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CHROMATOGRAPHY

 Analyte are separated into components during
chromatography.

e Separation occurs because of differential
interaction of analyte with the stationary phase.
 Analyte that do not interact with the stationary
phase move through the column at the speed of the
mobile phase.

* Analyte that interact irreversibly with the
stationary phase don’t move at all.

* Analyte that interact to an intermediate extent

move at an intermediate velocity.

 The mobile phase velocity is expressed as either
volumetric flow ratécm?’/s) or linear flow rate
(cm/s).

e The linear flow rate depends on the volumetric
flow rate, the column volume, and the fraction of the

volume occupied by the stationary phase.
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CHROMATOGRAPHY

Vord
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e The molecule moves with the velocity of the
solvent when in the mobile phase and moves with
zero velocity when in the stationary phase.
e Retention time for unretained substance (a
substance that does not interact with the stationary
phase) 1s given the symbol t ..
Volume to elute the unretained sample is the
void volume, V.
e V,, isequal to the volume of the column that is
filled with mobile phase.
e The retention timeor analyte is t,
 The adjusted retention time, ts the time the
molecule spends on the stationary phase

t'=t -t
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CHROMATOGRAPHY

The capacity factonf a peak, k, is defined as

capacity factor = k' = :_r _L-ty

m tm

_t, - t,, _ time spent in stationary phase

k' . : .
tm time spent in mobile phase
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BAND BROADENING

e Chromatographic peaks are often described as
Gaussian functions or the convolution of a Gaussian
with an exponential. Practically, we describe peaks in
terms of their width, either at half-height or at

baseline.

e The number of theoretical plates, N, is defined as
N =16 (t/W)* = (t/! )*=5.55 (t/w,,)*

where W is the width of the peak at the baseline, t, s
the retention time, w,,, 1s the full width at half height,
and ! is the standard deviation of the Gaussian peak.
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BAND BROADENING

 The height equivalent to a theoretical plate,
HETP, is the length of column required to produce
one equilibrium step in an extraction model of the
separation

HET.P=L/N

where L is the length of the column.
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BAND BROADENING
® There are three classic physical phenomena that
result in peak broadening
1. Molecular diffusion

Due to thermal energy, molecules tend to move
in random directions. This random motion leads to
peak spreading as some molecules (at random) move
a bit faster or slower than average.

The peak spreading due to diffusion is
proportional to the square root of residence time:
l2=Dt,
where D is the diffusion constant. To get narrow
peaks, it is appropriate to use high velocity to

minimize the residence time.
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BAND BROADENING

2. Eddy diffusion

There are lots of different paths through a
column packed with spherical particles. The
different paths yield different distances that
molecules must travel from the front to the end of the
column. At a constant velocity, differences in path
yield differences in retention time and band

broadening.

The eddy diffusion effect is independent of the
velocity of the sample stream and simply depends
upon the packing geometry of the column. Note that,
to obtain a given transit time through the corridor, it
1s necessary to use higher pressure as we more tightly

pack the column with stationary phase.
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BAND BROADENING
3. Resistance to mass transfer

It takes time for molecules to adsorb and desorb
from the surface of the stationary phase. During the
time that the molecule 1s adsorbed, the free molecules
will travel down stream, leading to band broadening.
Molecules that have high partition coefficients are
particularly sensitive to this process since they spend
a lot of time attached to the column.

To minimize the resistance to mass transfer
contribution of band spreading, it i1s appropriate to
use a very low flow rate. At zero flow rate, the peak
does not move down the column so that any variation
in adsorption or desorption will not influence the
peak width.
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BAND BROADENING

To first approximation, the height equivalent to a
theoretical plate is given by the van Deemter
equation
HETP.=Lm=A+B/u+Cu
where u 1s the mobile phase flow rate, A is a constant
associated with eddy diffusion and injection or
detection volume, B 1s a constant associated with
diffusion, and C is a constant associated with

resistance to mass transfer.
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RESOLUTION

 If we are trying to separate a mixture of two
substances, we are interested in the ability of the
column to separate them. The measure of the
separation of two Gaussian peaks 1s called the

resolution and is defined as
T, - T,
0.5 (W2 + Wl)

where T, 1s the retention time of compound n and W,

Resolution =

1s the width of peak n at the baseline.
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GAS CHROMATOGRAPHY

 The Nobel Prize in Chemistry was awarded to
Martin and Synge in 1952 for their work on gas
chromatography.

 The technique underwent much development in

the 1970's and 1t 1s a rather mature area of research.

e GCis avery powerful technique for the analysis

of volatile substances.

e GCis used for petroleum, drug, environmental,

and pesticide analysis.
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GAS CHROMATOGRAPH
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 In gas chromatography, the mobile phase is a
gas, almost always from a high-pressure gas cylinder.
 The pressure of the gas is controlled with a flow
regulator, which is a mechanical device based on the
gas pressing against a spring.

 The sample is injected into the flowing gas,
usually with a syringe.

 The components are separated in a column,
which is held in an oven, usually at ~200 °C.

A detector measures the amount of material

exiting the column.

http://faculty .washington.edu/dovichi/CoursePages/chem426.html



