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A1 

Health, Safety, and Environment 

Please describe which HSE measures are necessary? Follow them accordingly! 

Environmental protection 

Please describe if environmental protection measures are needed? 

Fundamentals 

The method is based on the oxidation of glycerol in a test sample by acidified potassium dichromate solution when 
heated, followed by determination of the excess of potassium dichromate by iodometry. To do this, an excess of 
potassium dichromate is reduced by potassium iodide, the released iodine is titrated with standard sodium 
thiosulfate solution in the presence of starch as an indicator 

Objectives 

1. Prepare 0,5% starch solution. 

2. Standardize provided sodium thiosulfate solution against potassium dichromate. 

3. Determine glycerol content in the sample 

4. Produce a report 

Total time to complete work is 3 hours. 

Equipment, reagent and solutions 

Analytical balance with 
readability of 0.1 mg; 

Pipettes of different sizes;  Starch soluble, reagent grade;  

Heating plate; Volumetric flasks with stopper, 
nominal capacity of 250 and 500 
cm3 

Potassium dichromate, 99.95 -100%; 

Laboratory stands with 
clamps; 

Conical flasks with nominal 
capacity of 250 and 1000 cm3; 

Potassium dichromate, 0,2549 M acidified 
solution; 

 Measuring cylinders, 100 cm3; Potassium iodide, 20% solution 

 Burettes, 25 and 50 cm3; Sodium thiosulfate, approx. c(Na2S2O3х 
5H2O) = 0.1 mol/dm3 solution; 

 Beakers of different sizes;  Sulfuric acid solution 1:3 (vol/vol); 

 Bottles weighing, with ground in 
stopper; 

Distilled or deionized water 

 Spatulas;  

 Watch glasses;  

 Funnels of different sizes;  
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Preparation of the solutions  

Starch 0,5 % solution 

1. Place 90 mL of distilled or deionized water in a beaker and bring to a boil on a hot plate. 

2. Make a smooth paste with the required weighed portion of soluble starch and a small volume of distilled 

or deionized water. 

3. Pour the starch paste into the boiling water and stir until all of the starch is dissolved. Bring the volume to 

approximately 100 cm3. The resulting solution must be transparent without lumps or undissolved particles. 

Assay 

Standartization of sodium thiosulfate (approx. C(Na2S2O3х 5H2O) = 0.1 mol/dm3) solution with potassium 

dichromate 

Dissolve 0.0800-0.1000 g of potassium dichromate in 80 cm3 of distilled or deionized water in a 250 cm3 conical 

flask. 

Add 10,00 cm3 of 20% potassium iodide solution and acidify with 5,00 cm3 of sulfuric acid solution 1:3 (vol/vol), 

close the flask and mix. 

After 5 min incubation in the dark titrate the released iodine with sodium thiosulfate solution until the resulting 

mixture turns yellowish-green, then add 2 cm3 of 0,5% starch solution (colour should change to deep blue) and 

continue titration until the transition from deep blue colour to light green occurs. 

Titration is carried out at least three times. 

Calculate correction factor for sodium thiosulfate solution with an accuracy of up to four decimal places using 

the following equation: 

, 

where  

m — the weight of potassium dichromate, g; 

0,0049037 — the weight of potassium dichromate in grams equivalent to 1 cm3 of 0.1 mol/dm3(0.1 N) sodium 

thiosulfate primary standard solution, 

V — the volume of thiosulfate consumed for titration, cm3.  

Discrepancy between results should not exceed 0,003.  

Calculate the arithmetic mean value for the estimated factors. Results should be rounded up to the fourth 

decimal place. 

Analysis of the sample 

Dilute 2,0000 ± 0,0050 g of sample with distilled or deionized water in a 250 cm3 volumetric flask and make up 

the volume.  

Pipette 25,00 cm3 of prepared sample solution into a 250 cm3 conical flask, add 25,00 cm3 of potassium 

dichromate solution and 50,00 cm3 of sulfuric acid solution 1: 3 (vol/vol) and mix.  

Bring the flask to a boil and keep it at a gentle boiling for 1 hour. Close the flask loosely to prevent excessive 

evaporation (with Alu foil, watch glass or similar). Do not overboil. 

Transfer the entire contents of the conical flask into a 500 cm3 volumetric flask, dilute and make up volume with 

distilled or deionized water.  

Pipette 50,00 cm3 of the prepared solution into a 1 dm3 conical flask, add 10,00 cm3 of 20% potassium iodide 

solution and acidify with 20,00 cm3 of sulfuric acid solution 1: 3 (vol/vol), close the flask and mix. 
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After 5 min standing time in the dark, wash the stopper and the walls of the flask with water and adjust volume 
of obtained solution to approximately 500 cm3 with water. Titrate the released iodine with sodium thiosulfate 
solution until the solution turns yellowish-green color, then add 2 cm3 of 0,5% starch solution (colour should 
change to deep blue) and continue titration until the transition from deep blue colour to light green occurs. 
Please perform two independent determinations. 
The control analysis is carried out in the same way but distilled water is used instead of the sample. 

Calculations 

The content of glycerol in % shall be given: 𝑤𝑤 (%) =
�𝑉𝑉𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 − 𝑉𝑉𝑠𝑠𝑏𝑏𝑠𝑠𝑠𝑠𝑏𝑏𝑠𝑠� × 𝐹𝐹 × 0,00065783 × 𝑁𝑁 × 100𝑚𝑚  

where  
Vblank - the volume of sodium thiosulfate solution consumed for the titration in the control analysis, cm3; 
Vsample - the volume of sodium thiosulfate solution consumed for the titration of the sample, cm3; 
F - correction factor of sodium thiosulfate solution; 
m - weight of the sample, g; 
0.00065783 - the mass of glycerol in grams corresponding to 1 cm3 of 0,1 mol/dm3 of sodium thiosulfate primary 
standard solution. 
100 – percent conversion coefficient; 
N - sample dilution ratio during analysis. 
The convergence (repeatability) of the results of the analysis (A) in % is calculated by the equation: А =

2(Х1 − Х2)Х1 + Х2 ∗ 100 

where Х1- greater result from two parallel measurements, Х2- smaller result from two parallel measurements. 

Calculate the arithmetic mean value for the obtained results and round it to the first decimal place. 

Report 

Please produce a report, write down the equations of chemical reactions occurring during the determination and 
calculate the equivalent weight of glycerol in the oxidation reaction. 
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B1 

Health, Safety, and Environment 

Please describe which HSE measures are necessary? Follow them accordingly! 

Environmental protection 

Please describe if environmental protection measures are needed? 

Fundamentals 

The method is based on the interaction of iron (III) ion in an alkaline medium at pH > 9 with sulfosalicylic acid with 
a formation of a yellow colored complex. 

 
Absorbance values of this complex measured at a wavelength of 410 - 440 nm conform to Beer's law.  

Objectives 

1. Prepare 0,005 g/dm3 standard iron (III) ions solution. 

2. Prepare 5-sulfosalicylic acid solution 

3. Prepare 2,0 M ammonium chloride solution 

4. Prepare 7,0 М ammonium hydroxide solution 

5. Determine iron (III) concentration in the sample (mg/dm3) 

6. Produce a report 

Total time to complete work is 3 hours. 

Equipment, reagent and solutions 

Analytical balance 
with readability of 
0.1 mg; 

Pipettes of different sizes;  Hydrochloric acid, 1:4 solution 

Balance with 
readability of 1.0 
mg; 

Volumetric flasks with stopper, capacity of 50, 100 
and 500 cm3; 

Ammonium chloride, reagent 
grade; 

Heating plate; Conical flasks with capacity of 100 cm3; Ammonia solution 25%; 

Spectrophotometer 
with cuvettes  

Measuring cylinders, 50 cm3; 5-Sulfosalicylic acid dihydrate, 
reagent grade; 

Laboratory stand 
with clamps; 

Burettes, 25 cm3; Primary standard iron (III) ions 
solution, 0,1 g/dm3; 

 Beakers of different sizes;  Distilled or deionized water; 

 Bottles weighing, with ground in stopper; pH - indicator strips; 

 Spatulas;  

 Watch glasses;  

 Funnels of different sizes;  

 

  

pH≥ 9.0 
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Preparation of the solutions  

0,005 g / dm3 iron (III) ions standard solution  

Calculate and dilute aliquot of 0,1 g/dm3 iron (III) ions primary standard solution in distilled or deionized water in 
a 500 cm3 volumetric flask. Make up the volume with water and mix. 

5-Sulfosalicylic acid solution 
Dissolve 20,0 g of 5-sulfosalicylic acid dihydrate in distilled or deionized water in a 100 cm3 volumetric flask. Make 

up the volume with water and mix. 

Ammonium chloride, 2,0 M solution 
Dissolve the calculated amount of ammonium chloride in distilled or deionized water in a 100 cm3 volumetric flask. 

Make up the volume with water and mix. Filter the prepared solution using paper filter if it is cloudy.  

Ammonium hydroxide 7,0 М solution  

Dilute the calculated amount of 25 % ammonia solution (density is 0,9070 g/cm3) with distilled or deionized water 

in a 100 cm3 volumetric flask. Make up the volume with water and mix. 

Assay 

Calculate 0.005 g/dm3 iron (III) ions standard solution aliquot volumes to prepare 50 cm3 each of iron (III) ions 

solutions with concentrations 0,0; 0,1; 0,2; 0,5; 1,0; 1,5; 2,0 mg/dm3 respectively. 

Pour aliquots of 0.005 g/dm3 iron (III) ions standard solution in 50 cm3volumetric flasks, add distilled or deionized 

water to approximately 40 cm3.  

Add 1,00 cm3 of 2,0 M ammonium chloride solution, 1,00 cm3 of sulfosalicylic acid solution, adjust the pH of 

this solution to >9.0 with at least 1,00 cm3 7,0 М ammonium hydroxide solution. Make up the volume with 

water. Mix thoroughly after addition of each reagent. 

Incubate for 5 min to develop the color. The solution is stable for at least 10 hours.  

Prepare two series of standard solutions. 

Transfer an aliquot of one of the 2,0 mg/dm3 iron (III) ions standard solution to a 5 cm cuvette. Measure 

absorbance at 410-440 nm in 5 nm step against the blank solution prepared in the same way but containing no 

iron (III) ions. Choose the wavelength that gives the maximum absorbance value. 

Measure the absorbance of the all colored iron (III) ions standard solutions at the selected wavelength and light 

path length against a blank solution. 

Analysis of sample 

Pipette 50,00 cm3 of sample into a 100 cm3 conical flask, add 1,00 cm3 of 1:4 hydrochloric acid solution (vol/vol) 

and mix.  

The flask is then heated until it begins to boil. Reduce heat and keep at a low boiling until volume reduces to 35-

40 cm3. 

Cool the solution to room temperature and transfer the entire contents of the conical flask into a 50 cm3 

volumetric flask, rinse of the conical flask 2 -3 times with 1 cm3 of distilled water.  

Add 1,00 cm3 of ammonium chloride 2,0 M solution, 1,00 cm3 of sulfosalicylic acid solution, adjust the pH of 

this solution to >9.0 with not less than 1,00 cm3 7,0 М solution of ammonium hydroxide. Make up the volume 

with water. Mix thoroughly after addition of each reagent. 

Incubate for 5 min to develop the color. The solution is stable for at least 10 hours. 

Sample preparation is carried out in duplicate. 
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Measure the absorbance of the sample at the selected wavelength and light path length against a blank solution 

(use distilled or deionized water instead of sample). 

Calculation 

Prepare a calibration line for your standards: plot obtained absorbance values against iron (III) concentrations for 
0,1 - 2,0 mg/dm3 standard solutions (6 values). Draw a “best-fit” straight line through the data points by linear 
regression method. 

Results 

The iron (III) concentration in the sample (mg/dm3) is evaluated using obtained equation of linear regression and 
taking into account the dilution factor. 
The convergence (repeatability) of the results of the analysis (A) in % is calculated by the formula: А = 2(Х1 − Х2)Х1 + Х2 ∗ 100 

where Х1- greater result from two parallel measurements, Х2- smaller result from two parallel measurements 

Take the arithmetic mean value for the estimated results and round it to the first decimal place. 

Report 

Please produce a report 
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C1 

Health, Safety, and Environment 

Please describe which HSE measures are necessary? Follow them accordingly! 

Environmental protection 

Please describe if environmental protection measures are needed? 

Fundamentals 

The method is based on the neutralization of a phosphoric acid and sodium dihydrogen phosphate with alkali in 
water. Sodium dihydrogen phosphate is neutralized together with the product of the neutralization of phosphoric 
acid in the first step. 

Objectives 

1. Calibrate the pH-meter. 

2. Standardize the sodium hydroxide solution. 

3. Determine molar concentration of phosphoric acid and sodium dihydrogen phosphate in the sample 

4. Produce a report 

Total time to complete work is 3 hours. 

Equipment, reagent and solutions 

Magnetic stirrer with 
adjustable stirring speed and 
magnetic stir bar; 

Pipettes of different sizes;  Standard buffer solutions (4.01, 7.01, 6.86, 
10.01), 

pH-meter with Refillable pH 
Electrode;  

50 cm3 measuring cylinders  0,1 N Hydrochloric acid standard solution 

Laboratory stands with 
clamps; 

25 and 50 cm3burettes Sodium hydroxide solution, c(NaOH) = 0,1 
mol/dm3 

 100 cm3 beakers  Distilled or deionized water 

 Funnels of different sizes;  

 Pipette bulbs  

   

   

Assay 

Calibration of pH meter 
Calibrate pH meter with two or three (depending on the manufacturer manual) standard buffer solutions (pH 
values are 4.01, 7.01 and 10.01) in accordance with the equipment manufacturer’s manual.  Check the pH of the 
control buffer solution (pH=6.86). The obtained value should be within ±0,05 units of the nominal value.  
Standardize the sodium hydroxide solution (approx. c(NaOH) = 0.1 mol/dm)3 with 0,1N hydrochloric acid primary 
standard solution  
Place 10,00-15,00 cm3 of the 0.1 N hydrochloric acid primary standard solution in a 100 cm3 beaker and add 
distilled or deionized water to 50 cm3 
Carefully drop a magnetic stirring bar into the beaker containing the solution and place the beaker on the magnetic 
stirrer.  
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Immerse the electrode in the solution. Carefully turn on the stirring motor and adjust the desired stirring speed 
making sure the stirrer bar is not going to hit the electrode. Make sure the pH-meter is functioning properly and 
allow reading on the display to stabilize. 
While stirring continuously deliver aliquots of sodium hydroxide solution in small increments from the burette. 
Record the volume in cm3 of titrant added and pH values after addition of each aliquot of titrant.  
After endpoint is reached continue the titration for at least another 5,00 cm3. 
Titration is carried out at least three times. 
Plot a graph of pH (on the Y-axis) vs volume of titrant (on the X-axis) using Excel or graph paper and determine 
the equivalence point graphically. 
Calculate the correction factor of sodium hydroxide solution considering law of equivalents: 
Results should be rounded up to the fourth decimal place. 
Discrepancy between results should not exceed 0,003.  
Take the arithmetic mean value for the calculated factors.  
Analysis of the sample 
Pipette 10,00 cm3 of the sample in a 100 cm3 beaker, add 40 cm3 of distilled or deionized water. 
With continuous stirring, add small aliquots of sodium hydroxide solution from the burette. Record the volume in 
cm3 of titrant added (V) and voltage values (E) in mV after addition of each aliquot of titrant.  
After reaching the first endpoint continue the titration until the second endpoint is reached.  
After the second endpoint continue the titration for at least another 5,00 cm3 of titrant. 
Titration is carried out at least two times. 
Upon completion of the titration, the speed of the magnetic stirrer is set to "0". Remove the pH electrode and 
the magnetic stirrer bar from the beaker and rinse thoroughly with distilled water. 

Calculation 

Plot a graph of △E/△V (on the Y-axis) vs V of titrant (on X-axis) using Excel or graph paper  and determine the 
equivalence points. The endpoints are established by the first derivative method as indicated by two maxima of 
the first derivative value. Maximum values are determined graphically or by interpolation. 
Calculate the concentration of phosphoric acid in the sample (in mol/dm3) by volume of 0.1 M sodium hydroxide 
solution consumed for titration to the first endpoint of the titration curve. Calculate the concentration of sodium 
dihydrogen phosphate (in mol/dm3) by the difference between volumes of 0.1 M sodium hydroxide solution 
consumed for titration to the first and second endpoints.  
The convergence (repeatability) of the results of the analysis (A) in % is calculated by the equation: А = 2(Х1 − Х2)Х1 + Х2 ∗ 100 

where Х1- greater result from two parallel measurements, Х2- smaller result from two parallel measurements. 

Calculate the arithmetic mean value of the obtained results and round to the second decimal place. 

Report 

Please produce a report and write down the equations of chemical reactions that take place in the course of 
determination. 
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D1 

Health, Safety, and Environment 

Please describe which H & S measures are necessary? Follow them accordingly! 

Environmental protection 

Please describe if environmental protection measures are needed? 

Fundamentals 

The method of synthesis of saturated halogenated hydrocarbons is based on the substitution reaction of the 
hydroxyl group of a primary alcohol with halogen when reacted with hydrogen halide. 
Chemical equation: 

 

 

Constants 

Molecular formula Mw Density, 

g/cm3 (20 С) 

Boiling point, 

°С 

nD
20 Solubility, g/100 g 

C2H5OH 46,07 0,7893 78,4 1,361 Unlimited 

C2H5Br 108,98 1,456 38,4 1,4242 0,9 

H2SO4 98,08 1,830 330 - Unlimited 

KBr 119,01 2,75 1380 - 39 

H2O 18,02 0,997 100 - Unlimited 

Objectives 

1. Calculate the required quantity of the potassium bromide to yield 15 g (10,3 ml) of ethyl bromide (theoretical 

yield of 55%). 

2. Carry out the synthesis of ethyl bromide according to the procedure. 

3. Calculate the yield of ethyl bromide in %. 

4. Determine nD
20 of ethyl bromide. 

5. Produce a report. 

Total time to complete work is 4 hours. 
 
  

CH
3

OH

CH
3

Br

H
2
SO

4
, KBr

H
2
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Equipment, reagent and solutions 

Magnetic stirrer with 
heating or heating plate,  

Flask heating block; 

Water and sand bath 

Laboratory stands with 
clamps; 

Balance with readability of 
1.0 mg. 

Measuring cylinders of different sizes; 

Round bottom flasks with nominal capacity 
of 100 and 250 cm3; 

Distilling heads; 

Liebig condenser; 

Receiver adapters; Delivery adapters 

Conical flasks of different sizes; 

100 cm3 beakers 

Funnels of different sizes;  

Separating funnel; 

Thermometers; 

Glass beads; 

Stoppers 

Porcelain mortar with pestle 

Spatula 

Sulphuric acid; 93,6% 

Potassium bromide;  

Ethanol; 96% 

Anhydrous calcium chloride; 

Ice; 

Distilled or deionized water. 

Synthesis 

Place 28 ml of ethanol and 20 ml of cold water in a round bottom flask. Carefully add 160% excess of sulfuric 
acid with continuous stirring and cooling. The mixture is cooled to room temperature and calculated amount of 
crushed potassium bromide is added. Assemble the unit for distillation at atmospheric pressure. The receiving flask 
should be almost completely filled with cold water and placed in an ice bath. During the reaction the product is 
distilled and collected in the receiver. The reaction mixture is heated until the oily droplets stop dripping into the 
receiver. In case of too intense boiling of the reaction mixture reduce heat or stop heating for a while. When the 
reaction is completed collected ethyl bromide is separated from the water with a separating funnel into a dry flask 
and dried with anhydrous calcium chloride (approximately 5 g). If necessary, add more anhydrous calcium chloride. 
The resulting solution must be clear. The dried raw product is filtered into a distillation flask and then distilled. The 
fraction between 36 and 41 °C is collected. To reduce product losses, the receiver is placed in an ice water bath. 
Weight the product and calculate yield of the reaction in %. 
Determine refractive index of the obtained products. Measurements should be performed in triplicate. Calculate 
the average refractive index. A match to the third decimal place to the nominal value indicates a high purity of the 
product 

Report 

Please produce a report. 
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E1 

Health, Safety, and Environment 

Please describe which HSE measures are necessary? Follow them accordingly! 

Environmental protection 

Please describe if environmental protection measures are needed? 

Fundamentals 

Reversed-phase chromatography is based on separation of compounds passing through a column with conditions 
in which a nonpolar stationary phase is used in conjunction with a polar mobile phase. Stationary phase is octadecyl 
chains chemically bound on silica gel. The mobile phase is a mixture of water with organic solvent in a presence 
of ion-pair reagent for improving separation of organic ions and partly ionized organic analytes.  
Identification is carried out using spectrophotometric detection at appropriate wavelengths. 

Objectives 

1. Choose detection wavelengths. 
1. Prepare standard solutions of known dyes. 
2. Identify unknowns in the provided sample 
3. Produce a report 

Total time to complete work is 4 hours. 

Chromatographic conditions 

Injection volume:  20 μl 
Flow:  1 cm3/min 
Column temperature:  40 °C 
Mobile Phase A:  0,001 М Tetrabutylammonium hydroxide in 0,01 M sodium dihydrogenphosphate 

solution, pH= 4.3-4.4 
Mobile Phase B: Acetonitrile 
Liquid composition:  Gradient 

Time, min Volume fraction, % 
А В 

0,01 70 30 
12,5 50 50 
13,5 20 80 
15,5 20 80 
17,5 70 30 
19,5 70 30 
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List of compounds 

Сompound name Structural formula Сompound name Structural formula 
E110 
(Sunset Yellow) 

 

E122 (Azorubine) 

 

E124 
(Ponceau 4R) 

 

E 131 
(Patent Blue V) 

 

E129 
(Allura Red AC) 

 

  

Equipment, reagent and solutions 

Analytical balance with 
readability of 0.1 mg; 

Pipettes of different sizes;  E110 (Sunset Yellow), food colouring 

Spectrophotometer with glass 
cuvettes 

Volumetric flasks with stopper, of 
different sizes 

E124 (Ponceau 4R), food colouring 

HPLC System: LC-20 Prominence, 
Shimadzu 

Beakers of different size; E129 (Allura Red AC), food colouring 

Column: Luna®, particle shape - 
sphere, particle size – 5 µm, 
phase C18, pore size - 100 Å, 
dimensions -250 x 4.6 mm 

Standard screw-thread 
autosampler vials with cap and 
septa, 12 × 32 mm, volume 2 mL, 
glass 

E122 (Azorubine), food colouring 

Security Guard C18 4.0 х 3.0 мм Syringe Filters: Phenex-RC, 
diameter - 4mm, pore size - 0.45u, 
Non-Sterile, Luer/Slip 

E 131 (Patent Blue V), food colouring 

Single Channel Pipettes  Syringes; Distilled or deionized water 
 Bottles weighing, with ground in 

stopper; 

 

 Spatulas;  
 Funnels of different sizes;  
 Measuring cylinders of different 

sizes; 
 

 Tips for pipettes  
All manipulations with the HPLC System are performed by a technical expert. The competitor prepares 
samples and indicates the detection wavelengths, but couldn’t change the mentioned chromatographic 
conditions.  
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Competitor should think over the design of the experiment in order to fit into the total time, e.g. which solutions 
to prepare, the number of repeated measurements, the sequence of probe injection on a chromatograph. 

Assay 

Analysis of the standard solutions by spectrophotometry 
Prepare 4 stock standard solutions of approximately 1,25g/l containing the following substances: E110 (Sunset 
Yellow), E124 (Ponceau 4R), E129 (Allura Red AC), E122 (Azorubine), and 1 standard solution of approximately 
0,25 g/l containing E 131 (Patent Blue V). 
Dilute the appropriate volume of each dye in distilled or deionized water 50 times, mix. 
Measure visible light spectrum (380-740 nm) of each prepared solution individually using spectrophotometer with 
1-cm cuvettes. Dilute more if necessary. 
Read out two absorption wavelengths from the obtained spectrums, which will be used to detect dyes in all tested 
probes by HPLC. 
Analysis of the standard solutions by HPLC 
Prepare working standard solutions of one dye or mix of tested dyes. 
Prepare a solution of 25 mg/dm3 for HPLC Analyse for E110,E124,E129 and E 122. And for E131 you have to take 
a concentration of 5mg/dm3 
Filter obtained solutions using syringe filters, transfer 2 cm3 of filtrates to the vials and screw the cap.  
The prepared solutions are analysed by HPLC. 
Analysis of the sample 
Dilute the sample with distilled or deionized water 2 times, mix. 
Filter obtained solution using syringe filters, transfer 2 cm3 of filtrate to the vial and screw the cap.  
The prepared solution is analyzed by HPLC. 

Calculation 

From the obtained chromatograms read out or calculate following parameters of the 5 substances: 
retention time (tR) and symmetry factor (As).   
The measurement results are summarized in a table and used to allocate peaks in the sample. 
Identify peaks in the sample and calculate resolution (RS) between neighboring peaks. 
List all dyes that are present in the sample. 

Report 

Please produce a report. 
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F1 

Health, Safety, and Environment 

Please describe which HSE measures are necessary? Follow them accordingly! 

Environmental protection 

Please describe if environmental protection measures are needed? 

Fundamentals 

The method is based on distribution of components when passing through capillary column between the two 
phases: high polar stationary phase (nitroterephthalic-acid-modified polyethylene glycol) and the mobile phase 
which is carrier gas nitrogen, N2. Compounds that have greater affinity for the stationary phase spend more time 
in the column and thus elute later and have a longer retention time than samples that have higher affinity for the 
mobile phase. 
Headspace injection system is used to effectively and reproducibly transfer of aliquot of vapor phase, which is 
produced as a result of heating sample at temperature of 80 °C in sealed vial, to the inlet of gas chromatograph. 
Identification of substances is carried out using Flame Ionization Detector (FID). Quantitative determination of 
organic compounds is carried out by the internal standard method. 
The working range of method for determining the acetone, propanol-2 and propanol-1 content is from 0,1 to 
10 mg/cm3. 

Objectives 

1. Identify standard solutions by refractometry. 

2. Prepare standard solutions, calibration solution and internal standard. 

3. Determine retention time of organic solvents 

4. Identify solvents in the provided sample 

5. Determine content of the identified solvents in the sample. 

6. Produce a report 

Total duration of work is 5 hours. 

Chromatographic conditions 

Headspace Oven temperature:  80 °C 
Loop temperature:  120 °C 
Transfer line temperature:  120 °C 
Heating  time:  19.0 min 
Inject time: 0.5 min 
GC cycle time: 18.0 min 
Vial shaking no 
Injections per vial:  1 
Inlet:  Split/splitless 
Split mode:  1:100 
Inlet  temperature:  200 °C 
Carrier gas pressure: 76.7 kpa 
Column temperature: 120 °C 
Detector temperature: 200 °C 
Signals:  FID, 50 Hz  
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Refractive index solvents (according to database https://pubchem.ncbi.nlm.nih.gov/)   

Solvents Refractive index (20°C) 

Acetone 1.3588 

Propanol-2 1.3772 

Propanol-1 1.3862 

Methylcarbinol 1.3611 

Equipment, reagent and solutions 

Analytical balance with readability of 0.1 mg; Pipettes of different sizes;  Acetone, ≥ 99,5 % 

GC System: GC-2010 Plus with Headspace 
Sampler HS-10 and Flame Ionization Detector 
(FID), Shimadzu 

Volumetric flasks with stopper, of 
different sizes 

Propanol-2, ≥ 99,5 % 

Column: Phenomenex Zebron ZB-FFAP, length -
50 m; internal diameter - 0,32 mm; film 
thickness - 0,5 µm; composition-
Nitroterephthalic Acid Modified Polyethylene 
Glycol; polarity-58 (Polar) 

Beakers of different sizes; Propanol-1, ≥ 99,5 % 

Headspace Crimp Vials, 20 mm, 23 
× 75 mm, volume 20 mL, glass 

Methylcarbinol, ≥ 99,5 
% 

Manual crimper, size of 20 mm Aluminum Seals with Septa, 20 
mm, preassembled 

Distilled or deionized 
water 

Manual decapper, size of 20 mm Syringes with needle; Sample, containing 
unknown organic 
solvents and ethanol of 
1 mg/сm3 

Single Channel Pipettes of different sizes Funnels of different sizes;  

Refractometer Measuring cylinders of different 
sizes; 

 

 Tips for pipettes  

All manipulations with the GC System are performed by a technical expert. The competitor prepares 
samples, sends them for analysis and indicates the injection order of the samples, but couldn’t change 
the mentioned chromatographic conditions.  
The participant should think over the design of the experiment in order to fit into the total time, e.g. which 
solutions to prepare, the number of repeated measurements, the sequence of probe injection etc. 
Analysis of the standard solutions by refractometry 
Measure the refractive index of standard solutions of organic solvents and identify individual compounds. 

Preparation of the solutions  

Preparation of standards solutions  
Place 20,0 cm3 of distilled or deionized water in a 50 cm3 volumetric flask. Weigh the flask and record the mass. 
Add approximately 2,5000 g of each organic solvent standard: 2-Propanol, 1-Propanol and acetone. Record 
masses of all additives. Make up the volume, mix. 
Preparation of calibration solutions of standards   
Calculate the volume of standard solutions for the preparation of 50 cm3 of calibration solutions of each organic 
solvent with concentration 0.5, 1.0, and 2.0 mg/cm3. 
Place 20 cm3 of distilled or deionized water in a 50 cm3 volumetric flask, add the calculated volume of standard 
solution, make up the volume, mix.  
Preparation of internal standard solution  
Place 20 cm3 of distilled or deionized water in a 100 cm3 volumetric flask, weigh the flask and record the mass. 
Add approximately 0,5000 g of methylcarbinol, weigh the flask and record the mass. Make up the volume, mix.  
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Assay 

Analysis of the sample 
Place 5 cm3 of sample in the vial and crimp the cap, mix.  
The prepared probe is analysed by GC. 
Determination of the retention time of the organic solvents  
Prepare solutions of one or mixture of tested organic solvents: 2-Propanol, 1-Propanol, acetone and 
Methylcarbinol. 
Place 5 cm3 of distilled or deionized water in the vial and add 20 mm3 of organic solvent, crimp the cap and mix.  
The prepared probes are analyzed by GC. 
Analysis of the calibration solutions   
Place 4 cm3 of calibration solution in the vial, add 1 cm3 of internal standard solution and crimp the cap, mix.  
The prepared probes are analysed by GC. 

Calculation 

From the obtained chromatograms of standard solutions read out or calculate following parameters of each 
organic solvent: 
retention time (tR), peak area (Area).   
The measurement results are summarized in a table and used for the allocation of the peaks of the sample which 
has to be identified. 
The content of organic solvents in standard solutions or internal standard solution (in mg/ cm3) shall be calculated: 𝑐𝑐𝑖𝑖 =

𝑚𝑚𝑖𝑖 × 𝜔𝜔𝑖𝑖𝑉𝑉 × 100
 

where  
V - the volume of working solution of standards or internal standard solution, cm3; 𝜔𝜔𝑖𝑖 - content of i-th organic solvent in % according quality certificate; 𝑚𝑚𝑖𝑖 - weight of i-th organic solvent additive, mg; 
100 – percent conversion coefficient; 
Results should be rounded up to the first decimal place. 
The content of each organic solvent in j-th calibration solutions (in mg/ cm3) shall be calculated: 𝑐𝑐𝑖𝑖𝑗𝑗 =

𝑐𝑐𝑖𝑖 × 𝑉𝑉𝑤𝑤𝑉𝑉𝑗𝑗  
 

where  
Vj - the volume of calibration solution, cm3; 𝑉𝑉𝑤𝑤 - the volume of aliquot of working solution, cm3; 𝑐𝑐𝑖𝑖 - content of i-th organic solvent in working solution, mg/ cm3; 
Results should be rounded up to the first decimal place. 
Mass of organic solvents or internal standard (in mg) in samples for analysis shall be calculated: 𝑚𝑚𝑖𝑖 = 𝑐𝑐𝑖𝑖𝑗𝑗 × 𝑉𝑉𝑎𝑎 

where  
Va - the volume of aliquot of j-th calibration solution or internal standard solution or sample, cm3; 𝐶𝐶𝑖𝑖 - content of i-th organic solvent in j-th calibration solution or internal standard solution or sample, mg/ cm3; 
Results should be rounded up to the first decimal place. 
From the obtained chromatograms of sample and calibration solutions containing internal standard read out or 
calculate following parameters of each organic solvent: 
retention time (tR), peak area (Area), ratio area of i-th organic solvent peak to area of internal standard peak (Area 
ratio). 
The measurement results are summarized in a table. 
Plot for each tested organic solvent a graph of Area ratio (on X-axis) vs ratio mass of corresponding organic solvent 
to mass of internal standard (on Y-axis) using Excel and determine linear regression equation coefficients (a, b) and 
regression coefficient (r). 
Mass of organic solvents (in mg) in probe of sample shall be given: 𝑚𝑚𝑖𝑖 = � 𝑆𝑆𝑖𝑖𝑆𝑆𝑠𝑠𝑠𝑠 ∙ 𝑎𝑎 + 𝑏𝑏� ∙ 𝑚𝑚𝑠𝑠𝑠𝑠 
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where  𝑚𝑚𝑖𝑖 – mass of i-th organic solvent in probe of sample, mg; 𝑆𝑆𝑖𝑖- area of i-th organic solvent peak from the obtained chromatograms of probes of sample 𝑆𝑆𝑠𝑠𝑠𝑠 - area of internal standard peak from the obtained chromatograms of probes of sample 𝑚𝑚𝑠𝑠𝑠𝑠 – mass of internal standard in sample probe, mg; 𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎 𝑏𝑏 – linear regression coefficients. 
Results should be rounded up to the first decimal place. 
The content of each organic solvent in sample (in mg/ cm3) shall be given: 𝐶𝐶𝑖𝑖 =

𝑚𝑚𝑖𝑖𝑉𝑉𝑠𝑠𝑎𝑎𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 
where  
Vsample - the volume of sample aliquot, cm3; 𝑚𝑚𝑖𝑖 – mass of i-th organic solvent in sample probe, mg; 
Results should be rounded up to the first decimal place. 

Results 

List of organic solvents that are present in the sample and their content. 

Report 

Please produce a report. 
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