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Typical Method Conditions: 1260 UHPLC 

UHPLC: Agilent 1260 Binary pump, well plate autosampler, thermostatted column 

compartment 

 

Column:    Agilent Zorbax Eclipse Plus C-18, 1.8 um, 2.1 mm x 50 mm 

Column temperature:  40°C 

Injection volume:  1 or 2 ul Oxytetracycline standard 

Autosampler  temp:  4 ºC  

Needle wash:  flushport (water:methanol 50:50), 3 seconds 

Mobile phase:  A = 0.05% Trifluoroacetic acid in H2O 

  B = 0.045% Trifluoroacetic acid in ACN 

Flow rate:   0.5ml/min 

Gradient:   Time (min) %B 

  0.00 10 

  7.50 50 

      

     

      



Impurity Analysis of Oxytetracycline and H20 

Stressed (30 min at 90 deg C) 

Oxytetracycline 

trade name: Terramycin 

C22H24N2O9 

460.148183 



Pos ESI LC/MS TIC and UV Chromatograms of 

Standard Oxytetracycline: 



Expanded TIC and UV Chromatograms of Standard 

Oxytetracycline: 



1st Step – Use MassHunter Qual software to find 

all components in the sample using the automated 

MFE (Molecular Feature Extraction) 

chromatographic deconvolution algorithm. 



Molecular Feature Extractor (MFE) 
Transforming Accurate MS Data to Chemical Information 

Raw data Background noise 

removed 

Individual m/z peaks 

grouped into isotope 

clusters 

Isotope 

clusters 

grouped into 

molecular 

features 

Identification, Quantification, Differential Analysis are performed on chemically qualified 

compound data 



Molecular Feature Extraction (MFE) 
Compound Finding Algorithm 

Data is processed by a proprietary 
feature-finding algorithm 

• Finds chromatographic peaks 

– Finds all ions that are related 

– Includes any adducts, such as Na+ or K+ 

– Includes isotopes A+1, A+2 for all 
adducts found… 

– Includes different charge states 

– Checks for dimers 

– Creates a compound spectra (ECC) 

• Sums all ion signals into one value (Feature 
with associated Volume) 

• Fully automated processing 

• Creates data file for export to MassHunter 

 



Molecular Feature Extracted (MFE) Component 

Chromatograms for Oxytetracycline Standard:  

59 components found initially 

 (not all related to API) 



Several filters are available to find API relevant 

impurities (Mass Defect, Common MS/MS 

Fragment, and MSMS Neutral Loss): 



Variation from Nominal Mass for Selected 

Elements 

H = 1.0078   F = 18.9984 

H+ = 1.0073    

O = 15.9949 

Br = 78.9183 

Cl  = 34.9689 

C12 H18 N O Br = 271.0572 

Si O3 C13 H28 = 280.1808 

 



How Mass Defect Allows Discovery of Related 

Components 
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2nd Step – Use Mass Defect Filter to eliminate 

compounds not related to structure/formula of API 



Molecular Feature Extracted Component 

Chromatograms for Oxytetracycline Standard  

Mass Defect Filtered:  

17 components found that  

are related to API, many of  

which co-elute with API. 



Note impurities hidden under API UV signal, all 

found by MassHunter MFE: 



3rd Step – Use Molecular Formula Generator (MFG) 

to propose elemental formula for all the 

compounds (“features”) related to API 



Molecular Formula Generation (MFG) Scoring  
Use All Available Information – Consolidated Format 

Monoisotopic mass 

(varies in ppm) 

Isotope spacing 

(varies in ppm) 

Isotope distribution 

(varies in %) 

Scoring based on 
Mass Match + 

Abund. Match + 

Spacing 

Match        = 

Overall Score 



Mass Defect Filtering yields high proportion of API 

related components. 



TIC and UV Chromatograms of H2O Stressed 

Oxytetracycline 



Molecular Feature Extracted and Mass Defect Filtered 

Component Chromatograms for Oxytetracycline (H2O 

Stressed) 



Dynamic Range for API (oxytetracycline) in 

Stressed Sample:  Area (V) = 32,008,508  

Very good match of 

observed (blue) to 

theoretical (red box) 

isotope pattern: 



Dynamic Range for Degradation Component at 

0.02% level in Stressed Sample:  Area (V) = 7,057 

0.02% of API 



Formula Generation (MFG) shows the efficiency of 

extracting related components from H2O stressed sample: 



4th Step – Now that a target list of impurities has 

been created, now acquire high-quality MS/MS 

spectra on just these compounds related to the 

API. 



API related components in H2O stressed sample 

can direct the MS/MS experiments: 



Components are exported automatically by RT and 

mass for high efficiency MS/MS: 



UV Chromatogram for for Oxytetracycline H2O 

Stressed from Auto MS/MS experiment 



Molecular Feature Extracted Component Chromatograms 

for Oxytetracycline H2O Stressed from Auto MS/MS 

experiment 



MS/MS data packet for API in H2O stressed sample with 

formulas assigned for precursor and fragments 



Precursor mass and isotope match for API in H2O 

stressed sample 



MS/MS data packet for component at 0.03% rel area of API 

in H2O stressed sample with formulas assigned for 

precursor and fragments: 



Precursor mass and isotope match for component 

at 0.03% rel area of API in H2O stressed sample 



Find by AutoMSMS components related by 

common neutral loss and or common fragment ion 



Find by AutoMSMS components related by 

common neutral loss 



5th Step – Use MS/MS spectra and MassHunter 

Molecular Structure Correlation (MSC) tool to 

propose structures. 



MS/MS structure assignment from MassHunter MSC 

(Molecular Structure Correlation) and Chemspider: 



Structures can also be assigned to MS/MS spectra from 

User directed databases (compendium of “Learned” 

proprietary structures). PCDL database in MassHunter: 



6th Step – Use MassHunter Mass Profiler (MP)  tool 

to compare any two LC/MS files. 



Untargeted approach based on MFE comparison 
Best approach for expected and unexpected metabolites, 

degradants, etc 

• Untargeted approach via comparison 

of MFE Compound lists 

• Sophisticated Sample-Control Comparison 

Algorithm based on Molecular Feature Extraction 

(MFE) allows more comprehensive detection of 

differences via exploitation of mass and RT 

resolution. 

 

 

 

 

 

Sample Control 

Cmpds Cmpds 

Potential Degradants 

Flagged  Degradants 

Flagged  Degradants 

MFE MFE 

Compare 

Confirm + identify 

Review + conclude 



Mass Profiler allows comparison of Std. (Blue) vs 

H2O stressed (Red) Oxytetracycline: 



Overlaps are components common to both 

samples: 



Mass Profiler can find components only found in 

H2O stressed sample (Red, degradants from API): 



Mass Profiler can schedule further MS/MS studies 

if needed: 



Entire Workflow is Automated with Simple 

Instructions 



Summary: 

 An example API was found to have 59 trace level impurities, 

of which 17 were related to the API structure. 

 Degradation of the API produced approx 60 impurities 

related to the API. 

 MassHunter software was utilized to find automatically the 

impurities (MFE), calculate elemental formulas (MFG), and 

possible structures (MSC). 

 Using MFE, impurities can be found that are not resolved by 

the LC separation. 

 Mass Profiler software allowed for easy sample 

comparisons. 

 The individual software steps can be linked together in a 

simple MH work list to automate the complete workflow. 

 



Additional Background Information: 



Agilent Products for Pharmaceutical Research: 

QQQ 

6400 Series 

TOF 

6200 series 
Infiniti  

1290 UHPLC 

Hi-DEF Q-TOF 

6500 series 

7000 GC-QQQ, 

5977 GC-SQ 

7200 GC-Q-TOF 

CE/MS 

Bravo/ 

Encore 

 

MassHunter 

Software 

SQ 6100 

Series 

Columns & Consumables 



1200 Infinity Series HPLC, UHPLC, SFC for MS:  
More workflow-automation and application-based solutions  

GPC 

SEC 

Preparative 

LC & LC/MS 

Nanoflow 

HPLC-Chip MS 

Isocratic  

LC 

Nano LC    

& Cap LC 

Analytical 

SFC 

Bio-inert 

HPLC 

Multi-method and 

Method Development 

High-throughput 

LC & LC/MS 
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Sample Introduction Choices for your Agilent LC/MS 

– More than just HPLC/UHPLC: 

HT SPE-MS Agilent 

RapidFire 

GC-APCI 

MS 

New multi-dim LC 

choices with valve 

automation: 



LC/MS Ion Sources – Many Choices 

•   Widest choice of sources 
   from any manufacturer 

– Electrospray (ESI) 

– Agilent JetStream ESI 

– Nanoelectrospray (nanoESI) 

– APCI 

– APPI 

– Dual ESI sources for TOF and Q-TOF 

•   Multimode Source 

– ESI and APCI combined  
in one source 

– Simultaneous operation 

•   HPLC-Chip/MS 

– Nanoelectrospray made easy 

– Reproducible results 

– Sample processing on chip 

• Most sources are interchangeable 
between MS platforms 

Ionize Almost Anything! 
APPI APMALDI 

APCI 

MultiMode 
Nano HPLC-Chip 

ESI NanoESI 

AJS-

ESI 


