Chromatographic

separations

Chapter 26




It is all about “Reducing
Interferences”

Table 24-1

Mcthods for Eliminating Interferences

tn a Chemical Analysis

Method

. Masking

. Mechanical phasc scparation
a. Preciptation and filiration

h. Distillation
c. Extraction

d. lon exchange

Basis of Method

Fmvmaobilization of inmerferent as a
nonreactive complex

Ddlerence i solubility of
compounds formed

Diflerence in volatifity of compounds

Difterence in solubility in two
immiscible liquids

Diftercnce in stability of reactants
with an ion-exchange resin

. Chromatography

. Electrophoresis

Difference in rate of movement of a
solute through a stationary phase

Ditference in migration rate in an
electrical field gradient




Chromatography basics

B Mobile and Stationary
phase

m Refention - Migration
® Bands or zones

m Equilibrinm!

Colummn vs. planar
[iguid vs. gas vs. SF
High vs. low resolution
Partition

Adsorption

lon excchange

Size exclusion




Chromatography

A. Column Chromatograpgy, B. Planar Chromatograpgy

General Classification Specific Method Stationary Phase Type of Equilibrium

Liquid chromatography (LC) Liquid-liquid, or partition Liquid adsorbed on a Partition between immis-
(mobile phase: liquid) solid cible liquids

Liquid-bonded phase Organic species bonded Partition between liquid
to a solid surface and bonded surface

Liquid-solid, or adsorp- Solid Adsorption
tion

Ion exchange Ion-exchange resin Ion exchange
Size exclusion Liquid in interstices of a Partition/sieving
polymeric solid

Gas chromatography (GC) Gas-liquid Liquid adsorbed on a Partition between gas and
(mobile phase: gas) solid liquid

Gas-bonded phase Organic species bonded Partition between liquid
to a solid surface and bonded surface

Gas-solid Solid Adsorption

Supercritical-fluid chroma- Organic species bonded Partition between super-
tography (SFC) (mobile to a solid surface critical fluid and bonded
phase: supercritical fluid) surface




Column Chromatography

Mobile phase

Sample

v il =%Fr %3

Packed
column

Dilution &
Peak broadening

+—— Detector

signal

Detector




Chromatography: Peak separations
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Chromatography: Peak Resolution

Poor resolution

More separation
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Chromatography:

Distribution Constant (recommended by IUPAC)
(old term: partition coefficient)

A mobile <> A stationary

stationary
mobile

Cs=ng/Vs, Cy=ny/Vy
K ~ constant = linear chromatography

>>>K >>> Retention in the stationary phase = Retention times

How to manipulate K?




Chromatography Retention Times
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ty; = retention time of mobile phase (dead time)

tp = retention time of analyte (solute)

ty = time spent in stationary phase (adjusted retention time)
L = length of the column




Chromatogr aphy: Velocities

Linear rate of solute migration!
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Chromatography

Velocity/Retention time and Kc
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Chromatography

Velocity Relationships

CMVM
Cy Vi +CsVs
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Chromatography

Retention Factor : are we there yet?

1
1+ KV, 1V,

k, = K\V,/V,, (RetentionFactor)

V= pu X

V = X L
“ 1+k,




Relative retention time:
RRT = t/tg,

tg, = retention time of internal standard




Chromatography

Selectivity Factor: can you separate from your neighbor

B retained more than A =2 a >1

<B Distribution

a -
( Constant
A

X
(A

Retention factor

a

kA _ (tR)A B tM and kB _ (tR)B B tM
tM 1:I\/I

o = (tR)B — by
(tR)A - tM

Retention time




Chromatography

Column Efficiency - Theoretical Plates
Plate and Rate Theories

Analyte profile ' plateheight
at end of packing

numberof plates
L

lecules =

Number of m«

m
o
L

Distance migrated =———3%

Packing
3 3
s . -

Sample in Detector

L = length of column packing

o = standard deviation 62/L-> variance per unit length.




Chromatography

Relation between column distance and
retention times

L = columnlength(distance)
o = standarddeviationin distance
t. = retentiontime

Analyte profile
at end of packing

cules =

e

7 = standarddeviationin time
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Chromatography

Relation between column distance and
retention times

Analyte profile
at end of packing
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Chromatography

Determining the Number

of Theoretical Plates

N = numberof pates

t 2
N = 16(—Rj
W
2
N = 5.54(t—Rj
W1/2

Time



Summary of Plate Theory

m Successtully accounts for the peak shapes
and rate of movement

B Does not account for the “mechanism”
causing peak broadening

m No indication of other parameters’ etfects

m No indication for adjusting experimental

parameters




Rate Theory

m Zone broadening is related to Mass Transfer

processes




Column Efficiency

Kinetic variables
TABLE 26-2 Variables That Influence Column Efficiency

Usual
Variable Symbol Units

Linear velocity of mobile phase cms

Diffusion coefficient in mobile Bk emesT
phase*

Diffusion coefficient in stationary

phase*

Retention factor (Equation 26-12) unitless
Diameter of packing particles . cm

Thickness of liquid coating on p cm
stationary phase

© 2007 Thomson Higher Education




Zone Broadening
Flow Rate of Mobile Phase

T

0.4 0.6 ; ! 40 60
u, cm/s u, cm/s

(a) Liquid chromatography (b) Gas chromatography

Liquid chromatography Gas chromatography

Note the differences in flowrate and plates height scales

Why GC normalluy has high H, but also high overall efficiency?




Zone Broadening

Kinetic Processes
TABLE 26-3 Processes That

Contribute to Band Broadening

Van - Deemter
Equation

Relationship
Termin  to Column* A and vy are constants that
Equation and Analyte

. depend on quality of the
Process 26-23 Properties

packing.

Multiple flow paths A A= ONd;

B 2yD b= = 0
Longitudinal diffusion £ "’t M longitudinal diffusion.
u l

k)d;
Mass transfer to and Catt = ftk)d; U Cs and Cm are

from stationary phase Ds coefficients of mass

£ k)d% transfer in stationary and
Mass transfer in Cult = WAl mobile phase,
mobile phase M

B 1s coefficient of

respectively.

@ 2007 Themson Higher Education




Zone Broadening

Kinetic Processes

Term in Relationship to Column*
Process Equation 26-19 and Analyte Properties

Multiple flow paths VAN DEEMTER PLOT

Longitudinal diffusion H=A+(B/)+(Cxm)

Mass transfer to and from
liquid stationary phase

Mass transfer in mobile phase

Aterm

Average Linear Velocity (1)

Van - Deemter Equation




Zone Broadening
Multiple Pathways

Eddy Diffusion: band broadening
Flow process results from different path
direction lengths passed by solutes.

Directly proportional to the
diameters of packing

Offset by ordinary diffusion
Lower mobile-phase velocity,
smaller eddy diffusion

Stagnant pools of mobile phase
retained in stationary phase.




Zone Broadening
Longitudinal Diffusion

® The higher the [,
the smaller the H

B Much smaller in 1.C
than 1n GC

Ccolumn

ftt11td

* Diffusion

vYvvevey




Zone Broadening
Mass Transfer between Phases

® Slow equilibrium of solute between mobile and

stationary phases

® Time is required for solute molecules to diffuse
from the interior of these phase to there interface

where transfer occur




Zone Broadening
Longitude vs. Mass Transfer

® Longitude
m Parallel to the flow

m Inversely proportional to the flow of the mobile
phase

m Mass Transfer
= Diffusion tends to be right angles to the flow

= The faster the mobile phase moves, the larger the
band broadening
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Chromatographic




Chromatographic Definitions

Name

Symbol of Experimental Quantity

Determined From

Migration time, nonretained species
Retention times, species A and B
Adjusted retention time, species A
Peak widths, species A and B
Length of column packing

Flow rate

Volume of stationary phase

Concentration of analyte in mobile
and stationary phases

M

(tR)a» (IR)
(tp)a

Wa, Wg

L

F

Vs

CM Cs

Chromatogram (Figure 26-6)
Chromatogram (Figure 26-6)
(tR)a = (tR)A — tut
Chromatogram (Figure 26-6)
Direct measurement

Direct measurement
Packing preparation data

Analysis and preparation data




Chromatographic
Relationships

Name

Calculation of Derived Quantities

Relationship to Other Quantities

Linear mobile-
phase velocity

Volume of mobile
phase

Retention factor

Distribution constant

Selectivity factor

Resolution

Number of plates
Plate height

Retention time

=Ly

Vu = tuF

K = (tg — tu)ty

k’
KV
Vg

— (tR)B — Iy
(tR)p — ty

_ 2l(r)g — (tr)]
s Wy + Wp

ir )2

16R2H( « )2 (1 + kg)
\a— 1/  (kp)?

(tp)g =

a—1

(

o

o

5

1+ kb

a—1

I

kg

)2




Quantitative Analysis

m Peak areas
m Peak height
m Calibration and standards

m [nternal Standard method




Summary

% Relate to column chromatography

% Retention times

% Velocities of mobile and component
% Height equivalent of theoretical plates
% Peak or zone broadening

% Resolution



