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* Introduction
- What is multi-dimensional chromatography?
- Molecular interactions

e Methods using multi-dimensional chromatography
- lon-pair chromatography
- Coupling phases of distinctly different chemistries
- Coupling phases of complementary chemistries
- Multi-dimensional chromatography on a single phase

« Summary/Conclusions
* Q&A
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* What is meant by multi-dimensional
chromatography?

- The use of multiple molecular interactions to impart separation
of target analytes

* Types of molecular interactions:
- Dispersive (hydrophobic, partition, transient interactions)
- Polar (dipole-dipole, hydrogen bonding)
- lonic (ion-exchange)

- It iIs a combination of these molecular interactions that result in
retention and resolution
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« C18 stationary phases are

CHg CHj .
c::H2 C:ZH2 by far th.e mc?st utilized
CH, CH, * Work primarily on
CH, CH, dispersive interactions
(Clin)lo (Csz>10 * Strong efforts have been
CHz ik made by manufacturers to
CH H minimize other
CH e interactions
b gHagrs b gHagHs
CH3CH2CH—|Si—CHCH2CH3 CH3CH2CH—|Si—CHCH2CH3
(‘3 OH OH OH <|3
/ / / /S/lca bstrate / /
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 What if there is no retention on C18 for a particular
target analyte?

 What if dispersive interactions alone do not result in
resolution?

* There is often the need to invoke additional
Interactions for a given analysis (multi-dimensional
chromatography)




* Methods for adding additional interactions:

- Addition of mobile phase modifiers to the existing C18 system
(lon-pair reagents, for example)

- Coupling columns of differing stationary phase chemistries
* Distinctly different
« Complementarily different

- Use a single stationary phase that permits dispersive, polar
and ionic interactions
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* The addition of ion-pairing agents imparts an ionic interaction
on top of the dispersive interactions available on C18 phases

3"5/\\/'“\,/\\_/ ﬂ
G"f “nn /_F ' Er

Ma™* Kk
Heptanesulfonic Acid Tetrabutylammonium bromide

* Tend to be non-volatile and can suppress ionization in LC/MS
systems

* Due.to the dynamic situation, reproducibility often suffers
* Gra ts?
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Couplmg_CZiJumnsl of leferl
Phase Chemistries — 2D Separatlons

e Different stationary phase chemistries may impart
supplemental interactions to a separation system

- A more polar phase may induce retention of a more polar target
analyte, while a C18 may best retain a neutral component

- An ion-exchange column may be used to fractionate a complex
mixture prior to separation via dispersive interactions on a C18
« Considerations

- Can the mobile phase be altered such that only one of the phases is
affected?

- What phases provide alternative interactions to C18?

- Can a single mobile phase condition be used to utilize both phases?
- When is this a viable alternative?

- What are the consequences?
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CHj

F F
——3—— 05— (CHy)17CH3 ESi—o—/‘Si
F
CH3 F
Alkyl (C18, C8) primarily Polar Reversed-Phase
dispersive interactions (PFPP), dispersive, polar and

ionic interactions

|
—8i— (CHyly— @—SGE-W
|

lon-exchange (SCX,SAX),
primarily ionic interactions
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 Most common multidimensional chromatography is
performed using distinctly different phases

- |IEX and RP

e The intention is typically to reduce the complexity of
a sample

- Protein digests




B-Galact
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osidase

From E. Coli

Trypsin digestion of Beta-Gal gives around

100 to 150 peptides.

Protein MW : 116484Da
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Compliments of Qian Chen, The Pennsylvania State University
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TIC
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TIC of 2-D LC/LC/MS results.
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e Unique in that a mobile phase change effects one
phase but not the other (in theory!)

- Increasing the ionic strength in the IEX dimension minimally
affects the elution from the RP phase

- Increasing the organic composition of the MP in the second
step, minimally affects the IEX

- Reasonably easy to control
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e Coupling two different RP stationary phases with
complementary interactions is different

- A change in mobile phase will usually affect both columns as
the interactions are not as distinct

- Simultaneous separation rather than fractionation/separation
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log k' C18 vs Log k' C8

log k' C18
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log k' correlation between C18 and HS F5
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CH3

lidocaine (m/z 235)
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o > TR

diphenhydramine (m/z 256)

nortriptyline (m/z 264)
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amitriptyline (m/z 278)

Run on C8 and C18 under
identical conditions and compare
selectivities

Run on C18 and F5 under
identical conditions and compare
selectivities
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F5, 40:60
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F5-C18, 40:60
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Coupled C18 and HS F5

«Common issue when
coupling: The mobile
phase conditions are not
optimal for each column
chemistry

*Presents difficulties in
optimizing the
interactions on BOTH
phases
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ionary Phases

e Situations arise where coupling of complementary
phases works

- Late stage method development where a “new” impurity is
discovered

* In most cases properly choosing a single stationary
phase with the needed interactions will suffice
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« Alkyl phases do not complement polar/ionic
Interactions

 Polar interactions are of a secondary nature
- Difficult to control
- Highly variable

* Polar-RP phases, by design, provide polar/ionic
Interactions, which |Provide alternative selectivity

F F *Dipole interactions
‘ |EX interactions
—S—O /S| *Dispersive interactions
F
F R4
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Multi- Dlmenﬁlenal Separati‘@&
on a Single Stationary Phase

“U-Shape” Retention on Discovery HS F5
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* Retention and separation are a manifestation of
various interactions

- Dispersive, polar, and ionic
e Traditional alkyl phases primarily complement
dispersive
- Polar interactions are secondary
 Polar RP phases are designed to provide polar and
lonic interactions
- Improved control
- Increased ruggedness
- Alternative selectivity
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* Multi-dimensional chromatography involves the use of
multiple interactions to impart a given separation

- Mobile phase additives
» Generally impairs LC/MS detection

- Coupling columns packed with distinctly different phases
* Fractionate/separate
* Mobile phase adjustments, in theory, affect one phase but not the other
» Generally easy to control

- Coupling columns packed with complementary chemistries
- Separate/separate
* Mobile phase adjustments tend to effect both phases

« Often difficult to maximize the benefits of each phase with a single set of
mobile phase conditions
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- Multi-dimensional chromatography on a single phase
* Many stationary phases available that permit multiple interactions

* Understanding these interactions permits one to maximize their
utility for a given separation

» Often the easiest mode of multi-dimensional chromatography when

the appropriate phase is chosen
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