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Chromatography

Chromatography is based on the differential interaction of different 

compounds within a sample, while they are being carried out 

throughout a system (the carrier is called “mobile phase”), with 

another phase (called stationary phase). 

1st
1 min

2nd
5 min

3rd
10 min

Retention Time (RT)



Key concepts in chromatography:

Sample: A sample is a portion of material 
selected in some manner to represent a 
larger body of material. 
Analyte: Analyte is the chemical substance 
that is determined in the analytical 
procedure. Analytes are contained within 
a sample.

Mobile phase: The fluid (liquid, gas, or 
supercritical fluid) that flows through a 
chromatography system, moving the 
materials to be separated at different rates 
over the stationary phase.
Stationary phase: It is a solid or liquid 
which that does not move with the 
sample. It acts as a constraint on many of 
the components in a mixture, slowing 
them down to move slower than the 
mobile phase.



Chromatogram

Retention time (RT) is the time elapsed between sample introduction (beginning of the chromatogram) and the maximum 
signal of the given analyte at the detector. It is a measure of the time taken for an analyte to pass through a chromatography 
system.



Development of chromatography:

Countercurrent extraction

Countercurrent extraction refers to a serial extraction process. It separates two or more solutes with different partition 
coefficients from each other by a series of partitions between two immiscible liquid phases extraction. It is the same basis as 
in partition chromatography and each of the extraction steps would be the equivalent of a theoretical plate in 
chromatography.



Chromatography technique can be explained / classified into three fundamental ways:
• Based on the shape of chromatographic bed.

• Planar chromatography 
• Column chromatography

• Based on the physical nature of the stationary and mobile phases.
• Gas chromatography (GC)
• Liquid chromatography (LC, HPLC, UHPLC)
• Supercritical fluid chromatography (SFC)

• Based on the mechanism of the separation.
• Ion- exchange
• Affinity
• Size exclusion

Classification of chromatography:



Chromatography technique can be explained / classified into three fundamental ways:
• Based on the shape of chromatographic bed.

• Planar chromatography (TLC and paper chromatpography)
• Column chromatography

• Based on the physical nature of the stationary and mobile phases.
• Gas chromatography (GC)
• Liquid chromatography (LC, HPLC, UHPLC)
• Supercritical fluid chromatography (SFC)

• Based on the mechanism of the separation.
• Ion- exchange
• Affinity
• Size exclusion 
• Hydrophobic interaction

Different types of chromatography

(Will be deeply covered later on)



Supercritical fluid chromatography (SFC):

Supercritical fluid chromatography (SFC) is a
form of normal phase chromatography that
uses a supercritical fluid such as carbon
dioxide as the mobile phase. It is used for the
analysis and purification of low to
moderate molecular weight, thermally labile
molecules and can also be used for the
separation of chiral compounds. Principles are
similar to those of high performance liquid
chromatography (HPLC), however SFC typically
utilizes carbon dioxide as the mobile phase;
therefore the entire chromatographic flow path
must be pressurized. Because the supercritical
phase represents a state in which liquid and gas
properties converge, supercritical fluid
chromatography is sometimes called
convergence chromatography.



Ion exchange 
chromatography separates 
ions and polar molecules 
based on their affinity to the 
ion exchanger. It works on 
almost any kind of charged 
molecule, including large 
proteins, small nucleotides, 
and amino acids.

Ion exchange chromatography:

Moiety: In organic chemistry, 
the term moiety is used to 
denote a portion of a molecule. 
In Ion exchange 
chromatpography, stationary 
phase consist of molecules with 
a charged moiety.



Size exclusion chromatography (SEC) 
separates molecules based on their size by 
filtration through a gel. The gel consists of 
spherical beads containing pores of a 
specific size distribution. Separation occurs 
when molecules of different sizes are 
included or excluded from the pores within 
the matrix. Small molecules diffuse into the 
pores and their flow through the column is 
retarded according to their size, while large 
molecules do not enter the pores and are 
eluted in the column's void volume. 
Consequently, molecules separate based on 
their size as they pass through the column 
and are eluted in order of decreasing 
molecular weight (MW).

Size exclusion chromatography (SEC):



Affinity chromatography is a separation method based on a specific binding interaction between an immobilized ligand 
and its binding partner. Examples include antibody/antigen, enzyme/substrate, and enzyme/inhibitor interactions. 

Affinity chromatography:



In Hydrophobic interaction chromatography (HIC) biomolecules adsorb to a weak hydrophobic surface at 
high salt concentration. Elution of adsorbed molecules is achieved by decreasing the salt concentration of 
the mobile phase over time. 

Hydrophobic interaction chromatography (HIC):



An eluotropic series is listing of various compounds in order of eluting power for a given adsorbent. The "eluting 
power" of a solvent is largely a measure of how well the solvent can "pull" an analyte off the adsorbent to which it is 
attached.

A theoretical plate in many separation processes is a hypothetical zone or stage in which two phases, such as the 
liquid and vapor phases of a substance, establish an equilibrium with each other.

Other key concepts in chromatography:

Resolution is a measure of the separation of two peaks of different retention time t in a chromatogram



Other key concepts in chromatography:

For chromatography columns, efficiency refers to the quality of 
separation. Given that each peak represents a component in 
the sample, you're looking for how many peaks can be 
separated. High resolution results in narrow peaks taking up 
less space, meaning that more peaks can be separated

Column efficiency, indicated as the number of 

theoretical plates per column, is calculated as N 

= 5.54 (tR / w0.5)
2 where tR is the retention time of 

the analyte of interest and w0.5 the width of the 

peak at half height

The selectivity (or separation) factor (α) is the ability of the 
chromatographic system to 'chemically' distinguish between sample 
components. It is usually measured as a ratio of the retention 
(capacity) factors (k) of the two peaks in question and can be 
visualized as the distance between the apices of the two peaks.



Validation of analytical data



Validation of analytical data. Central Tendency

Mean/Average can be defined as the sum of all the numbers divided by the total number of values. 

Median: the midpoint or middle number within a group of numbers



Validation of analytical data. Precission and accuracy

a. Precise and accurate
b. Precise and non accurate
c. Accurate and non precise
d. Non precise and non accurate

Precision: This parameter is a measure of how reproducible or 
how close replicate measurements become. 

Accuracy: How close a particular measure is to the true or correct 
value 



Validation of analytical data. Standard deviation; indicators of dispersion

If n>30 If n<30

However, true mean is 
generrally not known, thus: 

SD (Standard deviation) is 
calculated as:

Standard deviation: a measure of the amount of variation or dispersion of a set of values



Validation of analytical data. Indicators of dispersion

The co-efficient of variation (CV) is a statistical measure 
of the relative dispersion of data points in a data series 
around the mean. It represents the ratio of the standard 
deviation to the mean.

Example of normal distribution

Example



Validation of analytical data. Example



A confidence interval is the mean of your estimate plus and minus the variation in that estimate. This is the 
range of values you expect your estimate to fall between if you redo your test, within a certain level of 
confidence. Confidence, in statistics, is another way to describe probability

Validation of analytical data. Indicators of dispersion

If n>25 If n<25



Quantitation of analytical data. Calibration curve

A calibration curve is a way to identify the concentration of an unknown substance. These curves use data points of 
known substances at varying concentrations, and researchers or developers can use these curves to find where an 
unknown substance plots.



Quantitation of analytical data. Calibration curve

High linearity (r2) = 0.999  Not so high linearity
(r2) = 0.93

No linearity
(r2) = 0.2

Coefficient of determination (r2/ R2): It provides a measure of 
how well observed outcomes are replicated by the mode



XLQ =

Limit of detection (LOD) –XLD-: the lowest 
possible amount that we can detect with some 
degree of confidence (or statistical significance). 

Limit of quantification (LOQ) –XLQ-: the lowest 
possible amount that we can detect with some 
degree of confidence (or statistical significance). 

Quality of analytical data. LOQ and LOD



Quality of analytical data. Control charts
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