
Mass Spectrometry
Chromatography Coupling

Giordano Lesma

Dipartimento di Chimica
Università degli Studi di Milano, 

via Golgi 19, 20133 Milano - Italy



In order to analyse a complex mixture, for example natural products, a

separation technique – gas chromatography (GC), liquid chromatography (LC) or

capillary electrophoresis (CE) – is coupled with the mass spectrometer. The

separated products must be introduced one after the other into the

spectrometer, either in the gaseous state for GC/MS or in solution for LC/MS

and CE/MS. (Complementary techniques!)
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Complementary techniques!
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This can occur in two ways:

�off-line: the eluting compound is collected and then analysed. 

practical, but sometime tedious and time-consuming

�on-line: the  chromatograph is connected directly to the mass spectrometer and

the spectra are acquired while the compounds of the mixture are eluted. 
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�packed column (20 cm3min-1)

�capillary column ( 1 cm3min-1)

HPLC 10 ml min−1 to 0.2 ml min−1

� packed & capillary column

� direct & reverse phase

UPLC 10 ml min−1 to 0.2 ml min−1

� UPLC technology

� direct & reverse phase

� faster analysis

�better resolution

� sensitivity

� solvent economy

GC (MS)

LC (MS)
The chromatograph



UPLC technology takes full advantage of chromatographic principles to run separations:

�smaller particles (<2.5 μm)

�Using sub-2 μm particles, 1/2-height peak 

widths of less than 1 s can be obtained

�pressures up to 1034 bar (15.000 psi)

�higher flow rates (increased speed)

�superior resolution and sensitivity 

Chromatogram showing separation of 

Telmisartan and its degradation products 

in a mixture of stressed samples 

Ultra-Performance Liquid Chromatography [UPLC® Technology]

UPLC

HPLC



GC-MS

analysis of volatile compounds in complex 

samples: 

• gasoline and petroleum products

• environmental monitoring and cleanup

• criminal forensics

• food, beverage and perfume
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analysis of polar, thermally 

unstable molecules in complex 

samples: 

• biological fluids

• Pharmacokinetics

• Proteomics/metabolomics

• Drug development

GC-MS GC-MS or LC-MS LC-MS

MW  < 700 100 < MW < 800 50 < MW < 50K

Highly volatile Moderately volatile Non-volatile

Non-polar or 

moderately polar
Moderately polar

Highly polar

thermally labile

Hydrocarbons

Flavors

Fragrance

Pesticides

Some drugs

Most pesticides

Many drugs

Many ind. compounds

Some vitamins

-----

With derivatization, 

many more !

Proteins/peptides

DNA

Oligosaccharides

Surfactants

Dyes

Drug glucoronides

Glyphosate

Chloromequat
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The MS spectrometer as detector

1. Have no alteration of the chromatographic resolution
2. Have the highest possible sensitivity
3. Be universal, which means to detect all of the eluted products
4. Furnish the maximum structural information possible
5. Give out a signal proportional to the concentration
6. Have a constant, or at least predictable, response factor
7. Have as low as possible cost/performance ratio
8. Not be harmful to the product
9. Not produce artefacts
10. Allow the deconvolution of chromatographic peaks

However, this is not the only goal that can be reached. The ideal detector should:



Resolution and accuracy:

nominal mass accuracy (± 0.1 Da)

commonly quadrupole-based

instruments

High-resolution, accurate-mass 

instruments (± 0.1 mDa)

instruments are based on time of 

flight (TOF) or ion trap.

Types of LC(GC)/MS instruments

Single-quadrupole instruments 

Triple-quadrupole instruments 

Time-of-flight and quadrupole time-of-flight instruments 



� Analyte must not condense in the interface

� Analyte must not decompose before entering the mass spectrometer ion source

� The gas load (dictated by the mobile phase flow rate) entering the ion source 

must be within the pumping capacity of the mass spectrometer 

The Interface

After separation in the GC/LC column, 

analyte species have to be transported 

to the mass spectrometer to be 

ionized, mass filtered and detected

The column outlet needs to be 

connected to the ion source of the 

mass spectrometer.

Different strategies had been 

implemented, all of which need to 

fulfill the following conditions: 



about 10−4 Torr (10−7 atm)

upper limit of tolerable pressure
1 cm3 of gas under atmospheric pressure

becomes 107 cm3

Elution Chromatography Coupling Techniques

eluate (liquid or gaseous) 

generally under 

atmospheric pressure (Pa)

TO MS SOURCE

PUMPING FLOW
The actual capacities of pumps in mass 

spectrometry range from 50 to 1000 l s−1

LC:
flow 

1 cm3/min

pumping flow 

107 cm3/min 

(166 l s−1)

max gas flow: 

around 5 cm3/min 

1 atm pressure

GC: Water: 

0.1 cm3/min

gas flow: 

139 cm3/min under Pa

pump flow at the source:

139×166=23.000 l s−1. 

eluate from a liquid chromatograph

cannot be entirely evaporated in the source !!!



Gas Chromatography/Mass Spectrometry

GC-MS ion techniques

EI

70 eV
Hard

Large number of fragments (best 

fingerprints); M+ varies, maybe zero

PCI

(CH4, NH3 …)
Soft-varied

MH+ dominant; fragments with

“harder” reagents

NCI

(CH4, NH3 …)
Very soft

M- dominant; may fragment to yield

electronegative groups

GC-MS ionization techniques

higher flow rates higher flow rates flow rates up to 2 mL/min
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Liquid Chromatography/Mass Spectrometry

GC-MS ion techniques

Particle Beam PB

EI 70 eV
Hard

Large number of fragments (best 

fingerprints); M+ varies, maybe zero

Particle Beam PB

PCI/NCI
Soft-varied MH+ or M- dominant; few fragments

CF-FAB Very soft MH+ or M- dominant

ESI Very soft
Molecular ion adducts (+ or -);

few fragments

APCI Soft-varied
Molecular ion adducts (+ or -);

few fragments

LC-MS interface ionization techniques

ESI
Analyte polar/very polar

Compatible with RP chr.

Flow rate until 0.2-0.3 mL/min

m/z until 100.000 
(depends on the analyzer)

APCI
Analyte low or moderately polar

Preferably with direct Ph. chr.

Flow rate until 1-2 mL/min

m/z until 1.000-1.500

Atmospheric Pressure Ionization (API) 



Liquid Chromatography/Mass Spectrometry

�Coupling Using Atmospheric Pressure Ionization (API) Sources:

extensive fragmentation

scarce fragmentation

adduct formation

frequently observed



Liquid Chromatography/Mass Spectrometry

�Coupling Using Atmospheric Pressure Ionization (API) Sources:
�The choice of the elution solvent can have a marked effect on the spectrum obtained:

Underivatized glucosamine (M), elution solvents:

�Left: 50/50 water/MeOH. Only peaks from the glucosamine are observed: 180 [M+H]+,

202 [M+Na]+, 162 [M−H2O]+.

�Right: 50/50 water/MeCN. The same glucosamine peaks are observed at m/z 180 and

162, but abundant peaks are observed at 203 [M−H2O + MeCN+H]+, 221

[M+MeCN+H]+, 243 [M+MeCN+Na]+ and 83 [2 MeCN+H]+. The spectrum with

acetonitrile shows that this solvent can compete with glucosamine for the proton,

while methanol is not sufficiently basic.



Data produced by GC(LC)/MS analysis is multidimensional:

�Components are separated and detected, based on their:

�GC retention under various column conditions

�mass-to-charge (m/z) ratio in the gas phase 

�At the highest level, we have the total ion chromatogram (TIC or RIC). 

�The TIC shows the total intensity of ions being detected over the course of the 

chromatographic run

�Every sampling point within the TIC is associated with a specific mass spectrum

�The mass spectrum shows which masses are present at that chromatographic 

retention time, and at what intensity.

Mass spectra

Signal
response

50 100

m/z

What information does GC(LC)/MS provide?

�Scanning Mode:



Chromatography Data Acquisition Modes

�Scanning Mode:

TIC/RIC

MC (XIC/EIC)

mass chromatogram
�detect a given compound

�structure of unknown

�quantitative analysis

It is possible to construct a 

chromatogram of a specific 

compound, requiring the computer 

to extract only the relative intensity 

of the ion from the MS spectra with 

the desired m / z ratio. The obtained 

path is defined as the Mass 

Chromatogram (MC) or extracted Ion 

Current Chromatogram (XIC/EIC)
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Qualitative analysis in GC-MS

GC/MS analysis provides detailed molecular profiling of 

organic compounds, which can be identified by 

comparison with mass spectra libraries and collections

Sample analysis: GC/MS anlysis of as sample of ointment labelled “ung. Colophonie”  
(Museo Aboca, Sansepolcro, Arezzo) N° inventory 50017 (eighteenth century), acidic
fraction after saponification, extraction and derivatization with BSTFA.

TIC

MS EI (70 eV)

[1] http://www.nist.gov/srd/nist1.htm (21 March 2007) NIST/EPA/NIH mass spectral database, which contains 190 000 spectra 

of 163 000 compounds . 

[2] http://www.webbook.nist.gov/chemistry (21 March 2007) Mass spectra for over 15 000 compounds are accessible on-line . 

[3] McLafferty, F.W. and Stauffer, D.B. (2006) The Wiley Registry of Mass Spectral Data, 8th edn, John Wiley & Sons, Inc., 

Hoboken, NJ. about 380 000 spectra of over 200 000 compounds

0,1 mg !



Liquid Chromatography/Mass Spectrometry

�Continuous Flow FAB Coupling (example):

Continuous flow FAB and 

capillary column liquid chro-

matography. 

1µL containing the indicated

quantities of bile salts was

injected. Total chromatography

time is 11 min.

Methanol gradient in water 

from 50 to 100 %, plus 1% 

glycerol.

TIC/RIC
M
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draw mass chromatograms:



Liquid Chromatography/Mass Spectrometry

�Coupling Using Atmospheric Pressure Ionization Sources:
�ESI coupling can be applied to organic as well as to inorganic compounds:

194Pt 193.962655 32.97 %
195Pt 194.964766 33.83 %
196Pt 195.964926 25.24 %
198Pt 197.967869 7.16 %

A

B C

H3N

H3N
Pt

Cl

Cl

1) Cisplatin

H3N

H3N
Pt

Cl

OH

2) Monohydroxo-
cisplatn

H3N

H3N
Pt

OH

OH

3) Dihydroxo-
cisplatn

298 280 262

A: [1+Na+] m/z 321

B:[2-OH+MeCN]+ m/z 304

C: [3+H+] m/z 263
MS/MS



Chromatography Data Acquisition Modes

�Scanning Mode:

Fast separation of 15 analgesic compounds in 0.4 minutes on an Agilent ZORBAXRRHD Eclipse Plus C18 column with 1.8 μ m particles.

Deconvolution, and quantitative determination:

� Coeluting compounds must have different molecular mass

� To ensure reliable data the MS scan rate must be set fast enough
to collect enough data points across all of these narrow peaks



Chromatography Data Acquisition Modes

�Scanning Mode:
Complete spectra are repeatedly measured between two extreme

masses (for example 50-550 Da). Suppose that the time width of the

chromatographic peak is 10 s at mid-height. As is shown, at least

one spectrum must be measured every 5 s in order to ascertain that

one of them lies entirely within the chromatographic peak. A short

calculation shows that 0,01 s per mass (500 in 5 s) can be used.

To increase the sensitivity…

The scan time 

is increased

The range of masses 

scanned is decreased

analytical information

may be lost

a good mass spectrum may not be obtained, 

or two eluted compounds in the same peak 

may not be deconvoluted

! ! 10 s 10 s10 s 10 s



Chromatography Data Acquisition Modes

�Selected-ion monitoring (SIM):�Selected-ion monitoring (SIM):

Useful for detecting target compounds, with known spectral characteristics, with a

maximum sensitivity. Thus, if we choose to detect a given compound by monitoring two

characteristic fragments, we switch the analyser rapidly from one mass to another. The

sensitivity gain can be enormous. In fact, integrating over three masses during 5 s

means that 2,5 s per mass is available instead of 0,01 s as was the case before.

SIM TIC



Chromatography Data Acquisition Modes

�Selected-ion monitoring (SIM):

Why monitoring two, three or
more characteristic fragments,
to detect a given compound ?

Total ion chromatogram (TIC) monitoring:

m/z 117 and 82

monitoring:

m/z 117

1 selected4 selected



Chromatography Data Acquisition Modes

TIC and SIM modes described for GC-MS 
can be implemented in a similar manner 

for both GC- and LC-MS

However, using Atmospheric Pressure
Ionization Sources, the LC-MS spectra give a 
much smaller amount of information about the 
structure (and thus identity) of the analytes, 

since fragmentation is virtually absent

Tandem mass (MS / MS) or sequential 
(MSn) spectrometers are coupled to 

the liquid chromatograph

MS/MS – TIC

‘fragment ion scan’.

Selected Reaction Monitoring

SRM

Consecutive Reaction Monitoring

CRM



Chromatography Data Acquisition Modes

�Product ion scan (daughter scan), (fragment ion scan):

Consists of selecting a precursor ion (or parent ion) of a chosen m/z ratio (ion trap or

QqQ) and determining all of the product ions (daughter ions) resulting from collision-

induced-dissociation CID. If reactive gas is used in the collision cell, collision-activated-

reaction CAR products are observed. When only fragment ions are produced, this scan

mode is also referred to as ‘fragment ion scan’

TIC

ESI

CID

MS/MS
819,3

selected



Chromatography Data Acquisition Modes

�Precursor ion scan (parent scan) :
Consists of choosing a product ion (or daughter ion) and determining the precursor ions

(or parent ions). This method is called ‘precursor scan’ because the ‘precursor ions’ are

identified. Requires the focusing of the second spectrometer on a selected ion while

scanning the masses using the first spectrometer. All of the precursor ions that produce

ions with the selected mass through reactions or fragmentations thus are detected

Selective Detection of

Target Compound Class: 

for example, find an easy 

way of detecting a class

of compounds, the 

carnitines, in biological

fluids.

We conclude that we could selectively detect the carnitine conjugates

by looking for the precursors of the 85 and 144 Da fragments



Chromatography Data Acquisition Modes

�Neutral loss scan:
Consists of selecting a neutral fragment and detecting all the fragmentations leading to

the loss of that neutral. Requires that both mass spectrometers are scanned together,

but with a constant mass offset between the two. Thus, for a mass difference a, when

an ion of mass m goes through the first mass spectrometer, detection occurs if this ion

has produced a fragment ion of mass (m−a) when it leaves the collision cell.

Selective Detection of

Target Compound Class: 

for example, find an easy 

way of detecting a class

of compounds, the 

carnitines, in biological

fluids.

We conclude that we could selectively detect the carnitine 

conjugates by detecting the losses of 59 or 161 Da neutrals



Chromatography Data Acquisition Modes

�Selected-reaction monitoring (SRM):

Consists of selecting a fragmentation reaction. For this scan, both the first and second

analysers are focused on selected masses. There is thus no scan. The method is

analogous to SIM in standard mass spectrometry, but here the ions selected by the first

mass analyser are only detected if they produce a given fragment, by a selected

reaction:

P+(mp
+/z) F+(mf

+/z)

N(mn)

The absence of scanning allows one to focus on the precursor and fragment ions over

longer times, increasing the sensitivity as for SIM, but this sensitivity is now associated

with a high increase in selectivity. The possibility to obtain both high selectivity and

high sensitivity by tandem mass spectrometry is largely used in the pharmaceutical

industry to monitor and quantify a selected compound in pharmacokinetics studies,

which is the field that uses the largest number of tandem mass spectrometers.



Chromatography Data Acquisition Modes

�Selected-reaction monitoring (SRM):

The selectivity gain results from the fact that the fragmentation reaction implies 2

different characteristics of the compound under study. In fact, ions must meet two

conditions in order to reach the detector. The sensitivity gain results from the greater

signal to-noise ratio that is characteristic of tandem mass spectrometry.

(A) Total ion chromatographic trace of a fuel oil. (B) Spectrum of the sought contaminant.

(C) SRM spectrum of the two main reactions: the sought compound is the only one detected.



ESI- SIM and SRM

chromatograms obtained for 

a milk extract contaminated 

with cyclopiazonic acid (CPA) , 

a toxic fungal micotoxin:

Chromatography Data Acquisition Modes

�Selected-reaction monitoring (SRM):

NH

N O

O

OH

Exact Mass: 336,15CPA

SIM on m/z 335

SRM 335 > 180



Ochratoxin A (OTA)—a toxin produced by Aspergillus ochraceus, Aspergillus carbonarius
and Pennicilium verrucosum, is one of the most-abundant food-contaminating  mycotoxins. 
It is also a frequent contaminant of water-damaged houses and of heating ducts

Chromatography Data Acquisition Modes

�Consecutive-reaction monitoring (CRM):

SRM 404 > 358

CRM 404 > 358 > 341(OTA)

Similar to the SRM mode, but 

obtained by a sequential type 

MS acquisition (MSn, with n>2)

(OTA)



Polydimethylsiloxane (PDMS) Non-polar GC/HPLC Volatiles
PDMS–divinylbenzene (DVB) Bipolar GC Polar volatiles
Polyacrylate (PA) Polar GC/HPLC Polar (phenols)
Carbowax–DVB Polar Polar analytes (alcohols)

Solid-phase microextraction: a powerful sample 
preparation tool prior to mass spectrometric analysis

Gyorgy Vas and Karoly Vekey,  J. Mass Spectrom. (2004), 39, 233–254

K = Cs /Caq

30-300 µm



HS-SPME-GC-MS analysis of antioxidant degradation products
migrating to drinking water from PE materials and PEX pipes

OH

I

O

O

tButBu

III

ecc…

PE or PEX pipe

Int. J. Environ. Anal. Chem. (2013), 93, 593-612

revealing limits of detection and 

quantification less than 0.4 and 1 

µg L -1 respectively


