
 
 

 
 
 
 
 

Agilent 6400 Series QQQ LC/MS Techniques and 
Operation 

Course Number R1893A 
Volume I 

Student  Manual  
 
 
 
 

 
 
 
 

 
 
 



 
 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Data Acquisition B.02.01; Qual B.02 SP3; Quant B.03.02 
Printed in August, 2009 

Agilent 6400 Series QQQ LC/MS 
Techniques and Operation 

 
 

Course Number R1893A 
Volume I 

Student Manual  
 
 



ii 

Notice 
The information contained in this document is subject to change without notice. 

Agilent Technologies makes no warranty of any kind with regard to this material, including 
but not limited to the implied warranties of merchantability and fitness for a particular 
purpose. 

Agilent Technologies shall not be liable for errors contained herein or for incidental, or 
consequential damages in connection with the furnishing, performance, or use of this 
material. 

No part of this document may be photocopied or reproduced, or translated to another 
program language without the prior written consent of Agilent Technologies, Inc. 

 
Agilent Technologies, Inc 
3750 Brookside Pkwy 
Suite 100 
Alpharetta, GA  30022 

 

 

 

 

 

 

 

 

 

 

 

 2009 by Agilent Technologies, Inc. 

All rights reserved 

Printed in the United States of America 

 

 
  



 

iii 

Table of Contents 

TRIPLE QUADRUPOLE (QQQ) PRINCIPLES .............................................................................................. 1 

In This Section ...................................................................................................................... 2 

Mass Analysis Basics ............................................................................................................ 3 

Mass-to-Charge Ratio ........................................................................................................... 4 

Performance Characteristics of Mass Analyzers .................................................................. 5 

Accuracy ............................................................................................................................... 6 

Quadrupole Operation ........................................................................................................... 7 

Quadrupole Mass Filter......................................................................................................... 8 

SIM and Scan ...................................................................................................................... 11 

QQQ vs. other LC/MS Techniques ..................................................................................... 12 

Performance Characteristics of Mass Analyzers ................................................................ 13 

Tandem Mass Analysis ....................................................................................................... 14 

CID ...................................................................................................................................... 16 

Tandem Mass Analysis ....................................................................................................... 18 

Tandem MS in Space .......................................................................................................... 20 

MS2 Scan ............................................................................................................................ 22 

Product Ion Scan ................................................................................................................. 23 

Precursor Ion Scan .............................................................................................................. 24 

Neutral Loss Scan ............................................................................................................... 25 

Single Reaction Monitoring ................................................................................................ 26 

Multiple Reaction Monitoring ............................................................................................ 27 

QQQ Applications .............................................................................................................. 29 

AGILENT LC/MS QQQ HARDWARE OVERVIEW ................................................................................... 31 

In This Section .................................................................................................................... 32 

QQQ Specifications ............................................................................................................ 33 

QQQ System Diagram ........................................................................................................ 34 

Ion Sources.......................................................................................................................... 36 

Ion Optics ............................................................................................................................ 38 

Capillary .............................................................................................................................. 39 

Octopole Ion Guide ............................................................................................................. 42 

MS1 ..................................................................................................................................... 46 

Collision Cell ...................................................................................................................... 48 



iv 

MS2 ..................................................................................................................................... 53 

HED .................................................................................................................................... 54 

Vacuum System .................................................................................................................. 57 

MassHunter WorkStation.................................................................................................... 63 

Compliance Software - Optional ........................................................................................ 65 

IONIZATION SOURCES AND JET STREAM TECHNOLOGY ................................................................ 67 

In This Section .................................................................................................................... 68 

QQQ Ion Sources ................................................................................................................ 69 

LC/MS Techniques ............................................................................................................. 70 

Electrospray ........................................................................................................................ 71 

Electrospray Ion Suppression ............................................................................................. 82 

ESI with Jet Stream Technology......................................................................................... 89 

APCI ................................................................................................................................... 96 

Multimode ......................................................................................................................... 103 

HPLC-Chip Cube .............................................................................................................. 111 

HPLC-Chip MS – Acquisition Software .......................................................................... 114 

APPI .................................................................................................................................. 115 

Laboratory ......................................................................................................................... 120 

AGILENT TRIPLE QUADRUPOLE TUNING ............................................................................................ 121 

In This Section .................................................................................................................. 122 

QQQ Tuning ..................................................................................................................... 123 

QQQ Checktune ................................................................................................................ 136 

QQQ Autotune .................................................................................................................. 143 

QQQ Tuning ..................................................................................................................... 159 

Tune Troubleshooting ....................................................................................................... 160 

Multimode Source QQQ Tuning ...................................................................................... 164 

Manual Tuning .................................................................................................................. 165 

Agilent 6460 Tuning ......................................................................................................... 166 

LABORATORY EXERCISE: AGILENT QQQ ROUTINE MAINTENANCE AND TUNING .............. 181 

Preparation: ....................................................................................................................... 182 

Checktune and Autotune ................................................................................................... 183 

Routine Maintenance Checklist ........................................................................................ 184 

IMPORTANT HPLC TIPS AND MAINTENANCE .................................................................................... 189 



 

v 

In This Section .................................................................................................................. 190 

Fittings .............................................................................................................................. 191 

Capillaries ......................................................................................................................... 193 

Extra-Column Volume ...................................................................................................... 194 

General Agilent 1200 Recommendations ......................................................................... 195 

Solvent Preparations ......................................................................................................... 198 

Cleaning the HPLC ........................................................................................................... 202 

Solvent Miscibility ............................................................................................................ 204 

Solvent Preparations ......................................................................................................... 205 

Keys to Success................................................................................................................. 207 

Solvent Compressibility .................................................................................................... 208 

Preparing the HPLC .......................................................................................................... 210 

Sample Preparation ........................................................................................................... 211 

HPLC Columns ................................................................................................................. 217 

Agilent 1200 HPLC Maintenance Areas .......................................................................... 220 

Recommended Tests ......................................................................................................... 222 

Pump Maintenance ............................................................................................................ 223 

Is My Pump Well? ............................................................................................................ 226 

Autosampler Maintenance ................................................................................................ 227 

Thermostatted Column Compartment ............................................................................... 230 

Pressure Problems ............................................................................................................. 234 

METHODS AND COLUMNS FOR LC/MS .................................................................................................. 239 

In This Section .................................................................................................................. 240 

Sample Information and Considerations ........................................................................... 241 

Selecting Columns and Conditions for LC/MS ................................................................ 242 

Adapting Existing LC Methods ........................................................................................ 244 

Compatible Solvents ......................................................................................................... 245 

Mobile Phase Buffers ........................................................................................................ 246 

Bonded Phase Selection .................................................................................................... 247 

Column Configuration ...................................................................................................... 252 

Particle Size ...................................................................................................................... 253 

Rapid Resolution Columns ............................................................................................... 258 

Available Columns............................................................................................................ 260 



vi 

Comparison Standard and Rapid Resolution Columns ..................................................... 261 

Increasing Temperature to Reduce Analysis Time ........................................................... 262 

Rapid Resolution Column Hardware ................................................................................ 263 

Method Transfer to Rapid Resolution Columns ............................................................... 264 

Superficially Porous Particles ........................................................................................... 266 

Specialized Instrumentation .............................................................................................. 270 

COLLISION INDUCED DISSOCIATION (CID) ......................................................................................... 277 

In This Section .................................................................................................................. 278 

CID .................................................................................................................................... 279 

Interpretation of CID Spectra ............................................................................................ 281 

Site of Ionization ............................................................................................................... 283 

Common Neutral Loss ...................................................................................................... 284 

Ion Stability ....................................................................................................................... 285 

Fragmentation Mechanisms .............................................................................................. 286 

Single Bond Cleavage ....................................................................................................... 287 

Cyclizations....................................................................................................................... 288 

Multiple Cleavages ........................................................................................................... 289 

Ring Opening .................................................................................................................... 290 

Peptide Sequencing ........................................................................................................... 291 

Charge Remote Fragmentation ......................................................................................... 292 

Fragmentation Example .................................................................................................... 294 

QQQ METHOD DEVELOPMENT AND OPTIMIZATION ...................................................................... 299 

In This Section .................................................................................................................. 300 

Method Development Overview ....................................................................................... 301 

Source Parameters ............................................................................................................. 303 

Agilent 6460 Parameters ................................................................................................... 304 

Confirming Precursor Ion ................................................................................................. 309 

Parameter Optimization .................................................................................................... 310 

Flow Injection Analysis .................................................................................................... 313 

MassHunter Optimizer ...................................................................................................... 321 

Infusion ............................................................................................................................. 338 

Summary ........................................................................................................................... 339 

QQQ DATA ACQUISITION .......................................................................................................................... 341 



 

vii 

In This Section .................................................................................................................. 342 

Data Acquisition ............................................................................................................... 343 

Instrument Status .............................................................................................................. 345 

Instrument Actuals ............................................................................................................ 346 

Instrument Control ............................................................................................................ 350 

Standby ............................................................................................................................. 351 

Single Sample Method ...................................................................................................... 352 

Method Pane ..................................................................................................................... 353 

Autosampler Parameters ................................................................................................... 354 

Injector Program ............................................................................................................... 355 

Binary Pump Parameters................................................................................................... 356 

Column Compartment ....................................................................................................... 359 

DAD Parameters ............................................................................................................... 360 

QQQ Parameters ............................................................................................................... 362 

Agilent 6460 Parameters ................................................................................................... 380 

QQQ Parameters ............................................................................................................... 381 

Single Injection ................................................................................................................. 387 

Real-time Plot ................................................................................................................... 388 

Connections with Data Analysis ....................................................................................... 390 

LABORATORY EXERCISE: METHOD DEVELOPMENT AND OPTIMIZATION ............................ 393 

Preparation ........................................................................................................................ 394 

Prepare the QQQ and Agilent 1200 LC ............................................................................ 395 

Conduct an MS2 Scan Analysis ........................................................................................ 396 

Use FIA to Optimize Fragmentor Voltage and Collision Energy..................................... 399 

Using MassHunter Optimizer to Determine Optimum Fragmentor Voltage and Collision 
Energy ............................................................................................................................... 403 

 

 
 

  



 
 

 
 
 
 
 

Agilent 6400 Series QQQ LC/MS Techniques and 
Operation 

Course Number R1893A 
Volume II 

Student  Manual  
 
 
 
 

 
 
 
 

 
 
 



 
 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Data Acquisition B.02.01; Qual B..02 SP3; Quant B.03.02 
Printed in September, 2009 

Agilent 6400 Series QQQ LC/MS 
Techniques and Operation 

 
 

Course Number R1893A 
Volume II 

Student Manual  
 
 



ii 

Notice 
The information contained in this document is subject to change without notice. 

Agilent Technologies makes no warranty of any kind with regard to this material, including 
but not limited to the implied warranties of merchantability and fitness for a particular 
purpose. 

Agilent Technologies shall not be liable for errors contained herein or for incidental, or 
consequential damages in connection with the furnishing, performance, or use of this 
material. 

No part of this document may be photocopied or reproduced, or translated to another 
program language without the prior written consent of Agilent Technologies, Inc. 

 
Agilent Technologies, Inc 
3750 Brookside Pkwy 
Suite 100 
Alpharetta, GA  30022 

 

 

 

 

 

 

 

 

 

 

 

 2009 by Agilent Technologies, Inc. 

All rights reserved 

Printed in the United States of America 

 

 
  



 

iii 

Table of Contents 

 

WORKLISTS FOR AUTOMATION ................................................................................................................. 1 

In This Section ...................................................................................................................... 2 

Worklist Pane ........................................................................................................................ 3 

Create Acquisition Methods ................................................................................................. 4 

New Worklist or Worklist from Template ............................................................................ 5 

Worklist Columns ................................................................................................................. 6 

Add Samples ......................................................................................................................... 8 

Start Worklist ...................................................................................................................... 14 

Partial Worklist ................................................................................................................... 16 

Ways to Create Worklists ................................................................................................... 17 

Worklist Run Parameters .................................................................................................... 24 

Scripts ................................................................................................................................. 27 

Worklist Reports ................................................................................................................. 32 

Save Worklist ...................................................................................................................... 35 

LABORATORY EXERCISE: WORKLISTS .............................................................................................................. 37 

Preparation .......................................................................................................................... 38 

Preparing the LC/MSD QQQ .............................................................................................. 39 

Worklists ............................................................................................................................. 40 

BASIC QUALITATIVE DATA ANALYSIS ................................................................................................... 43 

In This Section .................................................................................................................... 44 

Open Qualitative Data Analysis.......................................................................................... 45 

Configuration ...................................................................................................................... 46 

Data Analysis Layout .......................................................................................................... 47 

Compound Labels ............................................................................................................... 49 

Method Explorer ................................................................................................................. 51 

Methods............................................................................................................................... 55 

Open Data Files................................................................................................................... 57 

Open Data Files................................................................................................................... 59 

Opening Multi-Signal Files ................................................................................................ 60 

Zooming Data ..................................................................................................................... 61 

Chromatogram Functions .................................................................................................... 62 



iv 

Chromatogram Functions .................................................................................................... 63 

Anchoring ........................................................................................................................... 68 

Integration Functions .......................................................................................................... 69 

System Suitability ............................................................................................................... 75 

Spectrum Functions ............................................................................................................ 76 

Spectrum Display Options .................................................................................................. 77 

Spectrum Functions ............................................................................................................ 78 

Reports ................................................................................................................................ 92 

Find Compounds by Formula ............................................................................................. 94 

Tools ................................................................................................................................... 99 

LABORATORY EXERCISE:  BASIC QUALITATIVE DATA ANALYSIS ............................................ 103 

In This Exercise, You Will Need: ..................................................................................... 104 

Open the Qualitative Application and Restore Defaults ................................................... 105 

Opening Single or Multiple Data Files ............................................................................. 106 

Zooming In and Zooming Out .......................................................................................... 107 

Displaying Spectra ............................................................................................................ 108 

Chromatogram Extraction ................................................................................................. 112 

Signal-to-Noise Calculation .............................................................................................. 114 

Find Compounds by Formula ........................................................................................... 116 

Exploring Different Workflows ........................................................................................ 117 

Close Data Files ................................................................................................................ 118 

QUALITATIVE ANALYSIS AUTOMATION ............................................................................................. 119 

In This Section .................................................................................................................. 120 

Data Analysis Automation ................................................................................................ 121 

File Open Actions ............................................................................................................. 122 

Worklist Actions ............................................................................................................... 131 

Compound Automation Steps ........................................................................................... 132 

Automated Data Analysis ................................................................................................. 133 

LABORATORY EXERCISE:  QUALITATIVE ANALYSIS AUTOMATION ........................................ 135 

Preparations: ..................................................................................................................... 136 

File Open Actions ............................................................................................................. 137 

Set Actions to Run When Opening a Data File ................................................................ 139 

 



 

v 

ASSEMBLING THE MRM METHOD .......................................................................................................... 141 

In This Section .................................................................................................................. 142 

Overview ........................................................................................................................... 143 

MS2 Scan Method............................................................................................................. 144 

MS2 Scan to MRM Method .............................................................................................. 145 

Import Compound Data from Optimizer .......................................................................... 147 

Dwell Time ....................................................................................................................... 151 

Calibrating the MRM Method .......................................................................................... 153 

View in Qualitative Analysis ............................................................................................ 154 

Use Walk the Chromatogram............................................................................................ 155 

Time Segments .................................................................................................................. 156 

Dynamic MRM Scan Type ............................................................................................... 157 

Delta EMV ........................................................................................................................ 163 

Optimizing Chromatography ............................................................................................ 164 

Calibrating the MRM Method .......................................................................................... 165 

Fine Tuneing the MRM Method ....................................................................................... 166 

Evaluating the MRM Method ........................................................................................... 167 

Method Validation ............................................................................................................ 168 

LABORATORY EXERCISE: ASSEMBLING THE MRM METHOD ...................................................... 171 

Preparation ........................................................................................................................ 172 

Assemble the MRM Method ............................................................................................. 173 

QQQ QUANTIFICATION:  BUILD A QUANTIFICATION METHOD .................................................. 177 

In This Section .................................................................................................................. 178 

Basic Workflow ................................................................................................................ 179 

Open MassHunter Quantification ..................................................................................... 180 

Batch ................................................................................................................................. 181 

Add Samples to Batch ....................................................................................................... 182 

Develop Method using Calibration Standard .................................................................... 183 

Open Method Editing ........................................................................................................ 184 

New Method Easy Development ...................................................................................... 185 

MRM Compound Setup: Information Added Automatically from Acquisition Method . 186 

New Method Manual Setup .............................................................................................. 187 

Method Edit Tasks ............................................................................................................ 188 



vi 

Retention Time Setup ....................................................................................................... 189 

ISTD Setup: 4 columns ..................................................................................................... 194 

Concentration Setup .......................................................................................................... 195 

Create Levels .................................................................................................................... 196 

Copy Calibration Levels ................................................................................................... 197 

Setup Differing Concentrations ........................................................................................ 198 

Qualifiers........................................................................................................................... 199 

Calibration Curve .............................................................................................................. 200 

Global Setup...................................................................................................................... 201 

Validate Quantification Method ....................................................................................... 202 

Save and Exit .................................................................................................................... 203 

Return to Quantitative Analysis Main Screen .................................................................. 204 

Analyze Batch ................................................................................................................... 205 

After Analyze Batch is Executed ...................................................................................... 206 

Compound Information Display Options.......................................................................... 207 

Messages and Outliers ...................................................................................................... 208 

Calibration Curve .............................................................................................................. 210 

Remove Calibration Data Points ....................................................................................... 211 

Curve Fit Assistant ............................................................................................................ 212 

Sort and See Confidence Interval ..................................................................................... 217 

Save Batch with Results .................................................................................................... 218 

LABORATORY EXERCISE:  BASIC QUANTITATIVE ANALYSIS – TRIPLE QUADRUPOLE ...... 219 

Preparations....................................................................................................................... 220 

Create the Batch ................................................................................................................ 221 

Create the Quantitative Method ........................................................................................ 223 

Analyze the Batch ............................................................................................................. 229 

Adjust the Curve Fit .......................................................................................................... 231 

Navigate Batch-at-a-Glance .............................................................................................. 233 

ADVANCED QQQ QUANTIFICATION ...................................................................................................... 245 

In This Section .................................................................................................................. 246 

Batch Table – Key Information ........................................................................................ 247 

Accuracy Column with Outlier Flags ............................................................................... 248 

When the Accuracy Column Has Outliers ........................................................................ 249 



 

vii 

When the Accuracy Column has Outliers ......................................................................... 250 

Zoom In and View Calibration Curve .............................................................................. 253 

Full View of Calibration Curve ........................................................................................ 254 

After Re-Analyzing the Batch .......................................................................................... 255 

Next Problem: The Blank ................................................................................................. 256 

Calibration Curve .............................................................................................................. 257 

Calibration Curve: Significant Positive x Intercept .......................................................... 258 

Calibration Curve: Significant + x Intercept ..................................................................... 261 

Other Important Columns in the Batch Table: Qualifier Results ..................................... 267 

Procedure for Updating Qualifier Ion Ratios .................................................................... 268 

Concentrations in Batch Table .......................................................................................... 269 

Adding Batch Table Columns ........................................................................................... 270 

Adding Batch Columns ..................................................................................................... 272 

Other Important Columns in the Batch Table: ISTD Response ....................................... 275 

Advanced QQQ Quantification: Summary ....................................................................... 276 

LABORATORY EXERCISE:  MORE QUANTITATION .......................................................................... 279 

Preparations....................................................................................................................... 280 

Integrate Without Parameters ........................................................................................... 281 

Display Outliers ................................................................................................................ 288 

LABORATORY EXERCISE:  ADVANCED QUANTITATIVE ANALYSIS II ....................................... 295 

Preparations....................................................................................................................... 296 

Create a New Batch and Refine the Calibrations .............................................................. 297 

Evaluating the Calibration Curve...................................................................................... 304 

MASSHUNTER REPORTING ....................................................................................................................... 313 

In This Section .................................................................................................................. 314 

MassHunter Reporting Fundamentals............................................................................... 315 

Printing Reports ................................................................................................................ 318 

Exporting Reports ............................................................................................................. 322 

Report Generation Summary ............................................................................................ 323 

Customized Report Templates .......................................................................................... 324 

LABORATORY EXERCISE:  MASSHUNTER REPORTING .................................................................. 335 

Preparations....................................................................................................................... 336 

Generate Reports ............................................................................................................... 337 



viii 

Customizing the Report Template .................................................................................... 339 

QQQ MAINTENANCE AND TROUBLESHOOTING................................................................................ 351 

In This Section .................................................................................................................. 352 

Reduce Instrument Downtime .......................................................................................... 353 

Common Causes Instrument Failure ................................................................................. 354 

Typical Background .......................................................................................................... 355 

General Tips ...................................................................................................................... 356 

Objectives ......................................................................................................................... 376 

Preventive Maintenance Checklist .................................................................................... 377 

Troubleshooting ................................................................................................................ 379 

 

 
 

  


	R1893AStudentI - TOC.pdf
	R1893AStudentIi - TOC.pdf

