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• Introduction & Applicability
• Modes of Chromatography
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What does HPLC mean?

High pressure liquid chromatography

High priced liquid chromatography

Hewlett-Packard liquid chromatography

High performance liquid chromatography

Hocus pocus liquid chromatography

High patience  liquid chromatography

HPLC in Pharmaceutics
Quantitative Analytical 
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APPLICATIONS OF HPLC

EnvironmentalVeterinary 

Agriculture & 
Food Chemistry

Biomedical and Clinical

Elution through the Column-movie
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Low Performance Liquid Chromatography

HPLC Column
in Oven

 כרומטוגרפיתעמודה
בתוך תנור

Auto Sampler
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Comparison of Performance
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Benefits of HPLC: Sensitivity
רגישות: HPLCיתרונות 
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Benefits of HPLC: 
Analysis of Complex Sample of Related Compounds
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• Quantitative work and System 

Qualification.
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CHROMATOGRAPHY

GASLIQUID MOBILE
PHASE

STATIONARY
PHASE

COLUMNPLANAR

PAPER, SILICA, ALUMINA 

PACKED
CAPILLARY

SFC
PACKED COLUMN
עמודות ארוזות בפאזה  נחה

ADSORPTION
NORMAL PHASE PARTITION

REVERSED PHASE

PRINCIPLE OF SEPARATION:  עקרון ההפרדה 

SOLUTES: מומסים 

LIPOPHYLIC:
OILS, FATS, LIPIDS 

MOST OF THE
BIOMEDICAL SUBSTANCES 

CONDITIONS:  תנאי עבודה 

ORGANIC SOLVENTS:  n-HEXANE, HEPTANE, 
CHLOROFORM, ALCOHOLS

AQUEOUS  MIXTURES  WITH   
METHANOL, ACETONITRILE AND 

ADDITIVES (BUFFERS, ION -PAIRS)

ION-EXCHANGE SIZE-EXCLUSION BIO-AFFINITY CHIRALITY

PRINCIPLE OF SEPARATION: : עקרון ההפרדה 

INORGANIC 
IONS, ACIDS, 
BASES

POLYMERS, 
PROTEINS,  
NUCLEIC ACIDS

PROTEINS & 
ENZYMES ENANTIOMERS

AQUEOUS BUFFERS, 
IONIC SOLUTIONS

AQUEOUS BUFFERS  OR 
ORGANIC SOLVENTS 

AQUEOUS 
BUFFERS AND 
SPECIAL 
ADDITIVES

AQUEOUS OR 
ORGANIC 
SOLVENTS

SOLUTES: : מומסים 

CONDITIONS: 
 תנאי עבודה :

High Performance Liquid Chromatography

SOLUTES: סוגי חומרים 

MOST OF THE
BIOMEDICAL SUBSTANCES 

CONDITIONS:  תנאי עבודה 

AQUEOUS  MIXTURES  WITH   METHANOL, ACETONITRILE 
AND ADDITIVES (BUFFERS, ION -PAIRS)

REVERSED PHASE
90% of all HPLC Applications
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Chromatographic Process:  הכרומטוגרפי    התהליך
Reversed Phase

A

B

Migration through the Column
מסע דרך העמודה

A

B (More Hydrophobic)

Chromatogram כרומטוגרמה   

Hydrophobic
Stationary

Phase 

Distribution:
K = Cs/Cm

Mobile phase: פאזה נעה 
Water, Buffers
MeOH, Acetonitril, IPA

B+A

Ionizable
Molecules

R1 מיוננותמולקולות N
R4

R2

R3

AMINES - 1,2,3,4

R C
OH

O

CARBOXYLIC ACIDS

O P
OH

O
OHR R P

OH

O
OH

PHOSPHONATESPHOSPHATES

R S OH

OH

O

O S OH

OH

O

R R SH

THIOLSSULPHONATESSULPHATES

ALCOHOLS

R OHNH

Clinical Applications
יישומים רפואיים

STATIONARY PHASE
פאזה נחה

* PARTICLE DIAMETER

* SPHERE- IRREGULAR

* POROSITY

GEOMETRY

CHEMISTRY:

silica

pores

d

*  BONDED HYDROCARBON:
C-18, C-8, C-4, C-1

* % 
COVERAGE

* TYPE OF SILICA  
GEL

* ADSORBED 
SURFACTANTS

SOLVENTS:
water, methanol, acetonitrile

ADDITIVES:
buffers, salts, ion-pairing 
reagents, complexants. 

MOBILE PHASE
פאזה נעה
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ELUTION ORDER IN 
REVERSED PHASE
 סדר יציאה

TIME (MIN.)

R
E
S
P
O
N
S
E

0
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2 3

VOID

CH3 CH3

CH3

OHOH

OH

OH OH
OH

1 2 3

1 2 3

1 2 3

1 2 3

LIPOPHYLIC

A
U

0.00

0.05

0.10

0.15

0.20

0.25

0.30

Minutes

0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.20 4.40 4.60 4.80 5.00

CH3

OH

O O

OH

OO

CH3

Methylparabene
Propylparabene

Reversed Phase Elution Order  סדר יציאה 

MOBILE  PHASE 
פאזה נעה

1. TYPE OF  MODIFIER (MeOH, ACN)                                       

2. MOBILE PHASE COMPOSITION (% modifier)

3. pH 

4. TYPE OF BUFFER (phosphate, acetate)

5. IONIC STRENGTH (Salts, buffer concentration)

6. ION-PAIRING REAGENTS (alkyl-amines, -sulfonates)

בחירת הממסים

20% MeOH

20% ACN

20% EtOH

20% THF

REVERSED PHASE

main solvent: H2O  פולרי   הממס הכי
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 בחירת הרכב הפאזה הנעה–אופטימיזציה 

20% MODIFIER

40% MODIFIER

60% MODIFIER

80% MODIFIER

ISOCRATIC  vs  GRADIENT

TIME (MIN.)

RESPONSE

0

1
2 3 4

5

6 7
8 10

11

VOID

9

0

1 2 3
4

5

6 7 8

9

VOID

10 11

Stationary Phase Properties
תכונות הפאזה הנחה

silica

pores

d* PARTICLE DIAMETER
* SPHERE- IRREGULAR

* POROSITY

GEOMETRY

CHEMISTRY:
*  BONDED HYDROCARBON:

C-18, C-8, C-4, C-1, CN, phenyl
* % COVERAGE

TYPE OF SILICA  GEL*

C8 alkyl chains

Si

Si
O

O

O

Si
O

O

O

Si
O

O

O

Si
O

O

O

Si
O

O

O

Si
O

O

O

Si
O

O

O

Si
O

O

O

Si
O

O

O

Si
O

OO

Si
O

O

O

Si

CH2
H3C CH3

H2C
CH2

H2C

CH2

H2C

CH2

H3C

Si

CH2
H3C CH3

H2C
CH2

H2C

CH2

H2C

CH2

H3C

CH2
H3C CH3

H2C
CH2

H2C

CH2

H2C

CH2

H3C

Si

CH2
H3C CH3

H2C
CH2

H2C

CH2

H2C

CH2

H3C

Si
O

O

O

Si

CH3
H3C CH3 Si

CH3
H3C CH3

H
HHHHH H

Residual silanol
Endcap

Surface of a Silica Gel 
Bonded-Phase Packing Material
:שטח הפנים של אריזת הפאזה הנחה
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Various C18 Columns
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6
t0 = 0.15 min
Max PSI = 2409

t0 = 0.14 min
Max PSI = 2475

t0 = 0.15 min
Max PSI = 2280

t0 = 0.17 min
Max PSI = 2240

1

4

2
6

1 2
3

4 5
6

XTerra® MS C18, 3.5 µm
(186001891)

AtlantisTM dC18, 3.0 µm
(186002062)

Symmetry® C18, 3.5 µm
(186002090)

7

7

7

74
51 2

3

t0 = 0.15 min
Max PSI = 2200

XTerra® RP18, 3.5 µm
(186001893)

2
3 5

6 7

Compounds:

1. Sulfadiazine
2. Sulfathiazole
3. Sulfamerazine
4. Sulfadimidine
5. Sulfamethoxazole
6. Sulfisoxazole
7. Sulfadimethoxine

Sulfa Compounds 
4.6 x 20 mm

Conditions

Columns: 4.6 x 20 mm ISTM

Mobile Phase A: 0.1% HCOOH in Water
Mobile Phase B: 0.1% HCOOH in MeOH
Flow Rate:  3.0 mL /min
Gradient: Time       Profile

(min)     %A   %B
0.0        100     0    
4.0          50     50 

Injection Volume: 10  µL
Sample concentration:  20 µg/mL
Temperature: 30 °C
Detection: UV @ 270 nm
Instrument: Alliance® 2795 with 996 PDA

SymmetryShieldTM RP18, 3.5 µm
(186002092)

ADSORPTION

SOLUTES:חומרים מופרדים 

LIPOPHYLIC:
OILS, FATS, LIPIDS 

CONDITIONS: תנאי עבודה 

ORGANIC SOLVENTS:  n-HEXANE, 
HEPTANE, CHLOROFORM, ALCOHOLS

NORMAL 
PHASE

NORMAL PHASE SOLUTES

http://cellbio.utmb.edu/cellbio/membrane_intro.htm

Phospholipids

NORMAL PHASE

SOLVENTS: n-hexane, chloroform, ethanol, 2-
propanol

silica

A   
PORE
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ELUTION ORDER IN 
NORMAL  PHASE

TIME (MIN.)

R
E
S
P
O
N
S
E

0

1

2 3

VOID

CH3CH3

CH3

OH OH

OH

OHOH

OH

1 2 3

1 2 3

1 2 3

1 2 3

LIPOPHYLIC

ION-EXCHANGE SIZE-EXCLUSION BIO-AFFINITY CHIRALITY

PRINCIPLE OF SEPARATION:  עקרון ההפרדה 

INORGANIC 
IONS, ACIDS, 
BASES

POLYMERS, 
PROTEINS,  
NUCLEIC ACIDS

PROTEINS & 
ENZYMES ENANTIOMERS

AQUEOUS BUFFERS, 
IONIC SOLUTIONS

AQUEOUS BUFFERS  OR 
ORGANIC SOLVENTS 

AQUEOUS 
BUFFERS AND 
SPECIAL 
ADDITIVES

AQUEOUS OR 
ORGANIC 
SOLVENTS

SOLUTES:  מומסים 

CONDITIONS:
תנאי עבודה

High Performance Liquid Chromatography

ION EXCHANGE   חילוף יונים 
INSIDE A  PORE IN THE STATIONARY PHASE

בתוככי נקבובית באריזת הפאזה הנחה

1.  INJECTION

2.  ADSORPTION:
DISPLACEMENT OF COUNTER IONS

3.  ELUTION

--- -
- -+++

+
+
-

-
-
-
-

+++
+
+

+++
+
+

-

--
-
-
-

--

--
--

- -

--
--

-
-
-
-

--

-
-

MOBILE PHASE AD

COUNTER IONS OUT יון נגדי 

SAMPLE IONS IN

-
-

-
-

Amino Acids Analysis In Plasma
Ion Exchange with Ninhydrin detection

 אמיניותאנליזה של חומצות
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ELUTION ORDER IN ANION 
EXCHANGE

TIME (MIN.)

R
E
S
P
O
N
S
E 0

1

2 3

VOID

1 2 3

1 2 3

1 2 3

DENSITY OF CHARGE

F-OH-OAc-

NO3
- NO2

-Cl-

NO3
- SO4

-- SO3
--

ELUTION ORDER IN CATION 
EXCHANGE

TIME (MIN.)

R
E
S
P
O
N
S
E 0

1

2 3

VOID

1 2 3

1 2 3

DENSITY OF CHARGE

K+ Na+ Li+

Zn++ Al+++Ag+

Analysis of Anions
 במי שתייה אניונים אנליזה של

1  Fluoride     = 1 ppm
2 BiCarbonate
3  Chloride     = 2
4  Nitrite         = 4
5  Bromide     = 4
6  Nitrate        = 4
7  Phosphate = 6
8  Sulfate       = 4

0.00 5.00 10.00 15.00Minutes

1.
7 

  S 1

2

3

4

5 6

7 8

Column:      Waters IC Pak A/HR
Eluent:        Borate / Gluconate
Flow Rate: 1 mL/min
Injection:    100  Lµ

m

ENANTIOMERS: 
MIRROR IMAGES OF ONE ANOTHER

 כיראליותהפרדות

CH3
O

OH

CH2

CH3 CH3

CH3
O

OH

CH2

CH3 CH3

S-Ibuprofen
(active פעיל)

R-Ibuprofen
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Asymmetric Synthesis כיראליות  - סינתזה שומרת 

CH2OH CH2OCOC(CH3)3

O

CH2OCOC(CH3)3

O

CH2OH

OH

C6H13

HU-211(+)-α -Pinene
OH

O

CH2OH

OH

C6H13

HU-210

CH2OH CH2OCOC(CH3)3 CH2OCOC(CH3)3

O OH

(-)-α -Pinene

BASIS FOR SEPARATION: CHIRAL RECOGNITION
 על פני שטח הפנים של הפאזה הנחה כיראליתהכרה: עקרון ההפרדה 

O 2 N NO 2

C
O N

C

H

H
RBR

O

O 2 N NO 2

C
O N

C

H

H
RB

O
R

STATIONARY 
CHIRAL 
SELECTOR 

ENANTIOME
RS

(
-
)

(
+
)

Chiral stationary phases:

* Ligand exchange 
*   π-Donor π-acceptor (Pirkle)
*   Chiral Host-guest (cyclodextrin)
*   Immobilized proteins
*   Immobilized polysaccharides

SEPARATION OF 6 ENANTIOMERIC PAIRS OF 
CANNABINOIDS

HU- 210 + HU 211(+) /  (-) CBD

HU- 243 + HU 251

(+) /  (-)  ∆1-THC

(+)

(-)

(+) (-) (+)
(-)

(+)

(-)

(-)
(+)

(+) / (-) 7-OH ∆6-THC

(-)(+)

(+) /  (-)  ∆6-THC
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SIZE EXCLUSION CHROMATOGRAPHY
Gel Permeation Chromatography -GPC 

 דחיקה על פי גודל המומס-עקרון ההפרדה

ELUTION ORDER: 
LARGER ELUTE FIRST

הגדולים יוצאים ראשונים

תהליך ההפרדה

STATIONARY 
PHASE

MOBIL
E 
PHASE

Gel Permeation mechanism

Scanning electron 
micrograph
of an agarose gel. 
Magnification x 50,000.
Ref. Anders S. Medin,PhD 
Thesis, Uppsala University 
1995.

Clinical Applications
Test of haemoglobin variant for Thalassemia 

 טלסמיהאנליזה של המוגלובין וריאנטים עבור

ELUTION ORDER IN SIZE EXCLUSION 
(GPC)

R
E
S
P
O
N
S
E

0

1 2 3
VOID

1

2

3

MW

100,000

50,000

20,000

ELUTION VOLUME (mL)

MOLECULAR WEIGHT 
DISTRIBUTION

R
E
S
P
O
N
S
E

ELUTION VOLUME (mL)
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Gel Filtration/Size Exclusion/Gel Permeation

1M 500 K 250 K 100 K 25 K
Polymer distribution

Narrow standards

Calibration 
curve

Log
Mw

1M
500K
250K
100K
25K

Elution Time or Volume

Affinity Chromatograpy
(AC)זיקה ביולוגית 

AC relies upon a reversible highly specific binding reaction.

שטח פנים של אריזת פאזה נחה

Sample molecules 
with no affinity for the

ligand

Target sample 
molecule with full 

affinity for the ligand

Symbolic 
representation 
of a section of
an AC bead 

surface

מולקולות המטרה

קישור 
ספציפי

Glycohemoglobin in Blood
Glycated proteins differ from non-glycated proteins by the attachment of a 

sugar moiety(s) at various binding sites by means of a ketoamine bond. 
Glycohemoglobin (GHb) thus contains 1, 2-cis-diol groups not found in 
non-glycated proteins. 

These diol groups provide the basis for separation of glycated and 
nonglycated components by boronate-affinity chromatography (1–3).  In 
this analytical technique, a boronate such as phenylboronic acid is 
bonded to the surface of the column support. 

Affinity 
Chromatography

2. Sample application and wash
The sample is applied under binding 
conditions.
The target molecule binds specifically 
to the affinity ligands, while all other 
sample components are washed 
through.

1. Equilibration
The column is conditioned 
to promote adsorption of 
the target molecule by 
equilibrating it with 
binding buffer.

3. Elution
The target 
molecule is 
desorbed and 
eluted by 
switching to 
elution buffer.
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HPLC COURSE LAYOUT

• Introduction & Applicability
• Modes of Chromatography
• Quantitative work and System 

Qualification.

Measurement of Area -
Integration

Time

Detector 
Signal

Abs x dtArea = 

Peak Detection

Peak End

Constructed 
Baseline

Peak Height

Peak Apex

Start of 
chromatogram

Peak Start

Retention Time

Integration Errors Caused by Tailing

99.6 %

99.8 %

99.9 %
Recovered Peak Areas

T = 1.00

92.3 %

95.3 %

Recovered Peak Areas

97.8 %

T = 1.58
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Working Curve

A  plotof the analyticalsignal (the instrumentor detector 
response)asa function  ofanalyte concentration,usinga series  

of standards of known concentration. 

The workingcurvesare then usedto determinethe concentrationof 
an unknownsampleor to calibratethe linearityof an analytical 

instrument. 

Quality Control – ביקורת איכות
VIAL SAMPLE NAME INJ VOL No of Inj Function Method Run Time Sample 

Weight
Dilution

1 Blank 20.0 1 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

2 System 
Suitability

20.0 1 Inject Samples SST  Method Set 10.00 1.00000 1.00000

Clear 
Calibration

LC Demo Method Set

3 Std1 20.0 5 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

4 Std2 20.0 2 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

Report LC Calibration Report

Report Standard Comparison

Clear 
Calibration

LC Demo Method Set

1 Std1 20.0 1 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

2 Unk.1 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

3 Unk.2 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

4 Unk.3 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

5 Unk.4 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

6 Unk.5 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

7 Unk.6 20.0 2 Inject Samples LC Demo Method Set 10.00 1.00000 1.00000

1 Std1 20.0 1 Inject Standards LC Demo Method Set 10.00 1.00000 1.00000

Clear 
Calibration

LC Demo Method Set

Calibrate LC Demo Method Set

A

B

Chromatographic
Process

Migration through the Column

A

B

Chromatogram

Stationary
Phase

Distribution:
K = Cs /Cm

Mobile phase
B+A

 מתרחבים תוך כדי המעבר דרך העמודה כרומטוגרפייםפיקים
PEAK BROADENING 
DUE TO DIFFUTION
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t3t2t1

t0
TIME     .5           1            2                          5

k'  t1 = t1 - t0
t0

k' t1 = 1-.5 = 1
.5

K' t2 = 2-.5 = 3
.5

k' t3 = 5-.5 = 9
.5

k' = Capacity Factor = Measure of Retention
PERFORMANCE CRITERIA BY ONE PEAK

t0

tR

w

A Bh

RETENTION FACTOR or CAPACITY 
RATIO

k’ = k
'

=

t R
-

t

0

t 0
C
s

φ C
m

ASYMMETRY 
FACTOR

Af
=

B (
1
0
%

h
)

A (
1
0
%

h
)

NUMBER OF THEORETICAL 
PLATES

= 
16 

tR
N (      

)

2

w

TAILING  
FACTOR

Tf
=

A 
+ 
B(10

% 
h)

2 
A

Integration Errors Caused by Tailing

99.6 %

99.8 %

99.9 %
Recovered Peak Areas

T = 1.00

92.3 %

95.3 %

Recovered Peak Areas

97.8 %

T = 1.58

PERFORMANCE BY TWO PEAKS

t0

tR(1) tR(2)

w1 w2

SELECTIVITY FACTOR 

α = 
k' (2)

k' (1)

EXPERIMENTAL RESOLUTION

Rs = 
t R (2) - t R(1 )

1/2 (w1 + w2)
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SELECTIVITY  vs   
EFFICIENCY

LOW SELECTIVITY (α)
HIGH EFFICIENCY (N)

HIGH  SELECTIVITY (α)
LOW  EFFICIENCY (N)

Rs = 
t R (2)- t R(1)

1/2(w1 + w2)
same in both cases

Resolution 

Peak capacity

Sensitivity

ADVANTAGES  OF HIGH EFFICIENCY 

LOW SELECTIVITY HIGH SELECTIVITY

HIGH    PERFORMANCE LOW    PERFORMANCE

• Gels may be run either vertically or horizontally in slabs or tubes.

Diagram of a typical electrophoresis apparatus.

GE movie

Electrophoretic Mobility
 אלקטרופורטיתמוביליות

ηπ
µ

r
q

6
=

• q  - charge (fixed for strong acids and bases
pH dependant for weak acid and bases)

• 6πr - effective ionic volume (N.B. complexation
and counter ion)

• η - viscosity
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Figure 4-44. Alberts et al. Molecular Biology of the Cell, 3rd edn.

Isoelectric Focusing of Proteins
Separation by pI

pH

3 4 5 6 7 8 9

C
a
t
h
o
d
e

A
n
o
d
e

Iso-electric Focusing (IEF) Principle:
Protein remain at pH of their pI

pI=3

pI=6

pH

3 4 5 6 7 8 9

C
a
t
h
o
d
e

A
n
o
d
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Iso-electric Focusing (IEF) Principle:
Protein remain at pH of their pI

pI=6

pI=6

pI=6

pI=6

pI=6

pI=8

pI=3

pI=3

pI=3

pI=3

pI=3

pI=8

pI=8

pI=8

pI=8

pI=8

http://www.davidson.edu/academic/biology/courses/Molbio/SDSPAGE/SDSPAGE.ht
ml

Second Dimension – Separation by Size
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Samples Gels: Separation by Size
Markers-known MW

Clinical Applications
Test of haemoglobin variant for

thalassemia 

Denaturating Gel:
Sodium Dodecyl Sulfate (SDS)
PolyAcrylamide Gel (PAGE)

SDS-PAGE Electrophoresis of 
Denaturated Proteins

http://www.davidson.edu/academic/biology/courses/Molbio/SDSPAGE/SDSPAGE.html

Denaturation of Proteins by SDS
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http://www.davidson.edu/academic/biology/courses/Molbio/SDSPAGE/SDSPAGE.html

SDS – PAGE Electrophoresis
Migration of the Denaturated Proteins Through the Gel Until Blocked

Gel Electrophoresis 
1D SDS Gel Electrophoresis 2D SDS Gel Electrophoresis

http://www.weihenstephan.de/blm/deg/
manual/manualwork2html02testp9.htm

Application: Proteomics


