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Lutz Alder

Past, present and future of LC-MS
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Why do we need LC-MS if GC-MS is available? 

GC requires evaporation of analytes at

high temperatures!

Consequently, analytes

Åmust be volatile at 220 ï300 C

Åshould not be thermo labile

GC MS is not applicable for 

approximately 25 ï30% of all pesticides!

Some chemical classes, which cause problems in GC:

aryloxyalkanoic acids (e.g. 2,4-D)

benzoylureas (e.g. diflubenzuron)

carbamates (e.g.desmedipham)

neonicotinoids (e.g. imidacloprid)

sulfonylureas (e.g. amidosulfuron)

220-300 C!
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Challenges of combining LC to MS (compared to GC-MS)

Purity of mobile phase: 99.999%

EI Ionization: impossible in the presence of solvent

GC

HPLC

MS

Molecular mass of mobile phase: 2 amu (H2) or 4 amu (He)

Additives to mobile phase: no

Gas flow per minute: 1-5 mL

EI ionization: possible

Molecular mass of mobile phase: Ó 32 amu (CH3OH)

Purity of mobile phase: < 99%

Additives to mobile phase: yes (salts)

Flow rate of liquid: > 100 µL/min

Resulting gas flow per minute: > 70 mL (up to 1200 mL/min)
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Do we need separation between solvent and analyte in LC-MS?

Typical conditions in HPLC-MS (trace analysis)

ÅConcentration in sample:  10 ng/mL (up to10 µg/mL)

Åtypical injection volume  :  10 µL (0.01 mL)

ÅFlow rate: 0.2 mL/min

ÅFWHM: 15 seconds (0.25 min)

Resulting analyte concentration in a HPLC peak

10 ng/mL x 0.01 mL / (0.2 mL/min x 0,25 min) = 0.1ng / 0.05mL

0.1 ng / 0.05 mL = 100 pg / 0.05 mL = 2000 pg/mL or é

0.000 000 002 g analyte in 1g solvent!

Yes! We need a separation 



L. Alder, 2nd Latin American Pesticide Residue Workshop,  Santa Fe / Argentina, June -9-11 2009 5

Direct liquid injection: Never used in trace analysis
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Past, present and future of LC-MS

Step 1:

Development of selective interfaces or ionization techniques

VG 7070
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Moving belt interface ïThe 1st commercial LC-MS interface (1977)

20 torr10-6 torr 0.2 torr

to mass filter

EI ion source

heater 3

heater 1

Consequently, 

Åanalytes must be volatile

Åanalytes should not be thermo 

labile

Just like in GC-MS!

HPLCMS Interface
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Particle beam: The jet separator for liquids

Sprayer

Helium
from

HPLC

Desolvation

chamber

Quadrupol

Pump 2
EI ion source

and lenses

Skimmer 1+2

Pump 1

Consequently, analytes

Åmust not be volatile

Åbut must have significant higher mass than solvent

Main problem: many analyte molecules are lost; low sensitivity

solvent

analyte
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Thermospray: Halfway to atmospheric pressure ionization

Sprayer

Helium

from HPLC

(eluent must contain  buffer)

Desolvation

chamber

Quadrupol

Pump

3 Torr

Lenses

Skimmer

Main problem: analyte molecules must form adducts with buffer ions

(and solvent should not)

Turbopump

10-5 Torr

solvent

heater

Repeller

solvent
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2nd choice of API: Atmospheric pressure chemical ionization

APCI parameter

ÅNeedle current/polarity

ÅNebulizer gas pressure

ÅHeater gas pressure (depending on HPLC solvents and flow)

ÅHeater gas temperature (depending on HPLC solvents and flow)

Declustering

3. Solvent/Analyte inteaction

Spray

gas

Vacuum

Ionisation of solvent

Atmospheric pressure

Curtaingas
Corona discharge needle

(3000 - 5000 V

Solventl

Analyte

(~120 C)

LC
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Curtaingas 
(nitrogen) 

Atmospheric pressure         Vacuum 

 3. Coulomb 
    explosion 

2. Evaporation 
Orifice 

1. Fomation of multi- 
   charged droplets 

3000 ï 5000V 

LC 

Spray gas  

(nitrogen   

Heating gas 

(heated nitrogen) 

1st choice of API: Electrospray ionization

ESI parameter

ÅIon spray voltage/polarity

ÅNebulizer gas pressure

ÅHeater gas pressure (depending on HPLC solvents and flow)

ÅHeater gas temperature (depending on HPLC solvents and flow)
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Past, present and future of LC-MS

Problem 2:

The ñdirtyò and high-mass mobile phase causes a reduction of 
sensitivity due to chemical noise.

Finnigan MAT TSQ 700



L. Alder, 2nd Latin American Pesticide Residue Workshop,  Santa Fe / Argentina, June -9-11 2009 13

IESI = As x E x Vf
v

x 
n

ca. 4000 V

+    ï

A

The number of produced excess ions is rising with 

Åa rising ESI voltage

Åa rising flow rate

ÅA rising concentration of buffer in the eluent

R.J. Pfeiffer und C.D. Hendricks; AIAA J 6 (1968) 496 (Journal of American Institute of Aeronautics 

and Astronautics)

AS: constant depending on solvent

Vf: flow rate (µl/min)

E: field strength in the source (V/m)

: conductivity of the eluent

, v, n: exponents (all 0,5)

Parameter that influence the number of ions in ESI

In contrary to GC-MS, 

the concentration of analyte 

is unimportant for the TIC
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Q1 scan of metaldehyde, ESI+, [M+NH4] = m/z194 

A ñdirtyò spectrum with lots of solvent-ammonia clusters

[NH4 + 2 CH3OH]+

[NH4 + 3 CH3OH]+

[NH4 + 4 CH3OH]+

[NH4 + 5 CH3OH]+

[NH4 + 6 CH3OH]+

[NH4 + 7 CH3OH]+

[NH4 + 8 CH3OH]+

[NH4 + 9 CH3OH]+

[NH4 + 10 CH3OH]+

m/z 194
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LC-MS (single mass filter) used in SIM mode

Q0 Q1

(fixed mass) 

U = 10V

Detector

Ion of target analyte

Ions of matrix, background

Io
n

 s
o

u
rc

e
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Low selectivity of LC/MS in SIM mode (0,250 mg/kg!)

Chlorpyrifos 

(40,000 cps) 

0.25 mg/kg chlorpyrifos in an extract of orange (M+H = 352 amu)

Peaks from matrix

Noise:

2,000 cps) 

0.01 mg/kg 

are invisible

In
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n
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2
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SRM mode in tandem mass spectrometry: A simple way to reduce 

noise and to avoid matrix interference peaks

Ion source

Ionisation of 

analytes and 

solvent 

clusters, 

matrix 

components, 

solvent 

impurities é

Mass filter 1

Selection of 

the quasi-

molecular 

ion of the 

target 

analyte and 

other 

isobaric 

compounds

Collision cell

Collision 

induced 

fragemen-

tation of the 

the target 

analyte and 

other 

isobaric 

compounds

Mass filter 2

Selection of 

a typical 

fragment ion 

of the target 

analyte

Detector

Counting of  

fragment ions 

of analyte
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SRM mode: Q1selects one quasimolecular ion, Q2 makes 

collisions of this ion and Q3 selects one fragment

Q0 Q1

(fixed mass) 

Q2 (LINAC) Q3

(2 nd fixed mass)

U = 10V

Detector

Io
n

 s
o

u
rc

e

Parent ion of target analyte and isobaric matrix

Ions of matrix, background

Product ion of isobaric matrix

Product ion of target analyte
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Selected reaction monitoring (LC-MS/MS) of chlorpyrifos

0.25 mg/kg chlorpyrifos in an extract of orange

LC-MS-SIMLC-MS/MS 

(SRM: 900 cps)

transition 352 amu [M+H]+ 97 amu
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Selected reaction monitoring of chlorpyrifos in orange

chlorpyrifos 

0,010 mg/kg

transition 352 amu [M+H]+ 97 amu

Chemical noise is dramatically reduced in tandem mass spectrometry!
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Comparison of sensitivity of GC-EI-MS and LC-ESI-MS/MS

0%

20%

40%

60%

80%

100%

organo-P organo-Cl Triazole Urea Alkanoic

acid

all

GC-MS better LC-MS/MS better equal sensitivity

L. Alder et al., Mass Spectrometry Reviews 25, 838-65 (2006) 
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Past, present and future of LC-MS

Challenge 3:

How to enhance the speed of simultaneous registration of selected 
reaction monitoring transitions in tandem mass spectrometry?

Sciex API 365


