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1. Introduction 

 

In chromatographic techniques, the separation of different components is based on 

different physical or chemical properties of substances, i.e. distribution ratios between 

two phases, mobility within a phase, etc. A general introduction ("Einführung 

Chromatographie") can be found at www.analytik.ethz.ch. Please read carefully to get 

the theoretical bases of the subject, since in order to be able to work efficiently on 

the test days, a serious preparation is necessary. 

 

2. HPLC device 

 

High-Performance Liquid Chromatography (HPLC) is a method of liquid 

chromatography in which the separation is carried out under high pressure (up to 300 

bar at a flow of typically 1 mL / min). The most common stationary phase used is silica 

gel (normal phase HPLC) or silica gel modified with long alkyl chains (reversed phase 

HPLC). The particle size is 1.7-5 μm. This allows theoretical separation steps of up to N 

= 100,000 (According to Van Deemter’s equation). A schematic representation of a 

typical setup is shown in Figure 1: 

 

 
 

Figure 1: HPLC components scheme.(from Chromedia.nl) 

 

 

 

 

http://www.analytik.ethz.ch/


1 - Solvent reservoir:  

The mobile phase can differ according to the analyte of interest. The most common 

are water, acetonitrile, methanol. Before being pressurized, solvents must be degassed 

to avoid pressure instability in the column.  

 

2 – Pump:  

An ideal pump should provide solvent compatibility, constant flow delivery, low dead 

volume for minimum problems on solvent changeover and convenience of 

replacement. Three commonly used pump types: syringe type, constant pressure and 

the one used in the proposed experiment, the reciprocating piston pump. The 

reciprocating piston pumps deliver solvent(s) through reciprocating motion of a piston 

in a hydraulic chamber. The solvent deliver of reciprocating pumps is smooth because 

they have complementary actions; while one pump is in the filling cycle, the other one 

is in the delivery cycle. High pressure output is possible at constant flowrates and 

gradient operation is also possible. 

 

3 - Injector:  

The injection system is positioned after the pump head, and is therefore located on 

the high-pressure side of the solvent delivery system. The injection of a sample at 

atmospheric pressure into the system, at high pressure, represents a critical step in 

the chromatographic process. Sample injection valves, or switching valves, are used to 

introduce reproducible amounts of sample into the HPLC eluent stream without 

causing changes in pressure or flow. Injecting directly into the high-pressure flow of 

mobile phase eliminates the requirement to stop the mobile phase flow, effectively 

minimizing any disturbance in the chromatographic baseline by allowing an essentially 

pulse-free change in the direction of the mobile phase flow through the autosampler 

valve. The sample is introduced using a syringe into the sample loop via a port on the 

injection valve (Fig. 2). 

 
 

Figure 2. Injection system in “load” position (left) and “inject” position (right). 



 

 

Once the sample is loaded the valve is turned to the ‘inject’ position. The rotor seal 

channels move and connect different ports on the stator. The pump is now able to 

push mobile phase through the sample loop, transferring the sample onto the column. 

Once the injection has been made the valve is returned to the ‘load’ position. This 

enables loop filling for the next injection. Some workers prefer to leave in the inject 

position until the next injection is required to completely flush the loop and reduce 

‘carryover’. 

   

4 – Column: 

Columns contain the stationary phase, which is selected according to the physical and 

chemical properties of the analyte of interest. The most common packing material is 

silica gel. Different modifications on the silica beads surface (Fig. 3) are required for 

separation of different analytes . For instance –OH terminal groups on the silica surface 

allow interaction with highly polar compounds, whereas alkyl-modified beads are 

suitable for non-polar compounds (so-called reversed phase chromatography). In 

addition, surface area of the stationary phase plays a crucial role on the separation 

performance. Normally, the particle diameter varies from 1.5 to 5 µm. Although using 

smaller particles requires higher operational pressure, it provides better separation 

resolution due to higher surface area.  

 

 

 
 

Figure 3. Schematic representation of the different stationary phases: 

unfunctionalized silica (on top) Vs. C18-modified silica (bottom). 

 

5 – Detector: 

Evaluation of the separation performance is possible through detection of the analytes. 

The most common detectors are: ultraviolet/visible (UV-Vis), photo-diode array (PDA), 

and mass spectrometry (MS). 

 

6 – Data System: 

The otucoming data are acquired and saved in digital format using a computer 

interface. Altough it could be theoretically possible to work with a stand-alone 

machine, digital data treatment allows to achieve more reliable results, especially in 

quantification.  



 

7 – Waste: 

Once analyzed, the eluent mixture, possibly containg analytes, is collected and 

disposed of. 

 

 

2.1 Experimental apparatus 

 

The proposed experiments will be performed on a modular device, manufactured by 

Shimadzu Corporation (Japan), one of the leading firms in the field. 

For the sake of convenience, operating conditions are summarized in the following 

Table 1: 

 

Table 1. Operating conditions for experiments 

 

Eluent mixture 
Water (H2O) and acetonitrile (ACN) in 

variable proportions 

Operating pressure (Max) 200 bar 

Injection volume 20 μl 

Column type C18-functionalized silica gel 

Diameter of silica beads 5 μm 

Detector (photo-diode array) range 190-800nm 

Spectral resolution 2 nm 

 

 

 

 

3. Tasks  

3.1 Influence of the solvent composition: Qualitative interpretation of the 

chromatogram of a homologous phenone series: 

 

Procedure: A dilute solution of acetophenone, propiophenone, n-butyrophenone and 

n-valerophenone (Figure 4) in acetonitrile: water (1: 1) is available 

(concentration ~ 100 mg / L). 

 

 

 

  
 

Figure 4. From left to right, acetophenone, propiophenone, butyrophenone and 

valerophenone. 

 



The influence on the separation behavior of the following parameters is investigated: 

eluent composition (ACN: H2O, 50:50, 80:20, 95: 5) and flow rate (0.5 mL / min, 0.75 

mL / min, 1 mL / min) .The following combinations should be measured at 250 nm: 

 

Table 2. Composition of the separation parameters to be examined. 

 

5 μm column (manual sampler) 

Solvent ratio 

 [ACN : H2O] 

Flow rate [mL/min] 

 

50 : 50 

 

0.5 

0.75 

1 

 

80 : 20 

0.5 

0.75 

1 

95 : 5 1 

 

Evaluation: The chromatograms are evaluated by hand and submitted together with 

the report. On the chromatograms, the reversal tangent (analogous substances) are 

drawn in and the basic peak width (in cm) is measured and converted into a temporal 

peak width. Further, the following chromatographic parameters are calculated: 

retention time, net retention time, retention factor, relative retention, plate number, 

resolution. The following assumption is made: V0 = 1 mL at a flow rate of 1 mL / min. 

 

Discussion: Using the measured chromatographic parameters, discuss the properties 

of the separation, e.g. influence of eluent mixture, analysis time, separation 

performance. Determine and justify the optimal parameters for the separation 

problem. 

 

 

3.2 Quantitative determination of acetophenone using an internal standard 

 

Procedure: An acetophenone and a propiophenone stock solution (both ~ 100 mg/L 

in acetonitrile: water (1: 1)) are available. The assistant prepares an acetophenone 

solution with an unknown concentration (= analyte). In order to determine the 

concentration of acetophenone, three calibration solutions with different 

acetophenone but constant propiophenone concentrations are prepared by the 

students in 10 mL volumetric flasks. The three calibration solutions and the analyte are 

quantified by HPLC. The separation is carried out using the optimum separation 

parameters determined in Exercise 3.1. All measurements are determined in triplicate. 

 

 

 

 



 

Table 3. Acetophenone and propiophenone concentrations used. 

 

Measurement solution cAcetophenon [mg/L] cPropiophenon [mg/L] 

1 2 5 

2 4 5 

3 6 5 

Analyte unknown 5 

 

 

 

Evaluation: The area integrals of the acetophenone and propiophenone peaks are 

related to the factor f: 

𝐴𝐴𝑐𝑒𝑡𝑜𝑝ℎ𝑒𝑛𝑜𝑛

𝐴𝑃𝑟𝑜𝑝𝑖𝑜𝑝ℎ𝑒𝑛𝑜𝑛
= 𝑓 ∙  

𝑐𝐴𝑐𝑒𝑡𝑜𝑝ℎ𝑒𝑛𝑜𝑛

𝑐𝑃𝑟𝑜𝑝𝑖𝑜𝑝ℎ𝑒𝑛𝑜𝑛
 

The factor f is determined by the evaluation of the chromatograms of solutions 1-3. 

The figure of f against the concentration of Acetophenone including error bars should 

be present and the average f should be calculated. By applying this factor to the 

chromatograms of the analyte, the unknown acetophenone concentration can be 

determined.  

 

Discussion: After determination of the acetophenone concentration, the actual 

concentration can be announced by the assistant. The report must state the 

experimental concentration and the actual concentration. Possible sources of error are 

identified and discussed. 

 

 

3.3 Quantitative analysis of caffeine in energy drinks or similar drinks  

 

Procedure: A 5 point calibration in the range of 0.01-0.1 mg / mL caffeine is made. The 

three samples taken (coffee without milk and sugar, energy drinks, coke, etc.) are 

analyzed separately by each student. As a method, a gradient from 10% ACN to 70% 

ACN is used (see Figure 5). The analysis sequence is worked out together with the 

assistant. Each sample (including calibration) is performed for three times and 

detected at a wavelength of 272 nm. 

 



 
Figure 5. Solvent gradient of caffeine quantification method. 

 

 

The beverages containing caffeine are shaken for degassing, then filtered through a 

0.45 μm cellulose filter and diluted by the amount of caffeine (Figure 6) declared by 

the manufacturer. Care must be taken to ensure that the diluted concentration 

corresponds to the selected calibration range. 

 

 
Figure 6. Structure formula of caffeine. 

 

Evaluation: The calibration curve is calculated by HPLC. The caffeine concentrations of 

the samples are determined by comparing the area integration with the calibration 

curve. The dilution factor used can be used to calculate the actual concentration. The 

measurement error is determined by Student t distribution. 

 

Discussion: The measured value should be set in relation to the manufacturer's 

specification. Potential sources of error should be determined and discussed. Also 

possible improvements in the analysis protocol are described. 
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