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Overview

There are many chromatographic assays 
(GC, GC/MS, HPLC, TLC, LC/MS/MS, etc.). 
To understand them, it is best to break them 
down into their modular components/steps:

1) Sample preparation
2) Separation (the actual chromatography)
3) Detection (UV/Vis, Fluorescence, Mass 

spectrometry, etc.)

This talk will focus on the 2nd step: separation.



Chromatographic 
Components

Each flavor of chromatography is best understood by 
breaking it down into modular components:

1) Sample “loading”
2) The “mobile phase” during separation.
3) The “stationary phase” during separation.

Separation of individual sample components is always based 
on their relative affinity for the mobile versus the stationary 
phases. 

Because some molecules have higher affinity for the 
stationary phase, they will pass through the column slower
than others and, therefore, will be separated from each other 
(we say they have been “retained” by the column).



Separation of Molecules by 
Chromatography

After injection, all molecules 
start out overlapping.

Due to varying relative affinity 
for the stationary versus the 
mobile phases, individual 
molecules begin to separate.

As the different molecules elute 
off of the column, they are 
detected as resolved 
“peaks”.



Type of 
Chromatography

Sample 
Loading

Mobile Phase Stationary 
Phase

Gas 
Chromatography 
(GC)

Heating Variety of 
Gases

Capillary column 
with a narrow 
hydrophobic 
coating.

Liquid 
Chromatography 
(LC)

Injection Variety of 
Liquids 
(gradients also 
possible)

Column packed 
with small beads 
coated with a 
variety of 
chemical 
substituents.

Thin Layer 
Chromatography 
(TLC)

“Spotting”, 
followed by 
evaporation 
of the liquid.

Liquid driven by 
capillary action.

Paper or thin 
layer of silica 
plated on glass.



Relative Retention Times
• During separation, the absolute rates/times for movement of molecules are not 

always reproducible. 

• For example, columns can get dirty, decreasing the amount of stationary phase 
available for interaction with molecules. This is equivalent to shortening the 
length of the column. There can also be variability in the timing of injection.

• However, such perturbations should affect the rates of all molecules in the 
same way. Therefore, their relative rates/times are usually highly reproducible 
(selection of an appropriate internal standard is critical for this reason).

• The “relative retention time” (RRT) is defined as the detection time for a 
individual peak divided by the detection time for a known internal standard. 
RRTs are characteristic and reproducible (but not always 100% specific) 
identifiers of individual molecules.

• Note that sometimes a “corrected retention time” is reported where the 
absolute retention time of an analyte is adjusted according to the variation in 
the retention time of the internal standard compared to a control sample:

CRTanalyte = RTanalyte * (RTstd / RTstd,control)



Quantification of Drug 
Concentrations

• Peak “area” generally correlates with the amount of drug loaded onto a 
column and, thus, the original drug concentration.

• However, there can be sample-to-sample variation due to extraction 
efficiency, loading volumes, detection efficiency, etc. 

• Again, the internal standard is utilized to correct for variations. 
– Similar to the relative retention time, a relative peak intensity is defined and 

related to drug concentration.
– Variations in the peak area are not always similar for all molecules (e.g. 

some molecules may have a lower extraction efficiency due to proteinuria
and others may not; it is important that the internal standard shares the 
same susceptibility to interferences or variations in efficiency as the analyte).

– Therefore, the internal standard is chosen to be chemically similar to the 
analyte of interest to best correct for variations. 

– However, adequate similarity is not easy to predict or establish. 
– Extensive validation is ultimately necessary to satisfy the rigor of your assay. 

Need to test all anticipated interferences and also un-expected variabilities
using “real” patient samples, either with a large correlation study, with a gold 
standard method and/or with addition/recovery studies.



Protocol for Quantification of Analyte 
Concentration Based Upon a Calibration 

Curve
• A known amount of an internal standard is added to every 

sample (including controls and calibrators) before any other 
preparative step.

• All samples are brought through the identical preparative 
steps, separated by a chromatographic method and 
quantitatively detected.

• The relative peak intensities are measured for a series of 
calibrators with a fixed amount of internal standard and 
varying amounts of a known analyte. These relative peak 
intensities are fit to an equation, generally linear, to define a 
calibration curve.

• Similarly, the relative peak intensities of the unknown 
samples are calculated and related to the calibration curve
to quantify the concentration of the analyte (drug) in the 
original clinical sample.





















Rel. Ret. Time for 
Amiodarone =
2.75 / 4.46 =
0.62



Rel. Ret. Time for 
Amiodarone =
2.82 / 4.59 = 0.61;
agrees with standard
and therefore confirms 
identity…

Rel. Peak Int. for 
Amiodarone =
10,129 / 20,579 = 0.49
Now look on curve…



Although, the computer fits the measured relative peak intensity 
to this curve mathematically, visual inspection clearly identifies 
the correct concentration of amiodarone.

Calibration curve for Amiodarone

0.49

0.64



Thin Layer Chromatography



Thin Layer Chromatography



Doriden

Secobarbital

Phenytoin

Phenobarbital

Barbiturate TLC Plates

Thiopental

Pentobarbital

Butalbital



Methadone

Quinine

Codeine

Morphine

Phencyclidine

Amitryptiline

Nortryptiline

Amphetamine & MDA

Methamphetamine & 
MDMA

Diphenhydramine

Chlor-trimeton

Pseudoephedrine

Ephedrine

Narcotic Alkaloids TLC Plates



Benzoylecgonine

Cocaine (metabolite) TLC Plates



Affinity Chromatography

“Size Exclusion” or “Gel 
Filtration” 

Chromatography



Peak Resolution



Examples of LC Detection Methods





Summary of Major Learning 
Points

• Modular nature of chromatograpy.
– Assays are divided into sample preparation, 

separation and detection.
– The separation step involves sample loading, a 

mobile phase and a stationary phase.
• Importance of an internal standard for

– Calculating “relative retention times”,
– Calculation of relative peak areas and generation of 

a calibration curve for quantification of drug 
concentrations in the original clinical sample.

• Analytical specificity provided by 
– Sample preparation techniques
– Separation during chromatography (RRT)
– Method chosen for detection
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