
HPLC Instrumentation 



Elution 

Gradient elution in liquid chromatography is analogous to 
temperature programming in gas chromatography. 
 
Increased eluent strength is required to elute more 
strongly retained solutes. RP-HPLC (increase organic, make 
more non-polar). NP-HPLC (increase solvent to make more 
polar) 
 
Gradient (gradual change) of eluent strength is used for 
many separations. 
 
Weakly retained solutes are eluted with solvent of low 
eluent strength. Second solvent is mixed with the first to 
elute the more strongly retained solutes. Gradual increase 
in eluent strength. 



Partition Chromatography 

  Normal-phase chromatography – uses a polar stationary 
phase  and a less polar solvent. Eluent strength is increased by 
adding  a more polar solvent. No use of water!! 

 
 Reversed-phase  chromatography – uses a non-polar 
stationary phase. Eluent strength is increased by adding a less 
polar solvent. Water is often constituent of mobile phase. 

Time 

Polarity: A>B>C 
More water 

More organic 



HPLC Detectors 

Mass LOD (g) = concentration (mol/L) x inj. vol. (L) x FW (g/mol) 



Detectors (UV/Vis or Fluorescence) 

Detector volume 
small like injection 
volume (10-20 μL) 

A = εbC 
F α εbCPoΦ 

Fluorescence 
detection is 90o 
relative to 
excitation light 

What is the path 
length in these 
cells? 



Detectors (Mass Spectrometry) 

Qualitative and Quantitative Analysis 

Need an interface that can take a continuous liquid eluent from LC and 
convert analyte  to ions in the gas for MS. Electrospray ionization is also 
an LC interface with MS. 



Detectors (Electrochemical) 

Electrochemical detection (ECD) for HPLC is an extremely selective and 
sensitive detection technique that is applied in a number of analyses 
such as the neurotransmitters dopamine, serotonin and noradrenalin. In 
combination with the proper electronics, ECD has a linear dynamic range 
of more then 6 orders of magnitude. This means that concentrations can 
be measured as low as 50 pmole/L and as high as 100 µmole/L or more. 

HPLC with amperometric detection. 

Column i (current) = const x [Analyte] 



Bonded Stationary Phases (Stable and 
Controlled Chemistry) 

Normal-phase LC Reversed-phase LC 

Organochlorosilane coupling chemistry!! 
 
R group can be whatever one wants. 



Particle Size Effect of Stationary Phase 

Smaller particles, 
more efficient  
packing, lower A 
term. 

Stronger solvent, greater 
affinity for mobile phase 
(better solubility) 



Effect of Particle Size of Stationary Phase 

Smaller particle size, more efficient packing and improved plate numbers 
(efficiency of separation). 

Remember:  
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Reversed-Phase HPLC 

Notice the time! 



Reversed-Phase HPLC 

Effect of organic solvent content (mixed with water) 

Decreasing organic solvent content 

Forcing solutes to be more 
soluble in stationary phase!! 



Gradient Elution in RP-HPLC 

Nonpolar stationary phase. To elute solutes, must increase the 
eluent strength by adding organic solvent (mixed with water). 

Solvent plays 
a key role in 
separation!!!! 

Make the solutes 
more soluble in 
mobile phase than 
in stationary 
phase!!! 

Solution to the general elution problem. 



Quantitative Analysis of Naturally Occurring 
Cannabinoids 

The analysis of natural cannabinoids is necessary not only because of 
potential medical uses for these compounds, but also in the 
regulation and quality control testing of products containing these 
compounds. To ensure the authenticity, quality, and amount of each 
cannabinoid contained in the product, an LC–MS method was 
developed. 

This method showed certain medicinal oils or tinctures available 
over the internet contained naturally occurring cannabinoids. 

What structural features make them separable by RP-HPLC? Could UV/Vis detection 
be used? Why? 

CBG Type THC Type 



RP-HPLC    Natural Cannabinoids  

Figure 1: (a) Chromatogram of seven cannabinoids at 100 ng/mL in solvent. (b) 
Chromatogram of a commercially available tincture containing seven 
cannabinoids. Standard additions shown. 



Detection Figures of Merit for Different 
Cannabinoids 

This work demonstrates a rapid method for the detection of naturally occurring 
cannabinoids by using LC-MS. All seven cannabinoids were detected at levels 
as low as 1 ng/mL (1 ppb or 1 pg on column) with a S/N of at least 20:1. This 
method is useful for quantitating cannabinoids in raw or commercial products. 

Waters Scientific 


