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Review: Technology for Accurate Mass Analysis: TOF – LC/MS 

•Mass measurements accurate to several decimal places 

(rather than "nominal" or "unit" mass measurements  

of ± 0.1 Da), due to high resolution mass analyzer. 

•Most Common Uses: 

- Rapid selective and specific screening for target compounds 

- Confirmation of molecular formula for proposed compounds 

- Calculation of possible molecular formulae for unknowns 
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Definition of Mass accuracy (mass error) 
 

 

 

 

(1000.001-1000.000)/1000) x106 = 1 ppm 

  

Therefore: 0.001 Da (1 mDa) error  

@ MW 300 Da is approximately 3 ppm 
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mass error  

-0.0003 Da 

-1.06 ppm 



Specificity of narrow-mass EICs: locating compounds 
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TIC, spiked blood extract 

Alprazolam MH+ EIC 

width 50 ppm 

(309.0825 - 309.0979) 

Alprazolam MH+ EIC 

width 1 amu 

(308.6 – 309.6) 

(like quadrupole MS) 

TOF’s unique advantage over MS/MS: all-scan data allows 

retrospectively finding compounds not originally sought 



Agilent’s Solution for Impurity Profiling 

Data 

Analysis 
LC/MS 

Analysis 

Sample 

Preparation 

GC/MS 

Analysis 

Separations  

Quant QQQ 

Volatile 

Residues 

Non-Volatile 

Residues TOF/QTOF 

Impurity  

Profiling 

Targeted 

Non-Targeted 

Data 

Analysis 

Objective:   Detect low-level Organic Impurities in Drugs: Tablets,  

         Capsules, Suspension, Transdermal, Meter Does Inhalers (MDI)  
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The LCMS Impurity Profiling Unknown Workflow 

Identify 

Unknown 

Impurity 

Impurity ID  

Q(TOF) 
 Control/Sample (3x) 

RT, MW, Formulas 

Mass Hunter 

MFE 

Mass Profiler ID  

Unique Features 

RT and MW 

Import 

Targeted  

MS/MS List 

RRLC MS/MS 

ID Structures 

MS/MS  

UHPLC 

Separations 

Identification 

Formula (MFG) 

 PCDL 
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Agilent Suite of MassHunter Products 

Qual Quant 

Mass Profiler MetID 
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What, How Many, How Much, In What 
 Information Needed to Optimize Analyses 

• What are you trying to detect 

– Compound Class, Polarity, Solubility, Ionization Methods 

• How Many Compounds 
– LC Separations (C18, ANP), Mobile Phases-Buffers, Ion Suppression, 

Matching LC and MS Peak Widths 

• How Much and Over What Range 
– Trace level detection (LOD/LOQ) vs. Impurities 

– Wide Dynamic Range – Extended Dynamic Range Model 

– Co-eluting low molecular weight analytes – High Resolution Mode 

• In What Matrix 
– Complexity of Matrix, Major Components, Ion Suppression, Salts 

– Co-eluting components – what instrument state to use 
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The Match Game…. 
Choosing The Mass Spectrometer for the Task 

Sensitivity, Selectivity, Identification.. 

Unknown Identification 

Accurate Mass MS, MSMS  

MS/MS Sensitivity 

Unknown Identification 

Accurate Mass MS 
Target Analysis 

Enhanced Sensitivity by MS/MS 

6490 QQQ 
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Find Compounds Functions in MassHunter Qual 

“Naïve” “Targeted” 

Find by Molecular Feature (MFE) 
Find by Formula/ Ion 

        FBF & FBI 
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2 Data Processing Approaches using 

Peak Picking Algorithms 

• Find by Formula 

• Find by Molecular Feature 



Data Processing Approaches 

Approach 1: 

 

1. Run Find by Formula 

2. Advantage: no threshold setting allows data to be extracted from the “grass” 

3. Disadvantage: will only show results for compounds in a compound database or 

specified 



Data Processing Approaches 

Approach 2: 
 

1. Run Find Compounds by Molecular Feature Extractor 

2. Search PCD for matching compounds 

3. Run Generate Formulas from Compounds for unknowns 

4. Advantage: will show information for unknowns 

 



Molecular Feature Extractor (MFE) 
Transforming Data to Chemical Information 

Identification, Quantification, Differential Analysis are performed on chemically qualified compound data 

Raw data Background noise 

removed 

Individual m/z peaks 

grouped into isotope 

clusters 

Isotope 

clusters 

grouped into 

molecular 

features 

• Looks at Mass spectral data first → Groups co-eluting isotopes & converts to neutral mass 

• Checks that there is a chromatographic response 

• Groups all charge states, adducts, etc. associated with a given feature into a “peak volume” 

• Feature consists of an accurate neutral mass, a retention time, and a peak volume 
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Molecular Feature Extraction (MFE):  

Proprietary Peak Finding Algorithm 

Monoisotopic mass 

(varies in ppm) 

Isotope spacing 

(varies in ppm) 

Isotope distribution 

(varies in %) 

Scoring based on 



Approach 1: 

Find by Formula 

(FbF) 



Targeted Screening Criteria for Method  

Compound is "found" if: 

• Retention time is within ±0.15 minutes of standard 
(typical match within < 0.05 min) 

• Mass error for adduct is within ±15 ppm of theoretical 
(most are < 5 ppm) 

• Target compound Score is > 50/100 

– Combination of retention time match, mass matches and 
isotope abundance match 

– Weighting for isotope match and abundance can be adjusted to 
compensate for chemical interferences with low-abundance 
isotopes if overly affecting Score 
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Find Compounds by Formula (FBF) 
Target Compounds Adducts, Dimers, Trimers 



Find Compounds by Formula Parameters 

1. Formulas Separated by Commas 

2. CEF File Format 

3. Databases (Custom CSV/Metlin) 

4. Import from Worklist 

 In Acquisition Worklist  

 Add Neutral Formulas Imported  

 

 



Find Compounds by Formula Parameters 

Pre-Specify  Adducts 

Mass and RT Matching Criteria 

Check “Electron” to find Quaternary 

Amines 



Qualitative Analysis Water Extracts: TIC + 



Qualitative Analysis Water Extracts: FbF 

1. Load data file into Mass Hunter 

2. Follow the Find by Formula workflow 



Qualitative Analysis: FBF 

3 

4 

5 



Qualitative Analysis: FBF 

6 

7 
Press 

Play! 



Qualitative Analysis FBF Results: Water Extracts 

Overlaid EIC’s of Compounds of Interest 



Approach 2: 

Molecular Feature 

Extractor 

(MFE) 



The Workflow: Automated Data Mining Tools 
 

MassHunter  Molecular Feature Extraction 
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Qualitative Analysis Water Extracts: MFE 

1. Load data file into Mass Hunter 

2. Follow the Find by Molecular Feature workflow 



Qualitative Analysis Water Extracts: MFE 

Ability to add more adducts 



Qualitative Analysis Water Extracts: MFE 

Press 

Play! 



Qualitative Analysis MFE Results: Water Extracts 

Overlaid Extracted Compound Chromatograms of Compounds resulting 
from the parameters set in MFE peak picking algorithm 

28 Compounds Found 

Next step: Generate formulae from compounds 



Qualitative Analysis: Generate Formulae from MFE 
Results 

Follow the Generate Formulas workflow 



Qualitative Analysis: Generate Formulae from MFE 
Results 



Qualitative Analysis: Formula Generation Results 



Qualitative Analysis: Formula Generation Results 

Identifies isomers as separate entities due to different retention times 



Typical Target Compound Screening Result 
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Narrow-mass EIC for compound m/z 

Spectrum with overlaid structure,  

theoretical isotope abundance 

pattern 

Text Result and Figures of Merit 

MDMA, from 25 ng/mL 



XIC of +TOF MS: 300.0 to 300.2 amu Max. 6.9e5 cps. 

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 
Time, min 

0.0 

1.0e5 

2.0e5 

3.0e5 

4.0e5 

5.0e5 

6.0e5 

6.9e5 3.81 

3.37 Hydrocodone Codeine 

m/z, amu 
m/z, amu 

 +TOF MS: 3.786 to 3.844 min . 

299.0 299.8 300.6 301.4 302.2 

4.0e4 

8.0e4 

1.0e5 

1.4e5 

1.8e5 

2.2e5 

2.6e5 

3.0e5 

3.4e5 300.1595 

301.1634 

 +TOF MS: 3.363 to 3.401 min 

299.0 300.0 301.0 302.0 

4.0e4 

8.0e4 

1.2e5 

1.6e5 

1.8e5 

2.2e5 

2.6e5 

3.0e5 

3.4e5 

3.7e5 

300.1595 

301.1633 
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Chromatography still matters: 

Identification of isobaric compounds C18H21NO3 

Spectra are identical; 

Can only distinguish by RT 



Personal Compound Database (PCDL)  

•Fully integrated Agilent solution 

•METLIN Metabolite-specific 

database content 

•Contains over 25,000 compounds 

•Includes 8,000 lipids 

•Manual and batch searches 

•Query based on monoisotopic mass, 

formula, name or  retention time  

•Build customized database using 

your own compounds and assign 

retention time 

 

Optional accurate mass & 

retention time (AMRT) database 

based on the analysis of 

hundreds of standards 
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PCDL Manager B.04 

• Newest version automatically converts 

previous PCDL’s to B.04 format, 

saves original as [filename].cdb.bk 

backup 

• Includes ability to use Agilent QTOF 

MS/MS PCDL database/libraries, or to 

add user spectra to custom cdb. 

• Easier to make custom databases 

with “Create subset PCDL” 

1. Search and select entries 

2. R-click in listing,  

select Create (to make new cdb) or  

Append to (existing) PCDL.  

 

39 



MassHunter PCDL: AMRT Database for Forensics 
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Structure 

Compound class 

Searchable fields 

Molecular formula Ret time 

Approximately 

7600 drugs, 

metabolites, 

potentially toxic 

chemicals 



Create Custom PCDL 

Create new PCDL 
from empty 

Or create from a 
master 

Name the custom 
PCDL 

1 

2 



Export Compound List to Excel 

After data analysis using Find by Formula with Database search or MFE / MFG  



Insert the exported data into 
a template formatted for 

importing into PCDL 
Not intuitive…  

Compounds

Formula Retention TimeMass Compound NameCAS Notes

C20 H42 O11 10.303 458.2728 12

C24 H44 N4 O412.303 452.3363 13

C26 H47 N5 22.967 429.384 33

C27 H49 N 23.041 387.3872 34

C11 H26 N2 O1221.828 378.1481 27

C16 H34 O9 9.116 370.2207 10

C23 H48 N2 O 22.909 368.3776 32

C14 H26 O10 8.68 354.1528 9

C14 H30 O8 8.383 326.1942 8

C20 H10 N2 O320.354 326.0712 22

C18 H29 N O4 21.829 323.2101 29

C18 H18 O5 19.193 314.1157 20

C19 H20 O4 21.64 312.1367 25

C12 H22 O9 7.845 310.1268 7

C12 H24 O8 7.68 296.1475 6

C19 H41 N 21.593 283.3243 24

C12 H26 O7 7.524 282.1683 5

C16 H22 O4 21.83 278.1526 30

C16 H22 O4 21.585 278.1523 23

C12 H12 N6 O2 17.43 272.103 18

C10 H18 O8 6.805 266.1004 4

C13 H16 N6 22.577 256.1449 31

C10 H20 O7 6.634 252.1211 3

C14 H18 O4 19.46 250.1208 21

C11 H12 N6 O 17.364 244.1073 17

C10 H8 N6 O2 16.799 244.072 16

C10 H22 O6 6.484 238.1418 2

C14 H31 N O 18.764 229.2408 19

C12 H12 O3 21.828 204.0791 26

C9 H18 O4 14.647 190.1207 15

C8 H18 O3 12.931 162.1257 14

C8 H4 O3 21.828 148.0163 28

Template for Import into PCDL  

Note: PCDL contains 
mass not m/z! 



Import Compounds into PCDL  

3 

4 



View and Edit Compounds in PCDL  

!!! If quaternary 
salt it must be 

noted as such !!! 
Click cation radio 

button to make this 
identification 



Personal Databases Cut/Paste to Template 
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Import Compounds into New PCDL Database 



Frequently Asked Questions 

1. What criteria do labs typically use to call a positive using this methodology? 
Typical criteria are: Score ≥ 70, mass error ≤ 12 ppm, RT difference ≤ 0.12 min 
 
Crashed serum has good hits that can have Scores in the 50-70 range due to chemical 
interferences with the isotopes. You can lower the effect of isotopes using Match Scoring 
section of the Qual method, but you are just artificially adjusting your Scores upwards by 
doing that. We have seen mass errors > 15 ppm for a few true positive compounds in 
particular samples. 
  
Labs with better sample cleanup (SPE, LLE, TOXI-TUBES) typically have Scores in the 80-
90 range and mass errors < 10 ppm. 
 
Typical RT differences are 0.02-0.05 minutes. Values larger than those lower the Score, call 
the identification into question, or may indicate an LC or mobile phase problem. The RT 
Match Tolerance in the method must be sufficiently small to differentiate any close-eluting 
isobars such as codeine/hydrocodone (UT State Health Dept uses 0.1min rather than 0.12) 
 
Part of your method validation must include: 
- establishing what the positive identification criteria will be for your SOP. 
 
- establishing the variation in Score, mass error and RT difference for replicate preps on 
multiple days at the cutoff and 50% of the cutoff for each drug. Running fortified samples at 
50% of the desired cutoff will help establish your identification criteria and something like an 
LOD for this screen. 
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2. Can you somehow import Qual results into MassHunter Quant to facilitate 

accurate-mass Quant method setup? 

 

The most important feature is importing FbF compound information (name, 

EIC m/z, RT) from results exported as a .cef file (rather than .csv). This takes 

the place of typing in information into Quant for each compound. 

This release had not been sufficiently tested or documented to cover its use 

during this meeting. The export/import process and new Quant features will 

be covered during the next TOF Drugscreen User meeting in (approximately) 

February 2013. 
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Frequently Asked Questions 


