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Key points of the exercise

» This experiment provides an introduction to the 0
application of High Performance Liquid Chromatography Jf
(HPLC) to the solution of complex analytical problems. ~ N

N

» Cola type drinks, coffee, and tea all are complex chemical J\ | }

systems that contain varying amounts of caffeine. 0% N

» The amount of caffeine present in these beverages can be
determined by HPLC.
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Quaternery HPLC system Caffeine standards (50, 100, 150, 200 ppm)
PDA detector at 254 nm+4 nm  50:50 (w/w) methanol:water

C18column Ultra-pure or HPLC grade water
5 mL syringes HPLC grade methanol

100 pL syringe Kimwipes

0.45um syringe filters Caffeine stock solution - 1000 ppm
Beverage samples Small beakers

Small vials Disposable pipettes

Labels Balances (0.0001 g)

Gloves
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Procedure: Preparation of samples

1. Obtain a beverage sample.

2. For soda samples, degas the sample by placing it in a vacuum flask and connecting the flask
to a vacuum pump or water aspirator. Keep it under vacuum until no more bubbles appear in
the soda sample. (If no vacuum is available, allow the soda to stand open overnight or place in
a sonicator bath).

3. For instant powder beverages, prepare as indicated on the package for a normal serving
using the methanol/water solution instead of just water. Any insoluble material will be removed
in the filtering step.

4. Filter the beverage sample through a 0.45 pm syringe filter with a 5 mL syringe. Dispense
the initial 1 mL into waste. Dispense the remaining volume into the sample vial.

5. Rinse the syringe filter with three 2-3 mL aliquots of the methanol/water solution between
each use.

- - - — - — - Co-funded by the
This project has been funded with support from the European Commission. This publication reflects the views only of the authors, Erasmus+ Programme -
and the Commission cannot be held responsible for any use which may be made of the information contained therein. of the European Union



(({.

Erasmus+

NETCHEM

Procedure: Preparation of samples

1. Prepare the following solutions from the 1000 ppm stock solution provided with this lab.
These solutions will be prepared by mass.

Mass caffeine stock solution Final mass Caffeine
(grams) (grams) (mg/L)

1 20.0 50

2 20.0 100
3 20.0 150
4 20.0 200

2. Use a disposable pipette to deliver the stock solution to a small beaker and dilute to the final
mass with the methanol/water solution.

3. Filter each standard solution through a 0.45 pm syringe filter with a 5 mL syringe. Dispense
the initial 1mL into waste. Dispense the remaining volume into a labeled vial.

4. Rinse the syringe filter with three 2-3 mL aliquots of the methanol/water solution between
eaCh USE. Co-funded by the
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Use TeamViewer to record UV-VIS spectra.
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Procedure: At the instrument

1. Aliquots consisting of 25 uL (sample loop) of the standards or samples should be injected
(syringe 100 pL).

2. Switch the manual injector to the “load” position and push at least three 25 pL volumes
of each sample through the sample loop, making certain each volume does not contain air
bubbles.

3. With the syringe still in the injector, turn to the “inject” position, at which time the
instrument will automatically start data acquisition. Leave the injector in the “inject”
position, and remove the syringe.

4. Rinse the syringe with at least 3 volumes of the methanol/water solution, dispensing the
rinses into the waste beaker.

5. Beverages with a high caffeine content may need to be diluted. If the area of the caffeine
peak for a beverage sample is greater than the area of the caffeine peak for the 200 ppm
standard, dilute the beverage sample with the methanol/water solution and run again.
Start with a 1:1 dilution.
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1. Use the caffeine standards to identify the caffeine peak.

2. Record the retention time and area of the caffeine peak for each of the
standards on the Data Sheet. The peak area will increase from the lowest
standard to the highest.

3. Use the retention time of the caffeine peak to determine if caffeine is
present in the beverage samples.

4. If caffeine is present in a beverage sample, record the retention time
and area of the caffeine peak on the Data Sheet.
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Analysis of data

1. Using the data obtained for the standard solutions, prepare a calibration
curve by graphing peak area versus concentration of caffeine in ppm.

2. Use the calibration curve to determine the amount of caffeine in your
samples. Report your results as instructed by your teacher. Suggested unit
are ppm, mg/mL, and mg/serving.

3. Use ‘approximate guide’ to calculate the percent difference (error)
between the results obtained in this experiment and the approximate
amount of caffeine in your selected beverage.
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Calculations

Beverage Experimental | Conc. from the | % Difference

conc. quide* (Error)

Co-funded by the
This project has been funded with support from the European Commission. This publication reflects the views only of the authors, Erasmus+ Programme -

and the Commission cannot be held responsible for any use which may be made of the information contained therein. of the European Union



Erasmus+

NETCHEM

*Approximate guide for caffeine amounts in common beverages
(J. Am. Diet 74 (1979) 28-32).

Beverage Caffeine Serving size Caffine
(mg/serving) (oz) (mg/mL)

Coca Cola 45.6 0.128
Diet Coke 45.6 12 0.128
Pepsi 37.2 12 0.105
Diet Pepsi 35.4 12 0.105
Tea, Iced 70 12 0.197
Tea, instant 30 7 0.145
Drip Coffee 80-135 7 0.652
Espresso 100.0 1.5-2 1.690-2.254
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Test for HPLC recovery and variability

Specific amounts of caffeine need to be measured and put into volumetric
flasks. Degassed caffeine — for example, free diet coke (250 mL) should be
added to each volumetric flask to obtain two spiked samples. A 1 mL aliquot
of the first spiked sample transfer to 5 vials and dilute 3 -fold with deionized
water. The same method is used to treat the second spiked sample to obtain
another 5 diluted solutions. Samples should be analyzed using the HPLC
method described previously; using the standard calibration curve, the
concentration of each sample needs to be calculated.

The coefficients of variation is determined from the standard deviation of the
measurements divided by the sample’s average. The percent recovery needs
to be calculated by the average of the measurements divided by the original
concentration.
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Certified reference materials

Generally, the accuracy and credibility of the data produced by
measurements depend largely on the traceability of the measurement
results to the international system of units. In chemical analysis,
certified reference materials (CRMs) are the measurement standards
by which metrological traceability can be achieved. RMs are widely
used for calibration of equipment, and for quality control and quality
assurance programs in many fields.
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Certified reference materials

The content of caffeine in a food-matrix certified reference material
needs to be determined by the same method, HPLC.

Details related to the certification of caffeine reference material purity by
ultraviolet/visible spectrophotometry and high-performance liquid
chromatography as two independent analytical methods can be found in the
reference: Journal of food and drug analysis 24 (2016) 703.
In the study, a full scientific process of the extraction, purification and

certification of caffeine is reported.
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1. Briefly explain how HPLC is used as a separation technique.

2. What is the purpose of the caffeine standards?

3. Why does the syringe have to be carefully rinsed before each use?
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DESCRIPTION OF REMOTE ACCESS

1. NETCHEM COMMUNICATION SIDES

(NOTE: NETCHEM Communication is defined as event that involves all kinds of internet interactions (in real time
and not in real time) between participants via devices (PCs, laptops, tablets andmobilephones))

host side

(NOTE: Host side of NETCHEM Communication is
defined as PC who invites other users to join the
session)

guest side

(NOTE: Guest side of NETCHEM Communication is participant’s PC in laboratory
defined as PC who joins the invitation to session)

2. COMMUNICATION SOFWARE

participant’s PC in classroom

Meeting: yes

Team Viewer Remote control: yes
Meeting and Remote control simultaneously: yes
Call 1:1: yes

Skype Conference Call: yes

3. COMUNICATION HARDWARE

on host side 1 PC for few participants

on guest side 1 PC, 1 headsets with microphone, camera

4. INFORMATION EXCHANGE TYPE

Place of Educator participant: guest side
Number of educator(s): 1

Place of student participant: host side
Number of student participant(s): about 25

Educational
(one side is dominantly receptive)

Consultative

(two sides are equal in giving-receiving Number of host side participant(s): No
information) Number of guest side participant(s): No
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