Separations---Chromatography and Electrophoresis

Chromatography--one of most diverse and important
analytical methods--

eUsed initially primarily to purify species

*With advent of sensitive detectors---now used
often as method of choice for qualitative and
guantitation of given analyte, or several analytes
simultaneoudly!
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TABLE 26-1 Classification of Column Chromatographic Methods

phase: supercritical fuid)

General Classification Specific Method Stationary Phase Type of Equilibrium
Liquid chromatography (LC) Liguid-liquid, or partition Liquid adsorbed on a Partition between immis-
(mobile phase: liquid) solid cible liquids
Liguid-bonded phase Organic species bonded Partition between liquid
to a solid surface and bonded surface
Liquid-solid, or adsorp- Solid Adsorption
tion
lon exchange lon-exchange resin lon exchange
Stze exclusion Liquid in interstices of Partition/sieving
polymeric solid
Gas chromatography (GC) Gas-liquid Liquid adsorbed on a Partition between gas and
(mobile phase: gas) solid liqquid
Gias-bonded phase Organic species bonded Partition between liquid
to & solid surface and bonded surface
Gras-solid Solid Adsorption
Supercritical-fluid chroma- Organic species bonded Partition between super-
tography (SFC) {mabile to a solid surface critical fluid and bonded
surface
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Figure 26-1 (a) Diagram showing the separation of a mixture of components A and B
by column elution chromatography. (b) The output of the signal detector at the various

stages of elution shown in (a).



Types of Stationary Phases:

*Bulk liquid--defined volume (partitioning phase)
*Monolayer of bonded species (adsorption/partitioning)
Solid Support (adsorption)

Separation on stationary phase based on different rates

of movement of solutes down column due to
partitionary/adsorption between mobile phase and
stationary phases---Distribution of solute between
the two phases determines the migration rate!
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> Astati onary

(Could be dissolved or
adsorbed)
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K = partition coeff = —-
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. <
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K is constant--yields
Linear chromatography




For solute partitioning between mobile and

Stationary phases---
-Average linear migration rate = n, = L/(t)

Where L is the column length!

For solute not able to interact with stationary phase-
then migration rateis:

U =L/t = linear velocity in mobile phase only

Want to relate retention time or migration rate
to K, the partition coeff.

n = ux fract. of time solute spends in mobile phase

If Fract. is 1,thenn=p

The fraction of time isrelated to the average moles
of solute in mobile phase at any given instant,
divided by the total # of moles of solute
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t =V JF
Then: —L = L X 1
V7TV V.
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therefore: - -
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Selectivity--ability to separate two similar species-

kB — (tR)B - tm
kA (tR)A - tm

Selectivity Factor =a =
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Figure 26-3 Two-component chromatograms illustrating
two methods of improving separators: (a) original chro-
matogram with overlapping peaks; improvements brought
about by (b) an increase in band separation, and (c) a de-
crease in band spread.



Band Broadening: Efficiency of Chromatographic
Columng/Systems

Plate theory---(1941) ---treats chromatographic column

asif it were divided into discrete units---each would
correspond to an individual extraction tube/flask in
which an equilibrium step between solute in mobile
phase and stationary phase takes place.

N = # theoretical plates=L / H

H = H.E.T.P. = height equivalent to atheoretical plate

decrease H, increase N

H isrelated to variance ((s.d.)?) of solute band for
given length of column

0.2

H=— s2 = variance of band at end of
L column length L in distance

Need to convert to time measurable units--since
chromatogram is recorded in time--not distance
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Figure 26-5 Definition of plate height H = o?/L.



N Recall--for

Gaussian distribution

96% of data pointsfall
SERA . within +/- 2s of mean
4t =w time

t iss.d. of band in time units (sec)!
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But N=L/H

therefore; N = 16(3—5)2

Thisisone equation that you can use to calculate

N for a given column/system from experimental
data

Another eguation often used employs the peak
Width at 1/2 peak height (w,,,)--often easier to
determine--

tR
Wl/ 2

N = 5.54(—8-)?

While plate theory provides means to convert observed
band broadening into a number of plates and thus H--
this value is not a constant---it varies due to the fact
that the column is not really divided into finite seg-
ments where true equilibrium is achieved--

Indeed, the mobile and stationary phases within a
column never come into complete equilibrium--in

terms of solute interactions---since mobile phaseis
aways moving!! (flowing)



Rate theory of chromatography considers the non-
Equilibrium of solute due to flowing mobile phase-

The rate theory showed that column efficiency and

plate number was dependent on many variables
Including the linear velocity of the mobile phase-
U-- (seeFig. 26-7)

Rate theory culminated in van Deemter equation:
H=A+B/u+Cu

A=multiple flow path or eddy term

B= longitudinal diffusion term

C=mass transfer term --can be broken into two
separate terms--C, = mass transfer related to
stationary phase; C., = masstransfer related to
mobile phase

Thus-: H=A+B/p+(C,+C)H

Various constants A, B, C highly dependent on
nature of packing material



TABLE 26-2 Variables That Affect
Column Efficiency

Variable Symbol Usual Units
Linear velocity of mobile u cm-s” !
phase

Diffusion coefficient in mobile Dy cm?s~!
phase*

Diffusion coefficient in Dyg cm2-s~!
stationary phase* .

Retention factor (Equation 26-8) k'’ unitless
Diameter of packing particle dp, cm
Thickness of liquid coating

on stationary phase dy cm

*Increases as temperature increases and viscosity decreases.
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Figure 26-7 Effect of mobile-phase flow rate on plate
height for (a) liquid chromatography and (b) gas chro-
matography.
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Figure 26-9 A van Deemter plot for a
packed liquid chromatographic column.
The points on the upper curve are ex-
perimental. The contributions of the
various rate terms are shown by the
lower curves: A, multipath effect; B/u,
longitudinal diffusion; Cu, mass transfer
for both phases. (From E. Katz, K. L. Ogan,
and R. P. W. Scott, ]. Chromatogr., 1983, 270,
51. With permission.)
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See Fig. 26-9 for influence of each term of
van Deemter eguation on H-----

A-term---A = 2kd

P

Solute species don't all have the same path to take
To get to the end of the column---some take shorter
Paths than others (see Fig. 26-8); --less difference
If packing particle size is small! ---less band
broadening due to multipath effect--
at very low flow rates, the multipath effect or A
term is greatly reduced---because diffusion will
dominate and control band broadening!

B-Term--due to diffusion of solutes in mobile phase-
very important in GC--since D, is much larger
compared to liquid phase--10-2 cm?/sec vs.
10° cm?/sec

B=2k D, ----k = 0.6 or so for packed column

k = 1.0 for unpacked columns--tubular
Inverserelation to u ---if pisfast, bandspreading
due to longitudinal diffusion is much less, --less
time for diffusion to occur



Flow
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Figure 26-8 Typical pathways of two molecules during
elution. Note that distance traveled by molecule 2 is
greater than that traveled by molecule 1. Thus, molecule 2
would arrive at B later than molecule 1.



C- term; mass transfer terms--related to kinetics of
Interaction between solute in mobile phase with
stationary phase---

If 1 isslow, then contribution due to non-equilibrium
mass transfer becomes less---more time for Solute
to attain equilibrium with stationary phase in given
segment of column.

C.=f(K

want thin films of stationary phases!

For adsorption process--
C.a 2tk/ (1+k)?

t, =avg desorption time of solute; t, = 1/k
K, first order rate constant for desorption

Fast kinetics---C, decreases; better efficiency



Cna f(k)d2/D,,

Larger particle size--means that gaps between
Particles larger---not packed as tight;--longer
distance to diffuse to stationary phase!

For tubular columns---C_a r?4/D,, --r isradius of
column

Can decrease H and hence increase N by the
following---

» smaller particles---in LC thisleads to high pressure

eNarrower tubular columns

*Thinner films of stationary phases

H/LC




Resolution--ability to separate two components--
dependson K values(a), and N

Definition of Resolution:

R = Dt 2Dt
s W'A/2 + W% W, + W,
If R, = 1.5 --gives essentially complete resolution
of two solutes---only 0.3% overlap

If R,= 1.0 ---4% overlap of peaks

Resol ution egn:

R = JN (oc - 1) ( ke, )
4 a Tl+k,
K 5 = longer retained solute capacity factor
Increase R, by increasing a and increase N
Can increase N by making column longer---
or reducing H---better to reduce H since longer L

means longer anal ysis ti me!

» Equation to determ/.
N = 16RS (—) ( ) N to achieve given R,
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