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• What is 2D-LC?

• Who uses 2D-LC?

• The Solution

Agenda
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What is 2D-LC?
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Two-Dimensional Liquid Chromatography (2D-LC)

When is 
2D-LC 

required?

Sample is too complex 
Mixtures of thousands of metabolites and thus 
outstrip the ability of 1D-LC to entirely separate 
the mixture into distinct components (i.e., singlet 
peaks)  

Compounds are difficult to resolve
Mixtures that are not necessarily complex per se but 
contain several species of interest that are very difficult 
to resolve (e.g., enantiomers, structural isomers)

Definition of 2D-LC

One compound or one fraction is analyzed by two different separation modes (two columns)
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Number of fractions 

analyzed by the second 

dimension

Transfer from the first 

dimension to the second 

dimension
2D-LC

One or few 
fractions

Heart-cut

All fractions

Comprehensive

Two-Dimensional Liquid Chromatography (2D-LC)

2D-LC

Outside the 
fluidic path

Off-line

Inside the   
fluidic path

On-line
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Who Uses 2D-LC?
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Listening to Customers – Our Take on 2D-LC

Requirements

• Complex Samples 

• 2D is go-to solution

• Strong interest from 
Pharma

Advantages

• Complete 
characterization

• Optimize time 

Challenges

• Complex 
Instrument Setup

• Expertise required
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Thermo Scientific Vanquish UHPLC System for 2D-LC

2D-LC

One or few 
fractions

Heart-cut

All fractions

Comprehensive

2D-LC

Outside the 
fluidic path

Off-line

Inside the   
fluidic path

On-line

On-line Single and Multi-heart cut 

for LC-UV-MS peak purity is the 

most frequent customer request
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Thermo Scientific Vanquish UHPLC System for 2D-LC

The User Their Application and Challenge Solving the problem

Mary, Scientist in Pharma 

development/characterization labs

The Thermo Scientific™ Vanquish™ UHPLC 

system for 2D-LC analyzes the sample 

by LC-UV, trapping on a column, washing it to 

remove the not MS compatible solvents, and 

analysis by LC-MS.

• Method from QC without need to adjust it for MS

• Less paperwork to justify differences in the LC-

UV and LC-MS chromatograms

I have an impurity in my LC-UV method in QC.

I need to control the peak purity by LC-MS. 

The LC-UV method uses not MS compatible 

solvents, I need to transfer the LC-UV method 

to MS compatible conditions and repeat the 

analysis

1D

2D

1D – Mobile phase not MS compatible

2D – MS analysis without changing the 1D method
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The Solution
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Thermo Scientific Vanquish UHPLC System for 2D-LC Solutions

Three solutions for 2D-LC

Multi heart-cut with loops Single heart-cut with trap column
– basic setup –

Single heart-cut with trap column

– advanced setup –

1 2 3

One system for 1D and 2D One system for 1D and 2D One system for 2× 1D or 2D
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Thermo Scientific Vanquish UHPLC System for 2D-LC Solutions
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Save bench space – 1D and 2D in one system

Highest application flexibility - customizable faction 
collection and different temperature zones

Workflow with unique, patented features of 2D-LC 
handling

Easy and save capillary connection with Thermo 
Scientific™ Viper™ fingertight fitting installation kit

Easy and customizable instrument and switching valve control

Unambiguous 
peak identity 
confirmation

Separation 
of merged 

zones
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Thermo Scientific Vanquish UHPLC System for 2D-LC Solutions

Three solutions for 2D-LC

Multi heart-cut with loops Single heart-cut with trap column
– basic setup –

Single heart-cut with trap column

– advanced setup –

1 2 3

One system for 1D and 2D One system for 1D and 2D One system for 2× 1D or 2D
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Thermo Scientific Vanquish UHPLC System for 2D-LC – Multi heart-cut with parking loops

Results

B
e

n
e

fi
ts

Sample

Method

Antioxidants in Tea and Olive Oil

Fraction transfer from loops, without 

elution strength reduction

High degree of polarity

162+3

19+20

17

13

+14

+15

2

3

15
14

13 17 16 19

20

1D: Accucore Polar Premium

2D: Acclaim Phenyl-1

Separation of coeluting peaks

Online collection of multiple fractions

User-defined fraction collections 

1

First dimension Second dimension
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Thermo Scientific Vanquish UHPLC System for 2D-LC – Multi Heart-Cut with Parking Loops

How to configure it

1

Technical note TN73184 –
Complementary Dual LC as a convenient 

alternative to multiple heart-cut 2D-LC for 
samples of medium complexity. 

https://assets.thermofisher.com/TFS-Assets/CMD/Technical-Notes/tn-73184-lc-multiheart-cut-alternative-tn73184-en.pdf
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Thermo Scientific Vanquish UHPLC System for 2D-LC – Multi Heart-Cut with Parking Loops

How it works

1D

2D

Grübner, M., Steiner, F.: 
Complementary Dual LC as a 
convenient alternative to multiple 
heart-cut 2D-LC for samples of 
medium complexity, Thermo Fisher 
Scientific Technical Note 73184, 
2019, 
https://assets.thermofisher.com/TF
S-Assets/CMD/Technical-Notes/tn-
73184-lc-multiheart-cut-alternative-
tn73184-en.pdf

More info

1

https://assets.thermofisher.com/TFS-Assets/CMD/Technical-Notes/tn-73184-lc-multiheart-cut-alternative-tn73184-en.pdf
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Thermo Scientific Vanquish UHPLC System for 2D-LC Solutions

Three solutions for 2D-LC

Multi heart-cut with loops Single heart-cut with trap column
– basic setup –

Single heart-cut with trap column

– advanced setup –

1 2 3

One system for 1D and 2D One system for 1D and 2D One system for 2× 1D or 2D
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Thermo Scientific Vanquish UHPLC System for 2D-LC – Single Heart-Cut with Trap Column 
– Basic Setup –

F
e

a
tu

re
s

Sample

Method

Desmedipham and Phenmedipham, 

two herbicides

Fraction transfer with solvent 

modulation

Isomeric compounds

Separation of coeluting peaks

Elution strength reduction before the 2D separation

Better peak shape and increased resolution

Automatic transfer to MS without changing the UV method 
solvents

First dimension Second dimension

LC-UV (Phosphate buffer gradient) LC-UV-MS (Formic acid gradient)

Results
2
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Thermo Scientific Vanquish UHPLC System for 2D-LC – Single Heart-Cut with Trap Column 
– Basic Setup –

How to configure it
2

TN73298 - Flexible HPLC instrument setups for double usage as 
one heart-cut-2D-LC system or two independent 1D-LC 
systems – to be published
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Thermo Scientific Vanquish UHPLC System for 2D-LC – Single Heart-Cut with Trap Column 
– Basic Setup –

How it works

2
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Thermo Scientific Vanquish UHPLC System for 2D-LC – Single Heart-Cut with Trap Column 
– Basic Setup –

How it works

2

2D

1D
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Thermo Scientific Vanquish UHPLC System for 2D-LC Solutions

Three solutions for 2D-LC

Multi heart-cut with loops Single heart-cut with trap column
– basic setup –

Single heart-cut with trap column

– advanced setup –

1 2 3

One system for 1D and 2D One system for 1D and 2D One system for 2× 1D or 2D
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Thermo Scientific Vanquish UHPLC System for 2D-LC – Single Heart-Cut with Trap Column 
– Advanced Setup –

How to configure it

3

TN73298 - Flexible HPLC instrument setups for double usage as 
one heart-cut-2D-LC system or two independent 1D-LC 
systems – to be published

Thermo Scientific™ Vanquish™ Dual Split Sampler
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Thermo Scientific Vanquish UHPLC System for 2D-LC – Single Heart-Cut with Trap Column 
– Advanced Setup –

How it works
3
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Thermo Scientific Vanquish UHPLC System for 2D-LC – Single Heart-Cut with Trap Column 
– Advanced Setup –

How it works 3

action upper valve L lower valve L lower valve R
1D analysis – 2D idle 1_2 1_2 1_2

heart-cut + trapping 6_1 1_2 1_2
1D analysis + trap washing 1_2 1_2 1_2
1D and 2D analysis 1_2 6_1 6_1
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Thermo Scientific Vanquish UHPLC System for 2D-LC – Single Heart-Cut with Trap Column 
– Advanced Setup –

Unique solution

2DLC

Two independent flow paths for 2D-LC or two HPLCs without manual replumbing

3

action upper valve L lower valve L lower valve R

heart-cut + trapping 6_1 1_2 1_2

Single heart-cut Independent LC-UV and LC-MS

action upper valve L lower valve L lower valve R

direct injection 1D and 2D 1_2 6_1 1_2

LC-MS 

LC-UV 

LC-MS 

LC-UV 

1D

2D
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Thermo Scientific Vanquish UHPLC System for 2D-LC – Single Heart-Cut with Trap Column 
– Advanced Setup –

Unique solution

Two independent flow paths for 2D-LC or two HPLCs without manual replumbing

3

Single heart-cut Independent LC-UV and LC-MS

LC-MS 

LC-UV 

2DLC

LC-MS 

LC-UV 

1D

2D 2D Heart-Cut with sample dilution 
using only two pumps

2D Setup for simultaneous operation of 
two 1D methods or one 2D method
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Thermo Scientific Vanquish UHPLC System for 2D-LC Solutions

Three solutions for 2D-LC

Multi heart-cut with loops Single heart-cut with trap column
– basic setup –

Single heart-cut with trap column

– advanced setup –

1 2 3

Investigate multiple fractions Get peak to shape in 2D Maximize system usage:

One 2D-LC or two 1D-LCs
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Thermo Scientific Vanquish UHPLC System for 2D-LC Solutions – Overview

Three solutions for 2D-LC

Multi heart-cut with loops
Single heart-cut with 

trap column
– basic setup –

Single heart-cut with 

trap column

– advanced setup –

1 2 3

Multi heart-cut 

Single heart-cut

Price competitive

Unique solution

Better peak shape in 2D

1D and 2D at different 

temperature

✓

✓ ✓

✓

✓

✓✓

✓✓
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Control Your 

Thermo Scientific Vanquish UHPLC System for 2D-LC
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Thermo Scientific Chromeleon Chromatography Data System

• Control of Vanquish Dual Split Sampler

• Support of Vanquish Duo for Dual LC workflow

• Heart-cut 2D-LC in a single method

• Heart-cut 2D-LC in separate methods

• Custom columns/custom variables

• Hard-coded heart-cut 2D-LC

• Smart-coded heart-cut 2D-LC

• Intelligent Run Control (IRC)

Thermo Scientific™ Chromeleon™ Chromatography 
Data System (CDS) and 

Thermo Scientific Vanquish UHPLC System for 2D-LC
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Download Method from Thermo Scientific AppsLab Library of Analytical Applications

https://appslab.thermofisher.com/

https://appslab.thermofisher.com/App/4336/complementary-dual-lc-as-a-convenient-alternative-multiple-heartcut-2dlc-for-samples-medium-complexity
https://appslab.thermofisher.com/


33

Example: Smart-Coded Method for 2D-LC

• Download method and 

example sequence 

from                  

Thermo Scientific™ 

AppsLab Library of 

Analytical Applications

• No extra tool needed

• High flexibility with 

custom variables

• Start your 2D-LC 

analysis  

More information:

Technical note TN73298 - Flexible HPLC 

instrument setups for double usage as one 

heart-cut-2D-LC system or two independent 

1D-LC systems

– to be published soon

triggers for heart-cut triggers for trap flow
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Software Capabilities in Heart-cut 2D-LC with the Thermo Scientific Vanquish UHPLC System

All the heart-cut LC-MS 

applications presented in this 

presentation where acquired 

with SII for Xcalibur

Chromeleon CDS Thermo Scientific™ 

Xcalibur™ Software

Waters™ 

Empower™

With Thermo Scientific™ Standard 

Instrument Integration (SII) plugin

not needed SII for Xcalibur

Software 

SII for Empower  

Software

support of Vanquish Dual Split 

Sampler
✓ ✓ ✓

support of Dual LC ✓  ✓

heart-cut 2D-LC in one method ✓ ✓ ✓

heart-cut 2D-LC in separated 

methods
✓ ✓ ✓

custom columns/custom variables ✓  

hard-coded heart-cut 2D-LC ✓ ✓ ✓

smart-coded heart-cut 2D-LC ✓  

Intelligent Run Control (IRC) ✓  

Note: Waters and  Empower are registered trademarks of Waters Corp.
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Learn More About 

Thermo Scientific Vanquish UHPLC systems for 2D-LC
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Thermo Scientific Vanquish UHPLC System for 2D-LC Solutions

Technical note TN73184 –

Complementary Dual LC as 

a convenient alternative to 

multiple heart-cut 2D-LC for 

samples of medium 

complexity. 

Technical note TN73298 -

Flexible HPLC instrument 

setups for double usage as 

one heart-cut-2D-LC system 

or two independent 1D-LC 

systems

– to be published soon

Thermo Scientific 

Viper Workflow kit for 

Vanquish online 2D-LC

and

Installation Guide 

- Coming soon

Thermo Scientific 

AppsLab Library of 

Analytical Applications

Searchable online analytical 

method repository:

https://appslab.thermofisher.com/

https://appslab.thermofisher.com/

https://assets.thermofisher.com/TFS-Assets/CMD/Technical-Notes/tn-73184-lc-multiheart-cut-alternative-tn73184-en.pdf
https://assets.thermofisher.com/TFS-Assets/CMD/Technical-Notes/tn-73184-lc-multiheart-cut-alternative-tn73184-en.pdf
https://appslab.thermofisher.com/
https://appslab.thermofisher.com/

