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Chromatography

1.) Definition

>

Chromatogram (not spectrum)

A separation technique based on A+BIE

the different rates of travel of
solutes through a system

composed of two phases

. Packed :
- A stationary phase column [

- A mobile phase IR
Detect compounds emerging in

column by changes in

absorbance, voltage, current, etc
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2.) System Components and Process
»  Stationary Phase: the chemical phase which remains in the column
(chromatographic system)

Chromatography

> Mobile Phase (eluent): the chemical phase which travels through the column

eluent luate
S ey COLEMN iy e
n . ¢ F out
> Support: a solid onto which the sizaiionary phase is chemically attached or
coated

Fresh solvent
(eluent)
Initial band ~
with A and B solutes
Solute are separated in Goksnen giaciing

chromatography by their different
interactions with the stationary
phase and mobile phase

(stationary phase)
suspended in
solvent (mobile phase)

Porous disk

Solvent flowing
out (eluate)

0 emerges 0 emerges

(a) (b) (C) () (e)3



Chromatography

2.) System Components and Process

Solutes which interact more strongly with

the stationary phase take longer to pass
through the column \

Solutes which only weakly interact with /
the stationary phase or have no

interactions with it elute very quickly




Types of Chromatography

1.) The primary division of chromatographic techniques is based on the type of mobile phase used in

the system:
Type of Chromatography Type of Mobile Phase
Gas chromatography (GC) gas
Liquid chromatograph (LC) liquid

2.) Further divisions can be made based on the type of stationary phase used in the system:

Gas Chromatography
Name of GC Method Type of Stationary Phase
Gas-solid chromatography solid, underivatized support
Gas-liquid chromatography liquid-coated support

Bonded-phase gas chromatography  chemically-derivatized support

Injectar
F o J

cantraller port po
T % r—| Fecorder
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Column Cetectar

Column oven 5

Carrier gas



Types of Chromatography

Liquid Chromatography

Name of LC Method
Adsorption chromatography

Partition chromatography
lon-exchange chromatography
Size exclusion chromatography
Affinity chromatography

Type of Stationary Phase

solid, underivatized support
liquid-coated or derivatized support
support containing fixed charges
porous support

support with immobilized ligand

Injection

CHROMATOGRAM

component 1

comp. 3
component 2

LA M

Volume
(time)



3.) Chromatographic techniqgues may also be classified based on the type of support material
used in the system:

Packed bed (column) chromatography
Open tubular (capillary) chromatography
Open bed (planar) chromatography

Open
{Tubular Capilary)
|

Poraus Layer Wall Coated

Open Tube Dpen Tube
(WCOT)




Packed column versus Capillary in GC
One of the main effort of analysts has been focused on increase of separation power

Packed column

1D GC

Golay M.J.E., 1958, Gas chromatography. New

York:Accademic press

peak capacities in the

20-50 range

Intensity
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Chromatography

3.) Chromatogram

> Chromatogram: graph showing the detector response as a function of elution
time.

t .——Retention time

Non-retained solute
(void volume)

sponse ———»

Detector /
3"‘
}

N CH, Octane Unknown Nonane
Injection

time

Time ——

> Retention time (t,): the time it takes a compound to pass through a column

> Retention volume (V,): volume of mobile phase needed to push solute through
the column

The strength or degree with which a molecule is retained on the column can

be measured using retention time or retention volume.
9



Chromatography

4.) Fundamental Measures of Solute Retention
»  Adjusted retention time (t,’): the additional time required for a solute to travel
through a column beyond the time required for non-retained solute

where: t,, = minimum possible time for a non-retained
selute to pass through the column

> Relative Retention or Separation factor («): ratio of adjusted retention time
between two solutes

t
=12

trl

where: t,’>t,;",soa>1

- Greater the relative retention the greater the separation between two
components

10



Measures of Solute Separation:

Separation factor (o) — parameter used to describe how well two solutes are separated
by a chromatographic system:

a =K,/ K = (tg —ty)/ty

where:
k', = the capacity factor of the first solute
k', = the capacity factor of the second solute,
with k', > K’}

Avalue of a >1.1 is usually indicative of a good separation

I YR(B)
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toin Kk
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Does not consider the effect of column efficiency or peak widths, only retention. H



Chromatography

4.) Fundamental Measures of Solute Retention
> Retention factor or Capacity factor (k):

kl — tr B tm
I
> The longer a component is retained by the column, the greater the capacity

factor
- Capacity factor of a standaNli gan be used to monitor performance of a column

Capacity factor is equivalent to:

\74

kl

_time solute spendsin stationary phase ) K=K Vs
time solute spendsin mobile phase Vim

where: V. = volume of the stationary phase
V., = volume of the mobile phase
K = partition coefficient

Capacity factor is directly proportional to partition coefficient 12




Chromatography

5.) Efficiency of Separation

> Resolution (R.) is defined as:

t, —t
r) r2 RS — ( P I )
\ n (Wb2 + Wy, )/ 2
where: t.,,t,; = retention times of solutes 1 and 2 (t,, > t,,)
Wy,,W,, = baseline widths of solutes 1 and 2
Y V
Wosii ) (Vo s.rz’) \ osh | Of 1 {a—])( k ]
R=—+N
L | - 4 a N1+k
w, | | w, |
where: N = number of theoretical plates

a relative retention time or separation factor
ky o, —1
g=—2="R 70
kl Iy — 1,

k retention factor or capacity factor

== tp = tR — ¢,



Detector signal

Resolution (Rg) — resolution between two peaks is a second measure of how well two
peaks are separated:
_ tr2 _trl

T (W, + W, )/2

where:
t.., Wy, = retention time and baseline width for the first eluting peak
t., Wy, = retention time and baseline width for the second eluting peak

R, is preferred over a since both
retention (t,) and column efficiency
(W,) are considered in defining
peak separation.

(e

N
~

5=

R, = 1.5 represents baseline
resolution, or complete separation
of two neighboring solutes - ideal
case.

A A

~—I\j—>

/7

R, = 1.0 considered adequate for
most separations.

//
77
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Chromatography

6.) Why Bands Spreading?
> Remember: Efficiency is dependent on peak width

>  Aband of solute spreads as it travels through the column
- described by a standard deviation (o)

o variances = G ? extra column + & ? column

jrotal system band spread) [strument] [intra~column]

Column

/
injector detector
Concentration profile ‘ \"-.
> Factors include: —
a. Eddy diffusion
b. Mobile phase mass transfer o Van Deemter equation
c. Stationary phase mass transfer
d. Longitudinal diffusion

e Sample injection
e others 15



Description of Band Spread

> Plate height (H) is proportional to band width
- The smaller the plate height, the narrower the band

7

B
van Deemter H=A+ E + Cu

equation

3
E
Eddy diffusion  |ongitudinal eqwtl_lbratlon $
Diffusion e o
a
b Y
where: u=linear flow rate 3\, . Equilibration 2
A,B,C = constants for a given column and s W
stationary phase = R T Il A
% s \Multiple paths
u (reported also as u or v) = linear velocity (flow-rate x V /L) 1+ t%"gi_‘udi"a' B
. T Mg iffusion 7T
H = total plate height of the column patE 1“[1"'1"'["'1"1“‘1'%]
A = constant representing eddy diffusion (multiplicity of 0 20 40 60 80 100 120

eluent path)

Flow rate (mL/min)

B = constant representing longitudinal diffusion in the
mobile phase

C = constant representing resistance to mass transfer in the
column related to the diffusion process in the mobile
(C,,) and stationary phase (C.) [C=C,+C] 16



H=A+—+ Cu Eddy diffusion
u a process that leads to peak (band) broadening due
to the presence of multiple flow paths through a
difggt‘ivon packed column.
e — - As solute molecules travel through the column,

some arrive at the end sooner then others simply
due to the different path traveled around the
support particles in the column that result in
different travel distances.

<«— Longer path.arrives at end of column after (1).

Smaller particle diameter size reduce the effect of band broadening due to Eddy diffusion
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Longitudinal diffusion

due to the diffusion of the
solute along the length of the
column in the flowing mobile
phase.

The degree of band-broadening due
to longitudinal diffusion depends on:

1) the diffusion of the solute

2) the flow-rate of the solute through
the column

18



Partiche ——#=

Chanmng} =i

Mass transfer

Mobile phase mass transfer (C,, )
Due to the presence of different flow profile

— within channels or between particles of the

support in the column.

A solute in the center of the channel
moves more quickly than solute at the
eages. it will tend to reach the end of
the ' ciiannel first leading to band-
broadening

The degree of band-broadening due to eddy diffusion
and mobile phase mass transfer depends mainly on:

1) the size of the packing material
2) the diffusion rate of the solute

19



B Stationary phase mass transfer (C
H :A+E +@ yp (Cs)

Due to the diffusion into the stationary phase.

mcebile phase mobile phase

(a) (b)

stationary phase stationary phase

mobile phase mobile phase

(c) (d)

staticnary phase stationary phase

‘\‘

Since different solute molecules spend different lengths of time in the stationary
phase, they also spend different amounts of time on the column, giving rise to
band-broadening.

The degree of band-broadening due to stationary phase mass transfer
depends on:

1) the retention and diffusion of the solute
2) the flow-rate of the solute through the column

3) the kinetics of interaction between the solute and the
stationary phase



Description of Band Spread

> Plate height (H) is proportional to band width
- The smaller the plate height, the narrower the band

7

B
Van Deemter H=A+ ; + Cu

equation

3
E
Eddy diffusion  |ongitudinal eqwtl_lbratlon $
Diffusion e o
a
where: u=linear flow rate 3\, . Equilibration 2
A,B,C = constants for a given column and s W
stationary phase = R T Il A
J _-=77 " VMultiple paths
n (reported also as u or v) = linear velocity (flow-rate x V,,/L) 1+ tf;f"gi_‘udi"a' B
. T Mg iffusion 7T
H = total plate height of the column patE 1“[1"'1"'["'1"1“‘1'9’:]
A = constant representing eddy diffusion (multiplicity of 0 20 40 60 80 100 120
eluent path) Linear velocity (cm/sec)

B = constant representing longitudinal diffusion in the
mobile phase

C = constant representing resistance to mass transfer in the
column related to the diffusion process in the mobile

(C,,) and stationary phase (C.) [C=C,,+C] 21

H-u curve



Plot of van Deemter equation shows how H changes with the linear velocity (flow-rate) of
the mobile phase

I H=A+B/u+Cu

Van Deemter Equation
1[ Actual Plot
- L

-
-
-
-
-

Optimum efficiency € Term

"
A Term
>/ B Term

Mobile Phase Velouty ()

Plate Height (H)

v
1 optimum

Optimum linear velocity (u,) - Where H has a minimum value and the point of maximum

column efficiency:
zuopt \’ /C

Hopt IS €asy to achieve for gas chromatography, but is usually too small for liquid
chromatography requiring flow-rates higher than optimal to separate compounds ;>



Packed column versus Capillary

Efficiency Packed vs Capillary Column

Carrier gas H,

Plate 16 \
height ¢4 - | | Packed column
(mm) ., . L=3m;ID=2mm
1.0 - Tt
0.8 - 5 et
06 = Il Capillary column
N 0.4 L=25m; ID=0.25mm
: e
02 -
0 1] 1 1 1 . ) L ' 1 1
0 10 20 30 40 50 60 70 80 90 100
Linear velocity (cm/sec)

Van Deemter (Packed). H=A+ —5 +(Cs+Cm)u

Golay (Capillary): H = 5 +(Cs+Cm)u

Lower value of the Height of the Theoretical Plate (H) = better efficiency (N) 23



Chromatography

Measure of Column Efficiency (N)

> Height Equivalent of a Theoretical Plate (H or HETP)
- The distance along the column that corresponds to one
“theoretical” separation step or plate (N)

N _ L/ H where: L = length of column
— N = number of theoretical plates

The column

F 3

. )

\Tl
Theoretical H N
plate

> As H decreases, more separation steps per column
length are possible

- Results in a narrower peak width and better separation

between two neighboring solutes

—> | I I —

AN

The more theoretical plates
available within a column, the
more equilibrations between the
stationary and mobile phases are
possible and the better the quality
of the separation.

g) ;
| @) one theoretical plate
B

O Analyte

O Desorption
@ «» Adsorption
O ©

24



Chromatography

Measure of Column Efficiency Rzéw".\' (a—1\ k )

a MN+k)

>  Number of Theoretical Plates (N)
- As N increase (number of separating steps) = greater the separation between two
compounds

Efficiency is related experimentally to a solute’s peak width.
- an efficient system will produce narrow peaks
- narrow peaks = smaller differencgdt interactions in order to separate two solutes

Efficiency is related theoretically to the various kinetic processes that are involved in solute
retention and transport in the column

- determine the width or standard deviation (o) of peaks

Umin HPLC << Umin GC
Hmin HPLC << Hmin GC .

But L in HPLC ~5-25 cm et s,/ wwbe.com/watch
LinGC~50m =» Nocc> Nuric ?v=p_Z.ngLQP.zKI -


https://www.youtube.com/watch?v=_ZPgkLQPuKI
https://www.youtube.com/watch?v=_ZPgkLQPuKI

Chromatography

Measure of Column Efficiency

Estimate ¢ from peak widths,
assuming Gaussian shaped peak:

W, =4c

W, = 2.354c
half-height method

Dependent on the amount of time that a solute spends in the column (k’or ty)

For a Gaussian peak:

The column

&

N = (tR/G)Z

T

2 2
i; i |
N=16] — | =5.55 — |
Wy W1 Theoretical
2 plate

where: w,, = baseline width of peak (in time units)

w,,=half-height peak width | aiFIEIsht MEthod

26




Peak Asymetry

Asymetry measure

0.8<A <12

Asymmetry Factor:
AsF= BC/CA

""A_} 'C \E CEm === 1 0% OF
Example of asymetry ——benan=d PEAK HEIGHT

TIME ——=

ﬂ LA A

Tailing Factor
TF = AB / 2AC

_________

A.=1.05 A.=1.2 —
J

Y

Excellent Good Unacceptable

A=4

Very bad

27




AU

Resolution, Selectivity, Retention and Efficiency

Resolution
t,, —1t
Ry = R2___RI
W, + 17,
1 Retention 2
pole=l Efficiency
l Selectivity ,
_ t
< _k, N =16-%
ad=—= /4
kl
I\ TR /\
L L T e e e ﬁ T
2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0

temps (min)



Resolution, Selectivity, Retention and Efficiency

Fixed values: a
Efficiency  Retention Selectivity .. N-5000
/ k'-5
\(— l c. @105
RN, &y o] S
4 k+l «a s N
D
. [
. k, o
a = k— k,
l as
Selectivity (a) has the o ¥
greatest impact on 1.00 105 1.10 1.15 120 125(1
improving resolution 0 500 10000 15000 20000 25000
0 5 10 15 20 %k
Stationary phase, gradient delay volume, mobile phase, pressure / flow rate,
temperature affect selectivity

N
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