spectra for current XIC

retention_tir formula precursor_type monoisotopic charge
C16H1406 | [M+H]+ 303.086315 |1
5809 8881 19.420741 C16H1406 | [M+H]+ 303.086315 |1
5809 8983 19.645385 C16H1406 |[M+H]+ 303.086315 1
19.672113  C16H1406 | [M+H]+ 303.086315 |1

EY.CW

Xc_pnmary  scannum

STV




XIC Analyzer especially good for confirming presence of compounds with significant isotopes such as
chlorine, bromine, sulfur, etc.

# Scan RT Score Abund Rel Prec. mfz Prob dPPM XIC Num. nSpec Iso.Profile Width Prec. Type Lib Dbs LibID

2001 7.0795 394 251 § 39 [M+H]+ hr_msms_nist 26 Imazalil

\
3

L

C
Cl 0_\:
MS1
16— Scan # 2003
RT (min) 7.0748
< >
14— 29?.%1 5 oo
2 Show
12 @ Isotope env.
' (] Corrwj XIC
[ Isolation win.
1—
E %03 ppm
~ 08— 1
e
<
06—
04—
0585
02— —06ppm 1.4 ppm
M'MG_S ppm 301.04399
294.92413 20727 £20939 L 1 83 pg{}gm
0 T T T B e S T o081 T - 1
292 294 296 298 300 302 304

m/z

Isotope



Background Setting Removing XICs with Useful Identities

Approach

For a few files, a background of a selected value, even 90, removes peaks of interest

This was not the case when “any” was selected

Suggest finding all with XICs = 0, then select, sort by abundance with highest at top

Step through to review to see if anything of interest

XIC analyzer is removing things with background= 0, nspec=1, XIC =0, ion profile = 0. width =0
None of these peaks can be sent to XIC analyzer, that option is grayed out

However, the peaks can have large abundance and high scores and should be considered

If background filter is selected, they will NOT be included in abundance calculations!

Pay careful attention to butterfly plot, other components in mix, sample history

Can always process by vendor’s software for further confirmation and then import to NIST search

VVVYVYVYVYVYVYYY

Why is this occurring?

» The peaks are usually single scans, and characterized as zero width

» This does not meet the criteria for XIC analyzer software to process

» Could indicate some parameter used in file acquisition was not set properly
» The program assigns all such peaks an XIC of O

» They are grouped together even if they have different precursor ions



To the right, is data
with XIC =0 ready to
be reviewed, Note
Critical Properties
Selected for Display!
Step through with up
and down arrows on
keyboard and review
the butterfly plot, can
also send to Lib Search
if necessary to see
other possibilities

If none of interest, can
use a hon-zero
background setting to
remove ALL of them
from results

NOTE this will also
remove their values for
abundance
calculations

In this case, one of the
peaks was 100 Relative
abundance and was a
good score!

€| PRE-RELEASE NIST MS Search 4.0 (Any mode) - [TESTMIX2_180504_MAS011_06_shortened, MS/MS, nSelectedHits=63]

[miFile View Window Help

Bl = %
@Rebad on Startup @ BestHits [JOnlylDs  Highlight Score Nome  ~ Bkgd  Any w [JFiter Scores < 100 ~ Average ~  Ab. Threshold Auto ~
\Abundance TIC
279.0931
100 @ 1004
219.0570
— 4e+08 507
86.8465 111.1169 138.6851 173.0517 2010466 |233.0727 263.0835
50— 770382 141.0094 | [
@ : 173.0507
JEE [o]
— 2e+08 ” \ 201.0456 279.0921
P-
50+ \
k] 1004 219.0561
0, | L oo B Foo B o @%@ o g \ o 4o . ‘ : ‘ : ‘ —=
3 4 5 6 7 8 9 10 1 0 120 150 180 210 240 270
: [ TESTMIXZ_180504_MASD1|Head to Tail MF=760 Dot=896[w Triphenylphosphine oxide
RT/min Head to Tail /i_Side by Si=_}, Difference J,_Subtraction
# Scan Score Score (Unfiltered) Abund Prec. mfz Prob dPPM XIC Num_ nSpec Iso_Profile Bkgd Max?Med Widith Prec. Type Lib Dbs LibID

RN R CNNTONY |

1168
1922
1858
1169
1912
1923
1924
855

1860

1 E 400
12 03

1861
2915
1173
1930
1187
859

1399
1883
678

1231
1928
1911
1863

172

258

0.645
0.438
0.308

325.1907
313.1907
279.0929
325.1907
203.1176
313.1907
203.1178
5562761
279.0929
462 2666
2762167
557.1790
276.2167
325.1907
1740913
325.1904
5562761
533.3247
279.0928
432 2796
325.1905
335.1727
279.0929
301.0749

100

100
27
100

O Do oo OooO0ODoDDOoOoDOoOooDODD o000 o=

22759
53105
4603.8
1996.3
10105
1404.7
803.6
2145
23132
1532
882
24939
539.7
5702
1878

76
3085
148.1
3180
2785
4835
1485
2032

hr_ msms_nist

[M+H]+ hr_msms_nist
[M+H]+ hr_msms_nist
[M+H]+ hr_msms_nist
[M+H]+ hr_msms_nist
[M+H]+ hr_msms_nist#3
[M+H]+ hr_msms_nist
[M+H]+ hr_msms_nis#3
[M+H]+ hr_msms_nist
[M+H]+ hr_msms_nist
[M+H-3H2 . hr_msms_nist
[M+H]+ hr_msms_nist
[M+Na]+ hr_msms_nist
[M+H]+ hr_msms_nist
[M+H]+ hr_msms_nist
[M+H-H20]+ hr_msms_nist
[M+H]+ hr_msms_nist
[M+H]+ hr_msms_nist
[M+H]+ hr_msms_nist
[M+NH4]+ hr_msms_nist#2
[M+H]+ hr_msms_nist
[M+H]+ hr_msms_nist
[M+H]+ hr_msms_nist

[M+H]+

hr_msms_nist

Triphenylphosphine oxide
6'-Methoxycinchonan-9-ol
Praziquantel
Triphenylphosphine oxide
6'-Methoxycinchonan-9-ol
(8)-1.2.3.6.7.11b-Hexahydro-4H-pyrazinc
Praziquantel
(S)-1.2.3.6.7.11b-Hexahydro-4H-pyrazinc
Leu-Enkephalin

Triphenylphosphine oxide

Taurocholic acid

Ametoctradin

Isosyringinoside

Ametoctradin

Quinine

2-(4-Morpholinyl)benzaldehyde
Quinidine

Leu-Enkephalin

NolD_533.32

Triphenylphosphine oxide
Nonaethylene glycol

Quinine

4-Chloromethandienone
Triphenylphosphine oxide
1.2-Cyclohexanedimethanel. 1.2-dimethz
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