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NIST26 MS Search Software for Accurate Mass LC-MS/MS

Overview
➢ Understanding process more difficult than EI GC-MS
➢ EI 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!

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





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



Solvents Typically Used for HPLC in Electrospray (ESI) Experiments





Both Positive and Negative Ions Can Be Sampled into Mass Spec



Mode Adduct Exact Mass Da
Positive [M+H]+ 1.0073
Positive [M+H-H2O]+ -17.0033
Positive [M+Na]+ 22.9892
Positive [M+K]+ 38.9632
Positive [M+NH4]+ 18.0338
Negative [M-H]- -1.0073
Negative [M+HCOO]- 44.9982
Negative [M+CH3COO]- 59.0139

Typical Analyte Ion Adducts

➢ MW of Compound of interest, M
➢ Ions transferred from atmospheric to mass spec at high vacuum
➢ Ions analyzed to give primarily molecular ion adduct
➢ Little if any fragmentation noted in first stage of mass spec analysis, “MS1”



Example of MS1 Total Ion Chromatogram and Mass Spectrum

➢ Total Ion 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)+



MS1 Spectrum of Compound at Retention Time 5.21

Phencyclidine
Precursor (M+H)+

Precursor m/z 244.206
MW 243.1987

C17H25N

➢ Usually z = 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

m/z 244.2058



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

O 16O 15.994915 99.76 monoisotopic / base isotope

O 18O 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 35Cl 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

Isotope and NIST26 XIC Analyzer

Phencyclidine
Precursor (M+H)+

Precursor m/z 244.206
MW 243.1987
C17H25N



Diazepam
Precursor (M+H)+

Precursor 285.0789
MW 284.07164
C16H13ClN2O

(M+Na)+

(M+H)+

NIST26 XIC Analyzer

MS1 Spectrum of Compound at Retention Time 8.31

m/z 285.07869



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

Link to Figure Showing Isotopes

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




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

Diazepam
Precursor (M+H)+

Precursor 285.0789
MW 284.07164
C16H13ClN2O



Additional Figure in Handout NOT Shown in Video

➢ Initially used only the latter paper (2024) in ChatGPT to understand the method
➢ Later, I 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



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

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

Diazepam
Precursor (M+H)+

Precursor 285.0789
MW 284.07164
C16H13ClN2O

Original Figure



Reason for Best Hit Reporting in NIST26 for Library Searches

➢ 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







Comparison of QTOF to Orbitrap LC-MS/MS Instrument

Quadrupole 
TOF:

Orbitrap:

Both Have Collision Cells



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