
Liquid Chromatography (Chapter 3):

Four types of high performance liquid chromatography (HPLC):

• partition

• adsorption (liquid-solid)

• ion exchange

• size exclusion or gel

Fig 28-1:
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Instrumentation for HPLC:

• For reasonable analysis times, moderate flow rate required but
small particles (1-10 µm)

• Solvent forced through column 1000-5000 psi - more elaborate
instrument than GC

• Solvents degassed - "sparging"

• High purity solvents

Single mobile phase composition - isocratic elution

Programmed mobile phase composition - gradient elution

Fig 28-4
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Reciprocating Pump (Fig 28-6):

• Up to 10,000 psi, small internal volumes

• Produces pulsation

Sample injection (Fig 28-7):

• Similar to FIA, GC

• Introduce small sample (0.1-100 µL) without depressurization

• Microsyringe/septum system (only <1500 psi)
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HPLC Columns:

• Stainless steel

• 10-30 cm long

• 4-10 mm internal diameter

• 1-10 µm particle size - 40,000-60,000 plates/m

High Speed Isocratic Separation (Fig 28-8):

• 100,000 plates/m
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Gradient Elution:

• Solvent polarity (composition) continuously varied or stepped

Fig 28-5
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Figure 28-18:
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Detectors:

All properties previously discussed and

• small internal volume to reduce zone broadening

Bulk property detectors - measure property of mobile phase
(refractive index, dielectric constant, density)

Solute property detectors - measure property of solute not present
in mobile phase (UV absorbance, fluorescence, IR absorbance)
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UV-Vis Detection for HPLC (Fig 28-9):

sources: • single line (arc or hollow cathode lamp, laser)

• continuum (Xe, D2 lamp)

detector: • photodiode/photomultiplier tube

• photodiode array

Combination of separation and analysis (GC-MS, HPLC-UV-Vis) -
very powerful (Fig 28-10)
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Partition Chromatography:

• Most popular method

• Low molecular weight (mw<3000) analytes

• Polar or non-polar

• Bonded stationary phase column (liquid chemically bonded to
support particles)

3, 5 or 10 µm hydrolyzed silica particles coated with siloxanes

Si O *

R1

R2
n
 

Normal phase HPLC nonpolar solvent/polar column

Reversed phase HPLC polar solvent/nonpolar column
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Normal- (polar column) versus Reversed Phase (nonpolar) elution:

Fig 28-14

Reversed-phase HPLC most common (high polarity solvent, high
polarity solutes elute first)

R is C8 or C18 hydrocarbon (Fig 28-15)

faster elution higher resolution
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Column Optimization in HPLC:

Can optimize k' and α

More difficult than GC

- in GC mobile phase just transported solute

- in HPLC mobile phase interacts with solute

Analyte Polarity:

hydrocarbons<ethers<esters<ketones<aldehydes<amines<alcohols

Stationary Phase Choice:

Choose column with similar polarity to analyte for maximum
interaction

Reversed-phase column (nonpolar)

R hydrocarbon

Normal-phase column (polar)

R cyano (C2H4CN) most polar

diol (C3H6OCH2CHOHCH2OH)

amino (C3H6NH2) least polar
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Mobile Phase Choice:

Polar ("strong") solvent interacts most with polar analyte (solute) -
elutes faster but less resolution

Strength characterized by polarity index P'

ranges from -2 (nonpolar) to 10.2 (highly polar)

in a mixture

P'AB = φAP'A +φBP'B

fraction in mixture

In HPLC, capacity factor k' can be manipulated by changing solvent
composition

best resolution/time when k' = 2-5

k'2
k'1

=10 P' 2 −P'1( ) /2
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Table 28-2:
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Size Exclusion Chromatography (Gel Permeation):

• Used for large mw compounds - proteins and polymers

• Separation mechanism is sieving not partitioning

• Stationary phase porous silica or polymer particles (polystyrene,
polyacrylamide) (5-10 µm)

- well-defined pore sizes (40-2500 Å)

1. Large molecules excluded from pores - not retained, first
eluted (exclusion limit - terms of mw)

2. Intermediate molecules - retained, intermediate elution
times

3. Small molecules permeate into pores - strongly retained,
last eluted (permeation limit - terms of mw)

Table 28-6:
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Retention related to size (and shape) of molecule

  

Vt
total
{ = Vg

gel or
solid

{
+ Vi

inside
pores

{ + Vo
outside
pores/

free−space

{

Vo retention volume for non-retained (large) molecules

(Vo+Vi) retention volume for retained (small) molecules

(Vo+KVi) retention volume for intermediate molecules (K=cs/cm)

Fig 28-27

• Separation of proteins/peptides, sugars, determination of polymer
molecular weight distribution
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