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How Does Chromatography Work?

Chromatography is a method for
separating the components of a
mixture by differential adsorption ‘
between a stationary phase and a
mobile (moving) phase
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Principles of Separation Techniques

AB 3.1
Molecular . . .
Characteristic Physical property Separation Technique
Polarity Volatility Gas-liquid chromatography
Solubility Liquid-liquid chromatography
Adsorptivity Liquid-solid chromatography
lonic Charge lon-exchange chromatography
Electrophoresis
Size (mass) Diffusion Gel permeation
chromatography
Dialysis
Shape Sedimentation  Ultracentrifugation

Liquid binding Affinity chromatography




Factors Involved in Separation
S

~ ,

: ® Gravitational (Ultracentrifugation)
|mpe”mg ® Electrokinetic (Electrophoresis)
Force ® Hydrodynamic (Chromatography,

)
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¥ Single phase technique ® Dual phase technique
® Molecular friction “ Adsorption
“ Electrostatic ® Binding

“ lonic interaction
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Three Major Methods in Chromatography
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A band (zone) in a solvent system
-- Change in pH, size...etc

" Displacement
A band (zone) in two-phase solvent

system
---Different affinity for the solid

support (stationary/mobile phase)

" Frontal ( )
Large sample containing in mobile

phase



POLARITY (affinity of like molecules
- . ~for each other)

/ PARTITION BETWEEN TWO PHASES \

Solid/Liquid Liquid/Liquid Liquid/Vapour
|
A MAJOR FACTOR IN SEPARATION IS

A 4 i A 4

Adsorption Solubility

AND THE METHODS INVOLVE

v
,, |

Solid adsorbents Two immiscible A solution and

liquids Its vapour

THE METHODS ARE GENERALLY KNOWN AS

v l
A 4

Adsorption Liquid Gas-liquid
chromatography chromatography chromatography




Different Kinds of Chromatography
(characterized by the mobile phase)

® Liguid chromatography (includes column
chromatography, thin-layer, and HPLC)
— Stationary phase: silica, alumina, etc.
— Mobile phase (moving phase): organic solvents
— Important properties: polarity

® Gas chromatography

— Stationary phase: a film of a polymer or a wax. The
film must have a high boliling point

— Mobile phase: gas (Helium is the usual carrier gas)
— Important properties: boiling point



Modes of Chromatography
(characterized by shape of stationary phase

® Column chromatography
Stationary phase is packed into a column

® Thin-Layer chromatography

Stationary phase is coated onto glass, metallic or plastic
plate.




Ligquid-Solid Chromatography (Adsorption)

AB 3.2.1
Adsorption ( ):

Some substances physically bind to the
surface of a solid polar substances

“ Polar compound
® Large surface for adsorption

% Often by OH (hydroxy group) to form H-bonding



Polarity of Selected Solutes and Solvents

Silica

Adsorption| | Solvent
Solute Energy Solvent Strength
Hydrocarbon 0.07 Hexane 0.01
Halogen Derivativ 1.74 Benzene 0.32
Aldehyde 4.97 Chlorofornmr 0.4
Ester 5.27 Acetone 0.55
Alcohols 6.5 ' Pyridine 0.71
Acids/Bases 7.6 Methanol 0.95

Adsorption Energy Increasing Polarity

the affinity of a solute with an adsorbent ( vary with adsorbant)

Solvent Strength
the affinity of a solvent with an adsorbent ( vary with adsorbant) 10



Stationary Phase: Alumina

©
O OH OH OH OH

A A A A Ad
— N7 N NG N \O/'

Acidic: -Al-OH
Neutral: -Al-OH + -Al-O-

Basic: -Al-O-
11



Examples of Absorbents and Applications

Adsorbent Strength Application
Silicic acid(silica gel) Strong Steroids,amino acids,lipids
Charcoal Strong Peptides,carbohydrates
Aluminium oxide Strong Steroids,esters,alkaloids
Magnesium carbonate Medium Porphyrins
Calcium phosphate Medium Proteins,polynucleotides
Cellulose Weak Proteins

12



Thin-layer chromatography and column

C
I
0

hromatography are different types of

guid chromatography. The principle of
peration Is the same!

ne mobile (moving) phase is a liquid.

a

ne stationary phase is usually silica or
umina.----> a very polar layer of

adsorbent on an inert, flat support.

13



Thin Layer Chromatography ( )

6

— 1. The surface of the plate consists of a very thin layer of

e

silica on a plastic or aluminum backing. The silica is very
polar— the stationary phase.

2. Spot the material at the origin (bottom) of the TLC plate.

3. Place the plate into a glass jar with a small amount of a
solvent in the glass jar— the moving phase.

4. Remove the plate from the bottle when the solvent is
close to the top of the plate.

5. Visualize the spots (Ultraviolet light, color reagent...etc)

Non-polar compounds will be less strongly attracted to the
plate and will spend more time in the moving phase. This
compound will move faster and will appear closer to the
top of the plate.

Polar compounds will be more strongly attracted to the plate
and will spend less time in the moving phase and appear

lower on the plate. 14



hin-Layer Chromatography:

A Two-Component Mixture

[
------ solvent front
@ | component B
o
@ | component A
L - -| origin --}--| origin r=-k--
------ solvent front
mixture

Increasing Development Time

solvent front

componentB | @SS polar!

component A More polar!

origin

15



Determination of R; Values (Rate of Flow)

A measure of the movement of a compound

compared with the movement of solvent

A

R; of component A =

d, A

de ds

R; of component B =

dg

ds v v ¢ da

1. Only reported to two decimal places

solvent front

component B

component A

origin

16



Thin-Layer Chromatography:
Qualitative Analysis

|deally, the R, value should be the
same of a given compound using
the same solvent

(Practically, the movement depends
on the structure and thickness of
the layer, the amount of water
remaining and effect of the
binding agents.

Advantages
Simple
______ oo boe Rapid

A B unknown Cheap .




Example: Thin-Layer Chromatography

O OH
Fluorene Fluorenone Fluorenol

a) Which one of these compounds is the least polar?
b) Which one of these compounds is the most polar?

c) What would be the relative order of separation on
the TLC plate remembering that CH,CI, is not very

polar?
18



Liquid-Liquid Chromatography

Partition of a solute between two immiscible liquid phases

Example:
High Performance Liquid Chromatography

« Partition chromatography

e Adsorption chromatography

o Gel filtration chromatography

« Affinity chromatography

* lon-exchange chromatography

19



High Performance Liquid Chromatography

Small and regular AB 3.2.2
support media with
stationary phase

Solvent -
- — - “m=-

—w
HPLC Column Data

Injector
_TAutnSampler

J Detector aste

Pump
Provide steady solvent
flow rate for isocratic or
gradient mobile phase 20



HPLC Column

g, Slica Most HPLC packings are porous.

Mobile m Most of the stationary phase surface

ase | NN areais on the inside of the particles
Bonded

porous. ; Phase
Layer
- / A layer of alkyl chains bonded to the

I <iico surece

Packed Bed (Stationary Phase)

The composition of the

Direction of flow  mobile phase provides the
to pack column

chemical environment for
. the interaction of the
Spherical Particle Irregular Particle solutes with the Stationary
phase.

21



Chromatographic Separation

Chromatographic
, Process
-
y - B wistributon: 3
K = CfCn B

-~ N J\_

Elution through the Column

Chromatogram

In a liquid chromatographic process a liquid permeates
through a porous solid stationary phase and elutes the

solutes into a flow-through detector )



Sample Injector (AutoSampler)

Full Loop Injection (contd)

6-port LOAD position
valve
=\ Cut-off the diluted
Sample Vet front
LOAD) _
\ Fill 3 x loop volume

Column (eg-3x5u)

i i IN the LOAD position, the loop can be
filled with the sample using a simple
syringe or an autosampler
23



Sample Injector (AutoSampler)

Full Loop Injection (contd)

6-port
—— valve INJECT position
Sample N
(INJECT
7 .
Column
i i When the valve is turned

to INJECT position, the
sample is washed into the
column. 24



Detection Methods

UV — Ultraviolet light--- most popular
— Lamp

— Grating/Lens - Wave length 190-350 nm

— FlowCell

— PhotoDiode - Differential Light Output

Rl — Refractive Index

— Universal analyte detector

— Solvent must remain the same throughout separation
— VERY temperature sensitive

— Sometimes difficult to stabilize baseline

FD — Fluorescence-greater sensitivity, not so popular

— Excitation wavelength generates fluorescence emission at a higher wavelength
— Analytes must have fluorophore group---not very common
— Very sensitive and selective

MS — Mass Spectrometry

— Mass to charge ratio (m/z)
— Allows specific compound ID

25



HPLC Diode Array Detection AnaIyS|s -

duterium
lamp
mirror
ﬁ \ amplifier
sample diode
cell pyriffifone a Loy

swl] uonn|g

uratinu\

Absorbance Is | 2
measured at two or Absorption Wavelength

h o o
more wavelengths Pyrithione is an anti-oxidant

26



Column Chromatographic Separation

Stage 1

0
00
k13

2

3

00

4

O

006
4.3

A

Addition of
Mobile phase

Assume

Partition
coefficient =1

Stationary
Phase

Mobile

Phase
27




Band Broadening

Stage 1

5354
38

2

3

00

Chromatographic
Peak

006
4.3

Gaussian
o Distribution

28



Separation Efficiency: Plate Theory

The plate theory suppose that the chromatographic
column contains a large number of separate layers, called
theoretical plates. Separate equilibrations of the sample
between the stationary and mobile phase occur in these
"plates”. The analyte moves down the column by transfer
of equilibrated mobile phase from one plate to the next.

Bad J\/L /PR\
Resolution
Good | j\ j\

Resolution
> ' The colurm >
[T H[[I[I]I[I[I]II][[III]II]II][[II[I[[[[]I]I[][I]]
Theoretical plate (number of

Greater theoretical plates — Better separation resolution 2



Assessment of Column Efficiency

twice the distance between the two peaks

iAot Resolution index (R ) =
Injection ®R.) sum of the base width of the two peaks

_ 2(tB 'tA)
W, +W,
< ts =
ts Peak width at
Tty —>|< > half peak height
A\ \ 2
. / \ \ < >
eak W I WB

broadening <——= > Elution Time 30



heoretical Plate Number—Resolution

A measure of separation efficiency: How many times the
Analyte e = Analytegionary €Qquilibrium is achieved

2 2
N = —tR = (t—Rj tR -0 tR t0
2 \
O O |
W, ,, =2.3550
> Peak broadening may be +———
tr i A Wy
N =16 == expressed by variance
W | [ ;
: [ tg )
N — 2.355xt, < >
B ' - W=40
peak width at half peak height
retention distance ? ,  Retention time: measure of
=| — : x5.54 t, effective column volume for
width at half peak height ——  analyte

W Base width a1



Height Equivalent to a Theoretical Plate
Q’I ETP)
® Length of a column necessary
for the attainment of compound
distribution equilibrium (measure
the efficiency of the columr

HETP 3'|
HETP — length of the column  HETP Insufficient time for
B N equilibrium
24
h: Reduced plate height 5_9“098
diffusion
b= HETP
partical diameter(m) 4
lllustrate the effect of varying the : .
flow rate of the mobile phase on Sl TN fqr IETHEele
the efficiency of separation o'o__pm%mn_an%_a_m%gﬂe_phﬁase_??
process Flow rate (ml min™)

Flow Rate (ml/min)



Qualitative Analysis

e By comparison with known components, retention time
(Distance) is used for identification of a component of a mixture.

4.4 min

Phencbarbitone
o\

Interna! standard (barbiton

f=)
o

test retention time

pRelative retention =

reference retention time

Quinalbarbitone

Pentobarbitone

Relative retention = i—j =1.3

w_
o
N
£
>

__________._..-qh--
Iniection

j

i0 2

|

!

]

=

~—]
_
B

0|

~ 33




Quantitative Analysis

% o =)
§ _-2 Separation took approximately 15 minutes. |
¢ 50.5mm 3 3 Y
g %Z' S Component Peak height (min)
;’g W)
RN f: o Standard 20.0
& :g = N Phenobarbitone 50.5
z Pentobarbitone 21.0
A a = Quinalbarbitone 26.0
A A 'ng .
ga Calculation
¥, .
) 20.0 mm Component Concentration (mmoll™!)
~ Standard 50.5 1.1 0.1
Phenobarbitone X X 50 X —
__.ql LL ::../.{._ Z 200 710 Ll

¢

Time

0.1 ml of the internal standard (barbitone, 5.0 mmol/l)
was added to 1.0 ml of sample.

20 uL of the mixture was injected

What is the concentration of phenobarbitone? 34



Injection 2

" Injection 1

= test sample?
2 g
= K
8 5 =y .
QL s Reference: Propanol
™
[~
'3 .
Standard: Ethanol
3 3
\ & = ~ &: =]
8 g
S TN e
E E
]
]
=
. W
Time
Injection Component Peak height Component Peak height  Peak heights
number 1 (mm) 2 (mm) ratio
1 Ethanol (20 g1™1) 78 Propanol (1.0 gl ') 34 2.29
2 Ethanol (15 g1™) 57 Propanol (1.0 g1™}) 35 1.62
3 Ethanol (10 g1™") 37 Propanol (1.0 g1™Y 34 1.08
4 Ethanol (5 g1™1) 21 Propanol (1.0 g1~ 1 36 0.55
5 Test sample 45 Propanol (1.0 g1~ 1 35 1.28

What is the concentration of

35



Reference:

Ethanol . Peak Ethanol/Pr n
thano Peak height Propanol ca thanol/Propa
Conc. height ol
20 78 1 34 2. 209
1S 57 1 35 1.63
10 37 1 34 1.009
° 21 1 36 0.58
X 45 1 35 1.209
2.5
Ethanol/Propanol A
1.5
1
1.0 C o
0.5
0.00\\\\\\\\\\\\\\\\\\\\\\\
0 5 10 15 20 25

Ethanol Conc.

36



Partition Chromatography swsi11s

Partition chromatography is based on differences in
capacity factors and distribution coefficients of the
analytes using liquid stationary and mobile phases.

® Normal/Reverse Phase Chromatography
¥ lon-Exchange Chromatography

¥ Gel Filtration Chromatography

m Affinity Chromatography

37



Normal-Phase HPLC

Adsorption of analytes on the polar, weakly acidic surface
of silica gel

Y L
O H | | _ :
Ll STy Lfe)
3II 27} /V I..{’IO - \",O \O Q
0 9 O| I S i cenrggn —S 10—
| < /S | Lorenng _— \ulo \O/
S i cevagy = "{”O \O

W Stationary Phase.: Silica (pH 2-8), Alumina (pH 2 - 12),
Bonded Diol, and NH,

¥ Mobile Phase: Non-polar solvents (Hexane, CHCI,)

® Applications: Non-polar and semi-polar samples; hexane
soluble; positional isomers.

38



Normal Phase Liquid Chromatography

LIPOPHYLIC

ELUTION ORDER IN 1

NORMAL PHASE E‘ﬁ:@ @3 @

r'
1
cn,

1 @.m., @ ©
° o @ @ é

Polar solutes elute later than non-polar lypophilic ones.
39
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Reversed-Phase HPLC

Partition of analytes between mobile phase and stagnant
phase inside the pore space + adsorption on the surface of
bonded phase

C8\ ‘ 0 C18\ ch. i

?‘_O_‘S‘_(CHE}?CHs Si—0— 5. (CH,),,CH,
DE‘ OH 0 H,

i— .
y Hrs. OH

W Stationary Phase: Hydrophobic surfaces of moieties
bonded on silica (C18, C8, C5, Phenyl, CN)

® Mobile phase: Methanol or Acetonitrile and Water.
® Applications: ~80% of all separations done on RP HPLC.

40



“Reverse” Phase Liquid Chromatography

ELUTION ORDER IN ' REORITL :::}
REVERSED PHASE
@ @1’?21 @C@
1 3
l:H1 CH,

MwzZQoouwmD
e -
g
e
o

VOID

TIME (MIN.)
In Reversed Phase separations organic molecules are separated based
on their degree of hydrophobicity. There is a correlation between the

degree of lipophylicity and retention in the column. "



lon Exchange Liquid Chromatography

ION EXCHANGE

INSIDE A PORE IN THE STATIONARY PHASE

Sample ions enter

/ S - Counter ions ouT Mobile
_ - phase
Counter ions - additives -

- - competition

1. INJECTION Bample lons /:/' : _

2. ADSORPTION: -
DISPLACEMENT OF
COUNTER IONS

3. ELUTION
Elution order in ion exchange chromatography is determined by the charge
density (charge/radius) of the hydrated ion. In organic acids and bases the
elution order is determined by their pKa or pKb (strength of acid or base).

42



Different Types of lon Exchange Resins

. {a) Cation Exchange Media Structure
Cation exchanger
(8]
7
+ C h arge Strongly acidic, polystyrene resin (Dowex—5{) {‘ 807
—— |
Charge of Analyte |
pHZ
/ : a
q_s r Weakly acidic, carboxymethyl (CM) cellulose —O0—CH,—C
K_/r COOH
I
. CH,C— 0™
lon-exchange Resin - . ) RN :
Weakly acidic, chelating, polystyrene resin % ‘v CHy— N
{Chelex—100) N— CHQT: o-
O
fﬁ-‘\ - l'/r_ + \l/ L (b} Anion Exchange Media Structure
ol  EN — \
coo pH4.S
Na® CH,
7R |

-C h arg e Strongly basic, polystyrene resin (Dowex-1)

Weakly basic, diethylaminoethyl (DEAE)
cellulose

Anion exchanger.

CHy
{_l':HECHg
— OCH,CH,— r«la —H

CH,CH,




Gel Permeation Chromatography --
Molecular Sieve Chromatography

_H_\_"“'-\..

® The separation is based on the molecule
‘ O size and shape by the molecular sieve
ﬁ@ properties of a variety of porous material

O

'l_h':-\ E‘_:S Pty ) - *PSMDlec;ules
TSR] s B CC e
t Ol < e sSs

* ==— NMolecules
'\. e @%@@ @%@D i porss

- )
T )
el beads hase pores in @O
them of a defined zize range '::3'

)
)
which allowrz amaller IZ::IIDO D IZ::IIOC::' ':::'
molecules to enter hut
excludes molecules larger H H
than the pore diameters.
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Gel Permeation Chromatography (GPC)

Also known as ‘size exclusion chromatography’
and ‘gel filtration chromatography’

Separates molecules on the basis of molecular
size
Separation is based on the use of a porous

matrix. Small molecules penetrate into the matrix
more, and their path length of elution is longer.

Large molecules appear first, smaller molecules
later

45



Mass measurement by Gel Permeation
Chromatography AB 3.4

50 950

Vt: Bed volume

Vo: Void volume (total volume)

(outer volume)

Vi: Gel inner volume)

Ve: Effluent volume (Elution volume of the desired protein)

Ve=Vo+KdxVi
Vi=Vt-Vo

Ve-Vo Kd: partition constant of solute

Kd= _
Vt--Vo between gel matrix and solvent

46



Absorbance

Medium mass

|
| Small
Large _—
Mass
Elution
time
{ I 1 |
———— Vo et
Effluent volume
Ve
Sample Excluded Test
injection molecules molecules

Figure 3.36 Gel permeation chromatogram. All molecules larger than the exclu-
sion limit of the gel appear at V, (the void volume). Molecules which can gain access
to the gel structure to varying degrees are eluted in order of decreasing size.

47



Determination of Mass

The elution volume is approximately a
linear function of the logarithm of the
relative molecular mass

Ahgorbance
{2046 pam}

Fibrinegen 580 000

Carboanhydrase
(valbumin

o\ Human albumin

Elsticn tame {houry

1-Globulin

(D)

-

=

o .

2 Apoferritin

S 10 L N o Fibrinogen
g 3 4 5 6

o log RMM

Log (Relative Molecular Mass)
48



Affinity Chromatography

“ Affinity chromatography is based on a (not
necessarily biologically relevant) interaction
between a protein of interest, and a ligand
Immobilized on a stationary phase substrate or
product analogue

— Antigen by Antibody:

— Enzyme by Inhibitor /Substrate /
Cofactor/coenzyme

® Specific protein is eluted by adding reagent
which competes with binding

49



Covalent Attachment of Ligand to the Matrix

Derivation of Epoxy-Activated Agarose

&
{"1"-'
%Q@& 0, OH i
—c—ocn, [EN-(R) —C—CH,—HN—(R)
&£
q@&“ 0 OH 0
= P T, .
3 ~—C-CH, HOOC —(R) .c—CH,—0C —(R)
‘% *'ﬁ ! ﬁ OH
& 0 2
- 5N oo
C—CH,  HS—(R) —C—CH,—8—(R)
&
& 0 OH
F /N
——C—CH, HO—(R) —C—CH,—0—(R)

i N
IJ_H = Ligand

50



Affinity chromatography

B Substrate analogue affinity chromatography

Affinity Enzyme

0= 3-00

Matrix  Spacer arm Active-site-bound enzyme

B Immunoaffinity chromatography

Antibody Protein epitope

oXT=0€

Matrix ~ Spacer arm Antibody-bound enzyme
o1



ELSEVIER Journal of Chromatography B, 817 (2003) 3547

www_clsevier.com/ locate/ chromb

Review

Multidimensional separation of peptides for effective proteomic analysis

Haleem J. Issaq*, King C. Chan, George M. Janini, Thomas P. Conrads, Timothy D. Veenstra

Laboratory of Proteomics and Analytical Technologies, SAIC-Fredevick Inc., National Cancer Institute at Frederick,

It is generally accepted that no single chromatographic
or electrophoretic procedure is capable of resolving the
complex mixture of peptides. Therefore, combining two
or more orthogonal (multimodal) separation
procedures dramatically improves the overall resolution
and results in a larger number of peptides being
identified from complex proteome digests.

52



Chromatographic Modes of Protein Purification

Acrony

Chromatographic Mode m

Separation Principle

Non-interactive modes of liquid chromatography

Size-exclusion chromatography SEC Differences in molecular size

Slalom chromatography (for DNA) - Diff. in length and flexibility

Interactive modes of liquid chromatography

lon-exchange chromatography IEC Electrostatic interactions
Normal-phase chromatography NPC Polar interactions
Reversed-phase chromtography RPC Dispersive interactions
?g%r&g?gggg;ﬂ;eraction HIC Dispersive interactions

Affinity chromatography AC Biospecific interaction

Metal interaction chromatography MIC Complex w/ an immobilized metal

(Christian G. Huber, Biopolymer Chromatography, Encylcopedia in analytical chemistry, 2000)53



Multidimensional-Chromatography

« Transferring a fraction or fractions from one
chromatographic medium (usually a column) to a
secondary (or additional) chromatographic medium
(column or columns) for further separation. The
technigue can be used for further resolution of
complex mixtures that cannot be separated entirely
on a single medium.

= |[EF-SCX
= SCX-RP
= SCF-Affinity

54



Two-dimensional Chromatography (2D-LC)

l-'A
Qz..
°v 0 ,

Mixtures

55



Complex Human Proteome

Fibrinogen
Transfersin ;7 IgA Total C4 Complement Complement Factor B
[ Alpha-2-Macroglobulin Ceruloplasmin Prealbumin

/— IgM Total o oy )
Alpha-1-Antitrypsin Factor H RTINS

/—03 Complement

IgG Total

C1q Complement

~— Haptoglobin C8 Complement

Lipoprotein{a)

Alpha-1-acid Glycoprotein

Apolipoprotein A-1

Albumin Apolipoprotein B & PLASMA PROTECWE INSITILITE

0-90% 90-99% PP

Fig. Pie chart representing the relative contribution of proteins within plasma.
Twenty-two proteins constitute 99% of the protein content of plasma

Ref: www.plasmaproteome.org
er. Molecular & Cellular Proteomics 2:1096-1103, %3




3D LC for Global Analysis of Serum Proteome

Human Serum

2071 peptides (identification of

Strong-Cation
Exchange

I IEF-SCX-RP
Digestion with trypsin, overnight at 37 °C 1143 unique proteins)
T :
Rotofor © Cell fractionation of tryptic peptides
pH30 =-==--e-c-ceecocoo---.. » 10 _
(+) (-) Iso-ele_ctrlc
YY Y Y Y Y Y Y Y YYYYYYYYYY FOCUS'”g
Fraction #1 : 20 (IEF)
CI18-SPE Dle.‘iﬂ][iﬂg — 20 Fractions
v
l Strong Cation Exchange HPLC
Reverse-Phase v
7 x 20 Subfractions

(RP)

LC-MS/MS +—
Y

Protein identification by database searching

(SCX)

Clin. Proteomics, 1 (2004) 101. =1



