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*For these techniques the combination of mobile and stationary phase can be varied to genet&e either a normal phase or reversad phase system. Mechanisms
which have been exploited in the various techniques are identified as: 'adsorption, *partition, *bonded phase, ‘ion exchange, %ion interaction, %size exclusion
Taffinity, "micellar, "chelation, "ion exclusion,

Fig. 1.3. Classification of chromatographic systems.
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Figure 28-1 Applications of liquid chromatography. (From D. L. Saunders, in
Chromatography, 3rd ed., E. Heftmann, Ed., p. 81. New York: Van Nostrand Reinhold, 1975.
With permission.)
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Normal Phase Chromatogr

Normal Phase - a polar ste
less polar mobile phase.

Neutral solute
their polarity.
retention time.
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Normal Phase Chromatogre )

Mechanism of Retention

Dominant retention mechanism is &
adsorption chromatography.

Selectivity depends on re
The spatial configure

stationary phase it
differences). -
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Wide range of statia

used:

sucrose

starch

fluorisil
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Normal Phase Chromatography

Stationary Phase for Normal-Pha

Most common - silica or alumina tha
on the surface.

Silica is preferred - availak ost, allc
loadings, less like COmMpo
components.

Bonded phases with pc
diol (2-OH groups) «
to silica




Normal Phase Chromatoc

Stationary Phase for Normal-

Most common - silica or alumina t
on the surface.

Alumina is used for
strongly retai

In general, both retai
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Normal Phase Chromatograpfr

Stationary Phase for Nor

Order of elution: saturated hydrocarbc

aromatic hydrocarbc ganic ha
(ROR) < nitro com rs (RCH
ketones < alco

< carboxylic acid




E—— e —

Chm Natodrap

Normal Phase Chromatograpfr

Stationary Phase for Normal-F

Silica adsorption sites (-Si-OH, -OH g
pretreatment of column.

Usually silica for HPLC tre yetween 200

Drawback of normal
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surface area.
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Normal Phase Chromatoc

Mobile phase - solvent strengt

Variation in retention is generally ac

The interaction of a solvent molecule w
forces: dispersion, d ydrogen bc
interactions (electrice ..

i vl

The extent of a molec
the polarity of the

The chromatographic st
polarity. -
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Mobile phase - solvent streng

There are 4 main factors invol

normal-phase chromatography:
- Solvent strength,
Localization - mea f the intere
stationary phase |
Basicity,
UV cutoff.

The strengths o
and are listeo




Chromateography

Normal Phase Chromatography

Mobile phase - solvent strength

Index of solvent strength is given by the experimental adsorption
solvent strength parameter, &°.

€° - A measure of adsorption energy per unit area of solvent.
A listing of these values is called an eluotropic series.

Range from -0.25 to +1.2.

An increase in €°- means a stronger solvent giving lower retention
of a solute. Solvents with high €° values are strong solvents,
and will more easily elute the more polar analytes.

e ——— o, Chem55,70_
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Normal Phase Chrome

Mobile phase - solvent st

Solvent Solvent stre
Silica

n — Heptane 0

Chloroform 0.2

Methanol

Hexane, Heptane - nc
strength. Choose
greater €° until de
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Normal Phase Chromatograph)

Mobile phase - solvent strengtf

Solvent molecules with polar functio
position relative to nearby silanol gr
stationary phase).

Therefore the stationar / pn
solvent molecules

The competition betwe
sites is an importa

Solvents that are not pc
phase very
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Mobile phase - solvent st

Biggest problem with normal phas
the activity of polar adsorbents.

Water adsorbs onta
weaker sites o
retention.
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Mobile phase - solvent st

Difficult to control amount of wa
pick up water n atmosphere
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Normal Phase Chromatograph)

Mobile phase - solvent strengt

Separation of Molecules with Diffe

The hydrophobic portion of an analy
on separation, for e> e, butanol,
cannot be well separ g horma
(but they can be

If a molecule has sev
based on the most




Normal Phase Ch
Applications

Normal phase used less tha

Used for analysis of samples tha

for isomer sep







Normal Phase Chroma_to-

1. alpha-Tocopherol
2. Menadione

A p p I Ications 3. gamma-Tocopherol

4. Chlolecalciferol

Analysis of fat-sol
vitami
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Reverse-Phase Chromatogre

Most widely used of LC modes (c

Uses a non-polar stationary phz

More polar the solute, the lower tf

Mechanism of separatia

More complex tha

Interaction between S
phase is too weal
observed.

Mechanism - combina
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Reverse-Phase Chromatoc

Mechanism of separation

Solvophobic theory

Assumes: :
using aqueous mok
stationary phase is L
solute binds ta

area of solute
stationary pha:s




Reverse-Phase Chromata

Mechanism of separation

Solvophobic theory

Retention occurs because
mobile phase composit
stationary phase (be

Partitioning theory
Solute is thought to fu
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Reverse-Phase Chromatc

Mechanism of separation

Partitioning theory

As the chain length of tf led materi
mechanism is mo i

Short chain lengths




Reverse-Phase Chrom

Stationary Phases

Majority - bonded silica - also pc
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Stationary Phases - Bonded [

Functional group is chemically atta
normal phase).

Attaching groups to the
silanol groups. '

Most common methao
produce siloxane
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Stationary Phases - Bonc
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Stationary Phases - Bondec
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Stationary Phases - Bondec

MESVAANS

11 I

c
+ X a —s{ ——{(CHy),,CH,
cl

OH
—S] —(CHY,CH,
OH

AN

— e

SR

. ACH)CH,

tin

0  ACH)/[CHy
W N | ACH:)1CHy

~

b d

—_n_n

/
/
/
/
/
/
s
/
/
/
P
/
/
/
/
7
/

NN

y

!



Chm Natodrap

Reverse-Phase Chromatograg
Stationary Phases - Bonded p

Amount of material bonded to the s
load - amount of carbon as a weig

Example: Monofunctiona carbon load

Monofunctional prefert
variation.

Higher the carbon load,

The maximum sample
2 mg sample/ g of st




Reverse-Phase Chromatc

Stationary Phases - Bonded

Identify the column by the nature o
C,g - most common.

Others — Cg, phenyl, C,

Retention increases




Reverse-Phase Chromaitc

Stationary Phases - Bondec
Not all silanol groups are functione

These residual acidi
compounds.

So usually after fu
is done.

This procedure uses cl
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Reverse-Phase Chromatoc

Stationary Phases - Bonded ¢
Characteristic of bonded silica colu

Stability of bonded phases are largely |i

- mobile phase pH must pt between

Below pH 2 - hydroly ic
- decreasing retentic

Above pH 8, silica dissc
- creating voids in the pe
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Mobile Phases - Solvent

Classification scheme developec
properties such as proton do
There are eight groups of solvents.

proton acceptor

VII ;

dipole interaction

proton donor

Fig. 6.15. The solvent classification triangle which illustrates the eight selectivity groups determined by
polarity and selectivity. Modified with permission from Snyder (1974) J. Chromatogr., 92, 223.
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Reverse-Phase
Mobile Phases - Sol\

Table 6.6 Classification of solvents according to their groups.

Group Solvents

[ Aliphatic ethers, hexamethylphosphoric acid amide, trialkyl amines

I Aliphatic alcohols, methanol

[T Pyrine derivatives, amides, glycol ethers, sulfoxides, tetrahydrofuran

v Glycols, benzyl alcohol, acetic acid, formamide

\% Methylene chloride, ethylene chloride

VI Tricresyl phosphate, aliphatic ketones and esters, polyethers, dioxane, sulfones, nitriles,
polypropylene carbonate, acetonitrile

VII Aromatic hydrocarbons, nitro compounds, aromatic ethers

VIII Fluoroalkanols, m-cresol, chloroform, water

Data from Snyder [17].
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Mobile Phases - Solvent class

Example:

Group VIII - good proton donors anc

Group | - good
hydroxylated so

Group V - dipole inter:
have a large dipole
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Mobile Phases - Solvent stre

Expressed as a function of polarit
Solvent polarity para

Lower the value of P’
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Mobile Phases - Solvent

The eluotropic series are com
chromatographic polarity.

Water is genera he base

determined b ith anc

Mol
Q o\a< o 900/

Mobile Phases

Acohod Acetronitnie THF

Hexone
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Mobile Phases - Solvent stre

Example:

50:50 H,0/CH,OH weaker mobile pf

50:50 H,Oftetrahydr

Generally solute rete
volume additio

Example:
50:50 H,0/ CH,0OH
45:55 H O/ CH O
55:45 HZO/
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Reverse-Phase Chromatograp

Mobile Phases - Solvent strenc

Methanol is most widely used orge
off (205 nm), reasonable eluting

Acetonitrile has a lowe V. cut-off
properties, more expe

Tetrahydrofuran nex

To find optimal mobile
phase (more organ
until desired retenti
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Table 6.7 Solvents commonly used
with reversed-phase chromatography.

Solvent o
Water 10.2
Dimethyl sulfoxide Y

- Ethylene glycol 6.9
Acetonitrile 5.8

1 Methanol o A |
. Acetone 3.1
Dioxane 4.8
Ethanol 4.3
Tetrahydrofuran 4.0

Isopropanol 29

Data from Snyder and Kirkland [4].
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Reverse-Phase Chromatograp

Mobile Phases - Solvent select

Once a binary mixture of a desired
altered by changing the organic
constant eluotropic strength.

Example: 3 mobile phase 70 CH,OH/

THF/H,O -all give equal out differe

There are many diffe
remember is:

$ACN = 0.77 $CH,OH

¢THF = 0.66 ¢C
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Reverse-Phase
Mobile Phases - Sol

Once the best selectivity i
varying the percent of orga
= -

Table 6.8 Relative strengths of binary water:organic modifier mixtures.

Methanol (%) Acetonitrile (%) Tetrahydrofuran (%)
30 22 16
40 32 23
50 40 30

60 50 36
70 60 43
80 73 52
90 87 62




Reverse-Phase C

Applications

With RPLC best

separations are of
neutral solutes

that are soluble in
water or other
relatively pole
solvents with
molecule weig
less than 2000-

Hydrocarbons was
the first group
eparated with

erse phase.

Fig. 6.18. Separation of fatty acids by reversed phase chromatography. A Waters Free Fatty Acid
Analysis Column was used with a mobile phase of 45/20/35 ACN/THF/water at 1.5 ml min~—!. RI detection
was used. Solute identities: 1, capric acid; 2, lauric acid; 3, myristic acid; 4, palmitic acid; 5, stearic acid;
6, nonadecanoic acid; 7, arachidic acid; 8, heneicosanoic acid; 9, behenic acid. Reprinted with permission
from Waters Sourcebook of Chromatography (1992), Millipore Corporation, Milford.



Reverse-Phase Chromata

Applications

Largest HPLC reverse phase |
analysis.

Clinic labs - analysis
detection.

Also amino acids, p

Analysis of food - be
aflatoxins, sweetne
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Fig. 6.19. Separation of catecholamines in urine by RPLC. A Waters Nova-Pak column was used with a

mobile phase of 50 mm sodium acetate, 1 mm octane sulfonate, 0.1 mm EDTA in 96:4 water:MeOH.
~ Amperometric detection was used. Solute identities: 1, noradrenaline; 2, adrenaline; 3, dihydroxybenzy-
- lamine; 4, dopamine. Chromatogram courtesy of Waters.
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Basic Theory of HPL

For HPLC, the separatio
concepts:

Capacity, efficienc ectivity a
Capacity and se
the manufactur

Efficiency and re '




Basic Theory of HPLC

Capacity Factor

For effective LC separations, a col
samples.

Capacity factor — k’ - of € I is a dire
the interaction of the s N1 the packi
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Basic Theory of HPLC
Capacity Factor

Capacity factor of a column is mos
but can be manipulated to son
strength.

Higher k' - the greater
analysis time.

k’, values range 1-10

Usually k' between 2- |
and resolution.
k' -too low - sol




Basic Theory of HPLC
Selectivity

Selectivity or separation factor, o,
relative to each other.
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Resolution

Resolution, R or R,- degree of se
peaks. R Is affected by selectivit
of the column.
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Resolution
When the two peaks are just resc

Increasing efficiency

only gain 1.4 in res

Better to change
capacity factor,
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Basic Theory of HPLC

Efficiency — can be defined as

Determined by the column length a

Efficiency (N) describes peak broadenin

IS described in terms ber of the

P

the column - the less b ading.

N =16();
w’

Typical ODS-C18 colu
N~6250 H= I‘
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Efficiency
For a given particle size, mc
gained by increasing column
longer chrome 1iC run time
higher backpres r colu
variables but ical ¢
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Efficiency
A column of the same leng

will deliver m chanical
However, | e will be

50mm
5 micron

50mm
1.7 micron













