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Chromatography & Hyphenated techniquesTwo-dimensional liquid chromatography: principles

Liquid chromatography

• Increase peak capacity
• Distinguish isomers
• Confirm the molecule identity
• Improve sensitivity

High resolution mass 
spectrometry (HRMS)

Mass accuracy
High acquisition frequency

Séparation de dérivés de lignine par RPLC 

Separation according to the molecule nature
Improving detection
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Chromatography & Hyphenated techniquesTwo-dimensional liquid chromatography: principles

High resolution mass 
spectrometry (HRMS)

Liquid chromatography

1st dimension (1D)

2nd dimension (2D)

2D

Soraya Chapel@ISA

1 D

2D

Compare
Quantify
Identify
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Chromatography & Hyphenated techniquesHyphenation mode 

Pump 1 Injector DetectionColumn

MSPump 2 Column Injector

1st Dimension
LC

2nd Dimension
LC or SFC

Off-line
2D LC

Online 2D LC

𝟐𝐭𝐚𝐧𝐚𝐥𝐲𝐬𝐢𝐬=𝐭𝐬𝐚𝐦𝐩𝐥𝐢𝐧𝐠

𝟐𝐕𝐢𝐧𝐣𝐞𝐜𝐭𝐢𝐨𝐧= 𝟏𝐕𝐟𝐫𝐚𝐜𝐭𝐢𝐨𝐧 =
𝟐𝐭𝐚𝐧𝐚𝐥𝐲𝐬𝐢𝐬 x 𝟏𝐅

𝟐𝑽𝒊𝒏𝒋𝒆𝒄𝒕𝒊𝒐𝒏= 𝟏𝑽𝒇𝒓𝒂𝒄𝒕𝒊𝒐𝒏 x zsplit

𝐭𝐚𝐧𝐚𝐥𝐲𝐬𝐢𝐬= 𝟏𝐭𝐚𝐧𝐚𝐥𝐲𝐬𝐢𝐬 + 𝐧𝐟𝐫𝐚𝐜𝐭𝐢𝐨𝐧𝐬* 𝟐𝐭𝐚𝐧𝐚𝐥𝐲𝐬𝐢𝐬

𝐭𝐚𝐧𝐚𝐥𝐲𝐬𝐢𝐬= 𝟏𝐭𝐚𝐧𝐚𝐥𝐲𝐬𝐢𝐬
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1D\2D RPLC HILIC NPLC SFC IEX
SEC 

aq.

SEC 

org.
HIC

RPLC

HILIC

NPLC

SFC

IEX

SEC aq.

SEC org.

HIC 

(protéines)

Complexity

The available combinations: chromatographic modes

Adapted from Pirok and Schoenmakers J. Sep. Science (2019)

Quite impossible

Not attractive

Hydrophobic

Nature of interactions

Hydrophilic/ionic

Polar

Polar

Ionic

Size filtering

Size filtering

Hydrophobic
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1D-LC LC x LC

Analysis time Gradient time TG Gradient time in 1D 1TG

Separation power Peak capacity n
Corrected product of peak 

capacities
1neffective x 2neffective x γ

Sensitivity Dilution factor DF Product of dilution factors 1DF x 2DF

n=1+(tn-t1)/wpeak

Peak capacity

Wpeak = peak width

DF=Cinjection/Cmax

Dilution factor

𝐷𝐹 =
𝜎 2π

𝑉𝑖𝑛𝑗𝑒𝑐𝑡𝑒𝑑
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Chromatography & Hyphenated techniquesOptimization of conditions in RPLC x RPLC

For a given 1TG

Column geometry (dc, dp, Lc)

Sampling rate

Flow-rate in 1D

Given
Max pressure (1100 bar)
Column flow resistance (800)
Max temperature (80°C)
Extra column variance (6µL²)
Solutes (S, Mw …)
Co-solvent (ACN)
 (60%)

Sarrut and Heinisch J. of Chromatogr. A, 1421 (2015) 48–59; J. of Chromatogr. A,  1498 (2017) 183 

0.5

3
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Chromatography & Hyphenated techniquesTwo-dimensional LC and quantitative analysis

M. Iguiniz; E. Corbel; N. Roques; S. Heinisch, Talanta 195 (2019) 272 
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Marie-Saint Germain et al., J. of Pharm. and Biom. Anal., 208 (2022) 1144

Count
s

BPC / RPLC x RPLC - HRMS

86 % space occupation

RPLC-HRMS
130

RPLCxRPLC-
HRMS

240

+90%

RPLC-
HRMS

430

RPLCxRPLC-
HRMS

900

RPLCxRPLC-UV
1600

+110%

+90%

Identify intrants in wastewater treatment plant: RPLC xRPLC on ionisable compounds

Peak capacity

Number of detected peaks
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Chromatography & Hyphenated techniquesComparison of natural products: HILICxRPLC on polar compounds 

Visual monitoring of saponin extract from Quillaja Saponaria

N° m/z Name R0 R1 R2 R3 X

1 2151 QS18 Xyl H Glc Api FA-Araf

2 1989 QS21 Xyl H H Api/Xyl FA-Araf

1a 2019 QS18-Api Xyl H Glc coupé FA-Araf

2a 1857 QS21-Api Xyl H H coupé FA-Araf

Lecas et al. J Sep Sci 2021;44:3070–3079

HILIC x RPLC - MS
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Chromatography & Hyphenated techniquesPrincipe of supercritical fluid chromatography (SFC)

30 % MeOH

30 % MeOH 
170 bars 125 °C

CO2 pur
73 bars 31 °C

E. Lemasson et al., J. Chromatogr. A 1408 (2015) 227 – 235

Conditions de travail 
140 bars 40 °C

Interactions dipôle-dipôle
Liaison hydrogène

Interactions dispersives
Interactions π-π

Pump 1 Injector DetectionColumn

MSPump 2 Column Injector

1st Dimension
LC

2nd Dimension
LC or SFC

Mobile phase CO2 / 
co-solvent BPR
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Chromatography & Hyphenated techniquesPhytosterols analysis from microalgae

Phytosterols :

– Analogous compounds  

➢ Great structural similarity → Separation and identification difficult 

Nutraceutical 
industry

•Search for new sources 
of bioactive lipids

Cultivation of 
microalgae

•Access to phytosterols
not present in terrestrial 
plants

Phytosterols

•Regulation of cholesterol
levels

•Production of many 
hormones

Cholesterol SitosterolCampesterol

FucosterolStigmasterol

Spinasterol

Ergosterol

Chlorophycea Scenedesmus
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Sum of EIC

Cholesterol

Ergosterol

Campesterol

Sitosterol

Fucosterol

Spinasterol

stigmasterol

Sum of EIC

Ergosterol

Cholesterol

spinasterolStigmasterol

Campesterol

Sitosterol

Isomer EIC 397

Isomer
EIC 383

Analysis of sterols in Chlorophycea Scenedesmus: RPLCxSFC for neutral compounds

standards target analysis untargeted analysis

BPC

MS1
m/z 369.3526

MS2
Tentative structure
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Chromatography & Hyphenated techniquesLignin oligomer characterization

ANR Biopoliol
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Chromatography & Hyphenated techniquesLignin oligomer characterization: LC x SFC- MS/MS for neutral compounds

Molecular network of > 400 molecules and 
isomer annotation

Compounds with DBE >=4
Yellow dots: isomers 341.103 m/z 
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Two-dimensional liquid chromatography (coupled to mass spectrometry) offers huge peak capacity essential to 
the analysis of complex samples, especially for untargeted analysis

RPLC x RPLC is a efficient combination for ionisable compounds

RPLC x HILIC is technically more difficult, but interesting for very polar compounds (ionisable molecules or 
glycosides) 

RPLC x SFC (offline or online) is an alternative technique for neutral compounds. Especially attractive for 
positional isomers

2DLC is complex to optimize but generate massive amounts of information on a sample. 
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Chromatography & Hyphenated techniquesEquipe Chromatographie et Techniques Couplées

Semi-Préparative: CPC, LC et SFC

LC unidimensionnelle
• Waters I-Class
• Waters UPLC
• Agilent 1260

LC x LC
• 2 Agilent Infinity II 1290

• 1 Waters I-Class II

SFC
• Agilent Infinity II 1290 SFC 
• Waters UPC²

IM-QToF
• Agilent 6560

MS simple 
quadrupole 

• Agilent MSD
• Waters QDA
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