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Agilentôs 35+ Years in Mass Spectrometry
Nearly 40,000 systems ïApplied to Chromatographic Analysis

5930A 

1971
5992A
1976 5970B MSD

1986

5971 - 5975

1988 - present

LC/MSD Series

1997-2005

ESI-TOF Series

2003-Present

4500, 7500 Series ICP/MS

1994-Present

6100 Single Quad

2006, 2007

6410 , 6430, 6460 Triple Quad

2006, 2007, 2008 6510, 6520, 6530, 6540  QTOF

2006, 2007, 2008, 2009



Core LC/MS Platforms and Technologies
Maximum Performance for our Applications

Select Mass Spec Technologies for both Quantitative and 
Qualitative applications. 

ïQuadrupole technology is the ideal combination of 
sensitivity, dynamic range, reliability and cost for target 
compound analysis

ïTime-of-Flight technology is the best choice for high mass 
accuracy, resolving power, sensitivity, dynamic range and 
speed and vacuum requirements as applied to qualitative 
mass analysis

ïIon Source development has long been realized as the most 
critical contributor to sensitivity, both in ion generation and 
sampling.  JetStream ESI, APCI, Multimode, APPI, 
Nanospray CHIP, AP-MALDI.



Relentless Innovation

6460 LCMS QQQ System



Cutting Edge 6460 QQQ Performance

X 1 pg on-column = 1,000:1 S:N sensitivity and less than 10% RSD !!!

X Fast Pos/Neg switching (30 msec)

X More MRMs per time segment and faster MRMs (1 msec dwell)

X New Optimizer software enables faster Method development

Withé

Agilent Jet Stream Technology

Unmatched sensitivity

Workflow improvements

Faster Method development
The industryôs most

sensitive QQQ



NEW: Agilent Jet Stream Ion Generation 
Gas Dynamics View

The super-heated sheath gas      

collimates the nebulizer spray and 

creates a dramatically ñbrighter sourceò

Nozzle voltage

Resistive sampling

capillary

Nebulizing gas 

Super-heated sheath gas

Heated drying gas

Enhanced efficiency nebulizer

Patent Pending



Agilent 6460 QQQ Performance
Shattering the Femtogram Barrier ï500 Attograms
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Five Decades of Linearity
6460 triple quad with Agilent Jet Stream technology exhibits outstanding performance with 5 decades of 

linearity from sub-femtogram to 100 picograms of verapamil injected on-column.

Verapamil

1.8 mm C18, 2.1 x 50mm
0.4 mL/min

500 

attogram



MassHunter Software

óBatch at 

a Glanceô

Curve-Fit Assistant



Parameter-Less Integrator & Peak Validation

Parameter-Less
MSMS Integrator

Traditional derivative-based
Integrator Missed Peaks

Bad Baseline

Addition.
Peaks

ÅTraditional derivative-based integrators

Å need tedious adjustment of integration parameters

Å perform poorly near the Lower Limit of Quantitation

Å need to apply smoothing to work



Parameter-Less Integrator & Peak Validation

ÅNew parameter-less MSMS Integrator 
validates Peak Quality based on

Å Peak height

Å Peak area

Å Peak width 

Å Peak symmetry

Å Merged peaks to the right or left

Å Level of spikes on a peak

ÅClassifies peak quality as

Å Accepted

Å Inspect

Å Rejected

ÅLetôs you focus on peaks in question 

Merge

Valley 

Height

15 %

Peak 

Accepted

Merge

Valley 

Height

39 %

Inspect

Peak

Merge

Valley 

Height

54%

Peak

Rejected



MassHunter Optimizer
Automated MRM Method Development 

Software for 6400 series Triple Quad LC/MS

Compound-specific optimization for MRM experiments

ÅSelection and optimization of precursor ion and fragment ions

ÅSupport of optimization with multiple methods (e.g. pos/neg)

ÅCreation of a compound database with optimized results

WITHOUT Optimizer:

ÅManual optimization for multiple compounds 

=> WEEKS of tedious interactive work!

WITH Optimizer:

ÅOptimization can be fully automated

=> One or two days unattended work!



MassHunter MS/MS Method Optimizer
Basic Steps

Run 1: The precursor adducts (H+, Na+, etc) and 

corresponding Fragmentor value are optimized.  Based 

on this, the optimum precursor mass and Fragmentor 

value are set.

Run 2: Coarse product ion scan finds the largest 4 product 

ions with corresponding Collision Energy.  As a default 

0, 10, 20, 30, 40 volt CE are surveyed.

Run 3: Fine adjustment of each product ion to establish 

optimal Collision Energy.



MassHunter Optimizer
Step 1 ïSetup Compounds

ÅSetup compounds manually or via import from XLS

ÅProvide either formula or molecular weight

ÅOptionally assign compounds to groups



MassHunter Optimizer
Step 2 ïSetup Precursor Ion Selection

ÅDefine up to 4 adducts and/or charge states for each polarity

ÅDefine exclusion of ions based on m/z or intensity



MassHunter Optimizer
Step 3 ïSetup Product Ion Selection

ÅOptimizer will find the 4 most abundant product ions

ÅDefine minimum product ion mass

ÅDefine exclusion of ions based on m/z, intensity or neutral losses



MassHunter Optimizer
Step 4 ïSetup Optimization Parameters

ÅSetup Sample introduction mode

ïManual or automatic infusion, Injection with or without column

ÅSelect data file directory

ÅSelect range and step size for Fragmentor and CE coarse and fine



MassHunter Optimizer
Step 5 ïView Results for Project

ÅResults for the project can be immediately viewed  after optimization

ÅResults get also automatically written into the compound database



Agilent 1290 Infinity LC 
- Infinite possibilities 

Å 1290 Infinity Binary Pump 

with integrated degasser

Å 1290 Infinity Autosampler

Å 1290 Infinity FlexCube

(extend the autosampler possibilites)

Å 1290 Infinity TCC

Å 1290 Infinity Diode-Array Detector

Å Chemstation Software Control

Å Third party SW control 

Å High Pressure RRHD columns

Å Diagnostics capabilities



1290 Infinity 
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1290 Infinity ïCompatible with any HPLC and UHPLC
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Vendor A

Agilent RRLCVendor B
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A new power range providing maximum performance, 

flexibility, compatibility and investment protection



Agilent 1290 Infinity LC
- Separation Power per time 

. Tranquilizer Sample

Column: Superficially porous 

50 x 2.1mm, 2.7um

Flow 3.5ml/min, ~ 700 bar

Gradient 2-92% ACN in 0.4min

T= 80 °C

0.095sec PW 

0.140secP

W

*Pc = based on 2nd peak W(1/2)



Time (min) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Compounds (10/block)

Cycle Time (sec)

Max Coincident

Cycle Time (sec)

MRM

50 80

A simple comparison of MRM and Scheduled MRM

0.2 0.4 0.4 0.3

20 40 40

Scheduled MRM

0.5 0.8 1

30

Time Segment 1 Time Segment 2 Time Segment 3 Time Segment 4

0.7

100 70

=> 2 x shorter cycle times supports narrow chromatographic 

peaks, more analytes or longer dwell per analyte.

MassHunter ñDynamic MRMò
Allows 10,000 MRMs per analysis!



Agilent 1290 Infinity LC + 6460A Triple Quad with Agilent Jet Stream 

Technology ~600 Dynamic MRM Transitions

9 replicates analyzed at 200 pg level

Mean area %RSD = 3.2, Mean height %RSD= 3.6

Analysis of 300 Compounds in 15 min.



Dynamic MRM Targets the Analyte when it Elutes

EICôs of 40 Compounds Eluting in a 1 min. RT Window



LCMS Analysis: What is Nanospray

Type of Electrospray Flow Rate Sheath Gas

Conventional 50 ï1000 uL/min Yes

Microspray 1 ï20 uL/min Usually

Nanospray 0.01 to 0.5 uL/min Not usually



Nanospray: The concentration advantage!

Column ID Flow Rate Relative [C]

Standard 4.6 mm 1 mL/min 1

Microbore 1 mm 50 uL/min 21

Capillary 0.3 mm 5 uL/min 206

Nanobore 0.075 mm

(75 um)

250 nL/min 3750

From Tomer & Mosely, Mass Spec. Rev., 1994, 13:431

ÅNanospray must be used for proteomics BUT difficult and unreliable



HPLC-Chip Platform for Nanospray LC/MS

1200 NanoLC System
6000 Series Mass Spectrometer 

(SQ, QQQ, TOF, Q-TOF)

HPLC-
Chip/MS 
interface



Application: Protein Biomarker Profiling 
HPLC-Chip design

µ-Fluidic 6 Port Valve

µ-filter

Laser Ablated Nanospray Tip

Tip Channel 
10x14 µm

160 nL Enrichment Column 

Separation Column

75x50 µm id, 150 mm length





Rapid Nanoflow LC/MS ï3 Minute Analysis

21 MRM Transitions From 7 Peptides



Reproducibility of MRM response of HSA Peptide from 

10 amol to 200 fmol: (n=6)



SM-Chip/QQQ in DMPK 

Application 

developed with



Chip/QQQ

ÅMice cheaper to keep and breed

ÅMice require less active pharma ingredient than dogs or rats...

Problem

ÅMice cannot donate as much blood

ÅSerial bleeding, which increases the result-quality Ą small sample-V

Chip solution

ÅSensivity, allows to handle smallest sample quantities 

Idea

ÅAchieve substantial          savings in the DMPK Lab

time
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x
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PK-profile
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ÇMain Objective

ÁEnrichment of small molecules comprising a wide range of polarities

Ultra High Capacity (UHC)-SM-Chip

Separation Column 150mm x 75µm ID 

1

6

5

2

4

3

500nL enrichment column



ESI versus SM-Chip

ESI

Amount inj. = 5pg

Area: 932

Chip

Amount inj. = 1pg

Area: 85403

~400 times higher!

C18 150mm x 4.6mm; 5µm

1ml/min 

MeOH/water 0.1% ammonia

Inj-V 5µl

C18 43mm x 75µm; 5µm (40nl)

400nl/min 

MeOH/water 0.1% ammonia

Inj-V 1µl

102 104



+ MRM (281.2 -> 58.0) 10fg_300nl_2.d 

Acquisition Time (min)
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281.2 -> 58.0 + MRM (290.1 -> 124.1) 10fg_300nl_2.d 
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10fg on Column Level in Plasma

Ç1µl injection following protein precipitation

ÇLOD not reached



Quantitative enrichment on the UHC-SM-Chip
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Imipramine

Atenolol

1 Atenolol

2 Caffein

3 Quinine

4 Atropine

5 Metoprolol

6 Propranolol

7 Imipramine

Atropine- 6 Levels, 6 Levels Used, 12 Points, 12 Points Used, 0 QCs

Concentration (ng/ml)
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Atenolol

0.21%

4.10%

Atropine

0.08%

3.30%

%RSD RT

%RSD Area

Metoprolol

0.10%

5.00%

Imipramine

0.07%

8.10%

Precision, reproducibility and life-time

Test for: No of Chips Result

Chip-to-chip reproducibility 11 0.7 % RT-RSD

Spray tip lifetime 2 > 2 weeks continuous spray

Lifetime with 4-compound mix 4 > 500 injections 

Lifetime with 4-compound mix in plasma

after protein precipitation

2 200-500 injections 

Precision



Agilent 6540 Ultra High Definition QTOF



Ultra High Definition 

Optimizing all Analytical Dimensions

Signal Response

Mass Spectrum

ÅSensitivity

ÅDynamic Range

ÅLinearity

ÅMass Accuracy

ÅResolving Power

ÅAcquisition Rate

ÅSeparation Speed

ÅPeak Capacity



Agilentôs New 6540 Ultra High Definition

Accurate Mass Q-TOF

Å500 ppb mass accuracy

ÅFemtogram sensitivity

Å5 decades dynamic range

Å40,000 resolving power

Å20 Spectra/sec

ÅExcellent Linearity and Isotopic 

Fidelity

ÅSupports Agilent Jet Stream and 

HPLC-Chip

Exceptional accurate mass, sensitivity, 

dynamic range and resolution é.. perfect 

match for 1290 Infinity UHPLC



6540 Ultra High Definition QTOF

Mass Accuracy ï10 Repetitive Injections

+ESI EIC(609.28066) 

Scan Frag=240.0V Reserpine_40pgms3.d 

0.511

Counts vs. Acquisition Time (min)

0.0 0.25 0.5 0.75 1

5x10
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0.2

0.4
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1

1.2
609.28081

610.28425

611.28650

612.28987

Counts vs. Mass-to-Charge (m/z)

609 610 611 612 613 614

613.29210

Isotope Obs % Calc % Obs m/z Calc m/z Diff (ppm)

1 100 100 609.28081 609.28066 0.25

2 35.87 37.24 610.28425 610.28393 0.52

3 8.58 8.59 611.28650 611.28671 -0.34

4 1.41 1.48 612.28987 612.28941 0.75

5 0.14 0.21 613.29210 613.29203 0.11

Run

Error 
(ppm)

1 0.96

2 -0.17

3 0.25

4 0.02

5 0.39

6 0.13

7 0.01

8 0.52

9 0.04

10 0.30

Mean 0.25

Std. 
Dev 0.32

250 ppb mass accuracy calibration and very accurate isotopic ratios



Why Accurate Mass?

m/z

MS

Low Mass Accuracy

m/z

MS

High Mass Accuracy

C12 H14 N9 Cl

C13 H23 N3 P S Cl

C14 H24 N2 S2 Cl

C14 H22 N O3 S Cl

C14 H16 N6 O Cl

C15 H25 O P S Cl

C16 H19 N3 P Cl

C17 H20 N2 S Cl

C18 H21 O P Cl

C13 H23 N3 P S Cl

C14 H24 N2 S2 Cl

C14 H22 N O3 S Cl

C14 H16 N6 O Cl

C15 H25 O P S Cl

C16 H19 N3 P Cl

C17 H20 N2 S Cl

C18 H21 O P Cl

Unit accuracy instrument

e.g. ion trap, QQQ, Q

High mass accuracy 

instrument

e.g. QTOF, TOF



Identify Compounds Not in Database
Molecular Formula Generation
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+ Scan (0.859-0.957 min, 7 scans) sulfas_10ng_4GHz-016.d 

311.08053

18256

312.08298
15460

313.07807
13417 314.08097

13088

Counts (%) vs. Mass-to-Charge (m/z)

309.4 309.6 309.8 310 310.2 310.4 310.6 310.8 311 311.2 311.4 311.6 311.8 312 312.2 312.4 312.6 312.8 313 313.2 313.4 313.6 313.8 314 314.2 314.4 314.6 314.8

Scoring algorithm considers 

accurate mass and abundances 

of all isotopes



Data Mining - Molecular Feature Extraction

Raw data
Background noise 

removed

Individual m/z peaks 

grouped into isotope 

clusters

Isotope clusters 

grouped into

molecular 

features
ÅMap signals

ÅRemove noise

ÅIdentify all mass signals with a common RT

ÅCombine mass signals with common RT and chemical relation (isotope, adduct, 

dimer, different charge state)

ÅCreate Extracted Compound Chromatograms (ECC) and Compound Mass Spectra 

from ions associated to a molecular feature (compound)



Easily ID 400 Compounds in Complex Sample in 5 min. !

Detailed 

Formula 

Generation 

Results

List of compounds

with calculated 

Molecular Formulas

Compound mass 

spectrum with 

theoretical isotope 

pattern overlaid 

Detailed Molecular

Formula Calculation 

Results

Overlaid compound 

chromatograms show 

ea individual 

compound found 
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Counts vs. Mass-to-Charge (m/z)
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6540 Ultra High Definition QTOF

Maintaining Resolving Power ïAcross the Mass Range

Counts vs. Mass-to-Charge (m/z)

622.00822

623.01059

624.01219 625.01471



Novel Ion Beam Compression (IBC)* Technology
Drives higher resolution without requirement for long flight tube

Up to 10-fold ion beam compression 

Exit from collision cell

Into pulser region

Narrowed beam enables mass resolution

of 40K

Compressed and cooled ion beam ensures the best sensitivity

performance in high resolution mode

* Patent pending



New High Speed 32 Gbit/sec Acquisition System
Provides up to 5 Decades of In-Spectrum Dynamic Range

(no beam attenuation required, unlike TDC-based TOF)

In-Scan Dynamic Range

This Example

9x106 / 250 = 3.6 104

Maximum

3x107 / 250 = 1.2x 105

Max Abd

3x107

Erythromycin, 500 fg/µL

[M+H]+ = 734.468518 m/z

Error = +0.6 ppmNiacinamide, 10 ng/µL

[M+H]+ = 123.055289 m/z

Error = +0.8 ppm

250 cts

9x106 cts



Accuracy, Resolution & Speed Simultaneously

-0.60 ppm

R = 40,600

-0.37 ppm

R = 41,400

azoxystrobin

1 spectrum/second

10 spectra/second


