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Exercise 1 Lab safety, basic lab equipment
Purpose of the exercise: Representation of the main lab rules and lab devices.
Required knowledge: Usage of the most important lab rules and knowledge of the basic lab
devices.
General lab safety
Laboratory safety is a careful process, with the goal of preventing injuries and diseases from
occurring among students. Lab safety rules inform students about specific precautions to take
when doing lab procedures. Safety is everyone's responsibility and your co-operation ensures your
own safety and the safety of others.
The performance of unauthorized experiments is strictly forbidden. Don’t make experiments at
home or student’s residence.
Keep your work space clean and tidy. The working space, desk drawers, and instruments must be
kept neat and clean at all times. Never allow students to take chemicals out of the laboratory.
Never permit smoking, food, beverages, or gum in the laboratory. Food and drink, open or closed,
should never be brought into the laboratory or chemical storage area. Never use laboratory
glassware for eating or drinking purposes. Always perform the experiments or work precisely as
directed by the teacher. Immediately report any spills, accidents, or injuries to the teacher.
Apparel in the laboratory
Several courses will require that you wear protective clothing for your laboratories. Lab coat,
safety glasses (if necessary), and shoes (no sandals) must be worn at all times. Wear shoes that
adequately cover the whole foot; low-heeled shoes with non-slip soles are preferable. Do not wear
sandals, open-toed shoes, open-backed shoes, or high-heeled shoes in the laboratory. Long pants
that completely cover the legs are preferable. Secure long hair and loose clothing (especially loose
long sleeves, neck ties, or scarves). Remove jewellery (especially dangling jewellery).
Showing of lab devices and equipment
Presentation of the most important lab devices and showing their use. Measuring devices for
volume and instruments to measure mass. Working of analytical balance.
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Task 1. Using of different volumetric devices
Comparing of the accuracy of different volumetric glasswares (pipettes, burette, volumetric flask,
beaker, etc.). Please following the teacher’s instructions.
Task 2. Prepare the Balance for Weighing
1. When the display indicates zero weight the balance is ready for use.
2. Open the door of the analytical balance.
3. Using gloves, tongs or tweezers (not your bare fingers because fingerprints add mass)
place the weighing container or weighing paper on the balance, shut the door and wait a
few seconds until the unit stabilizes.
4. (It is a good practice to record the weight of the container or paper, but to get an accurate
readout of the substance being weighed you must cancel out the weight of the container or
paper.)
5. Do this by pressing the tare button until the display reads 0.0000 g.
6. Open the door and carefully add the substance being weighed until the display shows the
desired weight, then close the door and again wait until the scale stabilizes.
7. Record the weight either manually or by an optional statistics printer or standard printer
depending on the model of analytical balance being used.
8. When weighing is completed, return the analytical balance to the standby mode.
9. Use a soft brush to clean the weighing pan and cabinet. Remove spilled materials from the
weighing area. For more extensive cleaning it is advisable to unplug the unit and use a
damp cloth moistened with a mild soapy solution, taking care that no moisture enters the
weighing apparatus. Dry the unit thoroughly with a soft towel and be certain that the
balance door is shut.
10. If the unit is unplugged it will have to be warmed up again before weighing can begin.
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Tips:
1. The tare function should be performed no matter how much of a substance is to be
weighed.
2. Center materials being weighed on the weighing pan.
3. Because hygroscopic materials absorb moisture they should be weighed rapidly.
4. If substances to be weighed are hot, first allow them to cool in a dry environment to avoid
moisture absorption. For example, warm hygroscopic samples should be allowed to cool
in a desiccator prior to weighing. This is particularly important when weighing samples
that have just been removed from drying ovens.
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Exercise 2 Chemical calculations
Purpose of the exercise: Learning of the most important chemical calculations.
Required knowledge: Usage of chemical formulas and expressions of percentage and molarity.
Representation of different basic chemical calculations.
Basic terms of chemical calculation:
Solute - The substance which dissolves in a solution
Solvent - The substance which dissolves another to form a solution.
Solution - A mixture of two or more pure substances. In a solution one or more pure substances
are dissolved in another pure substance homogenously.
Mole - A fundamental unit of mass used by chemists.
This term refers to a large number of elementary particles (atoms, molecules, ions, electrons, etc)
of any substance. 1 mole is 6.02 x 1023 molecules of that substance. (Avogadro's number).
Task 1. Calculation of the molecular weight of different chemical compounds.
How many grams of the molecular weight of the following molecules?
 NaCl; MgSO4; H2O; NH4NO3; CaCO3; CH3COOH or further molecules
Task 2. Calculation of different concentration forms of solutions (percentages, molarity)
It is very common to express the concentration of solutions in terms of percentages.
Percent means per 100 parts, where for solutions, part refers to a measure of mass (μg, mg, g, kg,
etc.) or volume (μL, mL, L, etc.).
In percent solutions, the amount (weight or volume) of a solute is expressed as a percentage of the
total solution weight or volume.
Percent solutions can take the form of :
weight/volume % (wt/vol % or w/v %),
weight/weight % (wt/wt % or w/w %),
volume/volume % (vol/vol % or v/v %).
In each case, the percentage concentration is calculated as the fraction of the weight or volume of
the solute related to the total weight or volume of the solution.
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Molar solutions are the most useful in chemical reaction calculations because they directly relate
the moles of solute to the volume of solution.
The formula for molarity (M) is: moles of solute / 1 litre of solution or gram-molecular masses of
solute / 1 litre of solution.
Task 3. Using of the dilution equation in chemical calculations
The dilution equation: M1V1 = M2V2
Where:
M1 = initial molarity (“stock solution”)
V1 = initial volume (Litres)
M2 = final (desired) molarity
V2 = final volume
This equation is used when you have a “stock solution” of higher molarity than you need and you
need to dilute it to a lower molarity by adding additional solvent.
Task 4. Making solutions
a) Making solutions by dilution according to the teacher’s instructions
b) Making solution from solid reagents according to the teacher’s instructions
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Exercise 3 General introduction to titrimetry, acid-base titration, determination of acetic acid
content in canned food samples and sulphuric acid content in industry wastes
Purpose of the exercise: Introduction of classic chemical analysis – titrimetry, used as
environmental measurement technique.
Required knowledge: Ability of using of titration technique.
Titrimetry
Titration, also known as titrimetry, is a common laboratory method of quantitative chemical
analysis that is used to determine the concentration of an identified analyte. Since volume
measurements play a key role in titration, it is also known as volumetric analysis.
Volumetric titrimetry establishes a quantity of analyte using volumes of reagents of known
concentrations and the knowledge of the stoichiometry of the reactions between the
reagents/titrant and the analyte/titrand(s).
Types of titrations:
1. Acid-base titration is based on a neutralization reaction
2. Redox titration is based on oxidation and reduction reactions
3. Precipitation titration is based on a precipitation reaction
4. Complexometric titration (chelatometry) is based on a complexometric process
Acid base titration
Acid-Base titrations are usually used to find the amount of a known acidic or basic substance
through acid base reactions. The analyte (titrand) is the solution with an unknown molarity. The
reagent (titrant) is the solution with a known molarity that will react with the analyte.
At titrations, to observe the end point of the titration indicator is used. Indicator has a strong
colour that changes quickly according to the changing parameter (e.g.: pH of solution).
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Task 1. Determination of acetic acid content in canned food samples
In the food industry, acetic acid is controlled by the food additive code E260 as an acidity
regulator and as a condiment. Acetic acid the main component of vinegar also.
Reaction:

CH3COOH + NaOH = CH3COONa + H2O

Indicator:

phenolphthalein

Material Required:
1. sample solution (e.g. vinegar, canned food sample etc.).
2. 0.1 M NaOH solution.
3. Phenolphthalein indicator.
Apparatus:
a) 10 ml capacity pipette.
b) 100 ml conical/Erlenmeyer flask.
c) 50 ml capacity burette with stand.
Procedure:
1.

Dilute the chosen sample volume to 100 ml. (Use volumetric flask) It is the stock solution.

2.

The stock solution is shaken well.

3.

Pour it into a beaker, and pipette 10.00 ml solution into an Erlenmeyer flask.

4.

Add 3-4 drops of phenolphthalein into the solution

5.

Fill up the burette with 0.1 M NaOH.

6.

Make the titration: add drops of NaOH into the solution is in flask

7.

Continue it when you reach the equivalence/end point

8.

Do it three times and write down the obtained volume:

Note down the V1 and V2 and V3 and then calculate the mean volume: Vmean
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Result calculation:
According to the reaction equation: CH3COOH + NaOH = CH3COONa + H2O
CNaOH x VNaOH = CCH3COOH x VCH3COOH
Task 2. Determination of sulfuric acid content in industry wastes
Sulfuric acid (H2SO4) is widely used in the manufacturing processes of various industries. To
ensure the quality of the goods these industries produce, it is important to be able to determine
accurately the concentration of sulfuric acid at all stages of the process. Note that sulphuric acid is
a strong and harmful inorganic acid therefore handle it carefully.
This is a simple neutralization reaction:

H2SO4 + 2NaOH → Na2SO4 + 2H2O

Indicator:

phenolphthalein

In effect we can safely use the most popular phenolphthalein and titrate to the first visible colour
change.
Material Required:
1. sample contains sulphuric acid.
2. 0.1 M NaOH solution.
3. Phenolphthalein indicator.
Apparatus:
a) 10 ml capacity pipette.
b) 100 ml conical/Erlenmeyer flask.
c) 50 ml capacity burette with stand.
Procedure
1. Pipette aliquot of sulfuric acid solution into 250mL Erlenmeyer flask.
2. Dilute with distilled water to about 100 mL.
3. Add 2-3 drops of phenolphthalein solution.
4. 10 mL of solution titrate with NaOH solution till the first colour change.
5. Do it three times and write down the obtained volumes
6. Calculate the average volume
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Result calculation
According to the reaction equation: H2SO4 + 2NaOH → Na2SO4 + 2H2O
Note: Sulfuric acid reacts with sodium hydroxide on the 1:2 basis. That means number of moles of
sulfuric acid is half that of number of moles of sodium hydroxide used.
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Exercise 4 Determination of water hardiness by complexometric titration
Purpose of the exercise: Usage of classic chemical analysis – titrimetry in water analysis
Required knowledge: Ability of using of titration technique.
General remarks
Water hardness is a measure of the amount of calcium and magnesium salts dissolved in water.
There are no health hazards associated with water hardness, however, hard water causes scale, as
well as the reduced lathering of soaps. Hard water should be not used for washing (it reduces
effectiveness of detergents) nor in water heaters and kitchen appliances like coffee makers (that
can be destroyed by scale). It is also not good for fish tanks. In general, there are many
applications where ability to easily determine water hardness is very important.
Complexometric titration is one of the best ways of measuring total water hardness. At pH around
10 EDTA easily reacts with both calcium and magnesium in the same molar ratio (1:1). Stability
constant of calcium complex is a little bit higher, so calcium reacts first, magnesium later. Thus,
for the end point, we should use the same indicator we use when titrating magnesium - that is
Eriochrome Black T. In the case of water that doesn't contain magnesium at all, to be able to
detect end point we should add small amount of magnesium complex MgEDTA2+. Magnesium
will be displaced by identical amount of calcium, and it will be titrated later, not changing final
result. However, this is a very rare situation.
If solutions contains carbonates, they should be removed as they can interfere with end point
detection. To do so we can acidify the solution with hydrochloric acid, boil it, and then neutralize
with ammonia. Small excess of ammonia doesn't hurt, as we finally add ammonia buffer and
change of pH by several tenths is not a problem.
Reaction
Ca2+ + EDTA4- → CaEDTA2-

and

Mg2+ + EDTA4- → MgEDTA2-
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Sample size
For 0.01 M titrant and assuming 50 mL burette, aliquot taken for titration should contain about
0.35-0.45 millimoles of magnesium and calcium together. Depending on the water hardness we
may use more concentrated or more diluted titrant.
End point detection
As it was explained above, calcium is complexed first, so to detect end point we can use indicator
used for detection of end point of magnesium titration. That means Eriochrome Black T.
Solutions used
To perform titration we will need titrant - 0.01 M EDTA solution and ammonia pH 10.0 buffer.
We will also need indicator - either in the form of solution, or ground with NaCl - 100 mg of
indicator plus 20 g of analytical grade NaCl.
Material Required:
1. Milk sample.
2. 0.1 M NaOH solution.
3. Phenolphthalein indicator.
Apparatus:
a) 50 ml capacity pipette.
b) 250 ml conical/Erlenmeyer flask.
c) 50 ml capacity burette with stand.
Procedure
1. Transfer exactly 50 mL of water to 250 mL Erlenmeyer flask.
2. Acidify the solution with hydrochloric acid.
3. Bring to boil, cool down.
4. Alkalize with ammonia.
5. Filter solution through filter paper.
6. Add 1 ml of pH 10 ammonia buffer.
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7. Add 3 drops of Eriochrome Black T solution or pinch of Eriochrome Black T ground with
NaCl.
8. Titrate with 0.01M EDTA solution till colour changes from violet to blue.
9. Do it three times and write down the obtained volumes
10. Calculate the average volume
Result calculation
As water hardness is usually reported in terms of mg/L of calcium carbonate (even if water
contains both calcium and magnesium), we will use for calculations slightly strange reaction
equation:
CaCO3 + EDTA4- → CaEDTA2- + CO32That allows direct calculation of calcium carbonate mass for known amount of titrant used.
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Exercise 5 Determination of food salt concentration (Mohr’s method)
Purpose of the exercise: Usage of classic chemical analysis – titrimetry in food analysis.
Required knowledge: Ability of using of titration technique.
General remarks
Foods contain varying amounts of salt (NaCl), which has 40% sodium. Determining the sodium
content in foods accurately reduces the health risks associated with it. Salt (NaCl) is present in
many foods such as meats, canned products, dried soups and dairy produce.
Most foods have sodium from dissolved salts, either naturally present or added in cooking or
processing. Table salt known as sodium chloride (NaCl) is the most common source of sodium. It
is made up of 40% sodium and 60% chloride and often used in processed and packaged foods as
flavour enhancer or preservative. Other sources of sodium added in foods are monosodium
glutamate (MSG), sodium nitrite, sodium saccharin, baking soda (sodium bicarbonate), and
sodium benzoate.
As NaCl is soluble in water, the most common way to determine the amount of salt is a titration
with silver nitrate after sample dissolution in water.
For the determination of salt in food products, two applications are proposed depending on the
type of sample (liquid or solid food), and on the sample amount unit (weight for solid food or
volume for liquid food).
Principle
Titrimetric methods based upon silver nitrate are sometimes termed argentometric methods.
The results are expressed as % of sodium chloride or in g/L, depending on the sample type (the
molar weight of NaCl is 58.443 g/mol).
Reaction
The silver nitrate reacts with chloride ion according to:
Ag+ + Cl- → AgCl (white precipitate) NaCl + AgNO3
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End point detection
Potassium-chromate can serve as an end point indicator for the argentometric determination of
chloride, bromide and cyanide ions by reacting with silver ions to form a brick-red silverchromate precipitate in the equivalence point region:
AgNO3 + K2CrO4 = Ag2CrO4 + 2KNO3 (brick-red precipitate)
Material Required:
1. food sample (appr. 5g).
2. 0.1 M AgNO3 solution.
3. Potassium-chromate indicator.
Apparatus:
a) 10 ml capacity pipette.
b) 150 ml conical/Erlenmeyer flask.
c) 50 ml capacity burette with stand.
Procedure
Sample can be: sausage, salami, dried nuts, bakery products
1. Sample is cutted and chopped into small pieces (appr. 5g)
2. Transfer exactly 5g of sample to 150 mL Erlenmayer flask and add 70 ml water to the
sample
3. Put the Erlenmayer flask on waterbath or heater for 30 min., sometimes stir well during
this procedure
4. Then cool down to 20°C
5. After cooling, filter the solution through filter paper and pour into a 100 mL Graduated
cylinder and fill up with distillated water
6. Check the pH of the solution and set up to 7.00 if needed
7. Pour 10 mL solution into an Erlenmayer flask
8. Titrate with 0.1M AgNO3 solution till colour changes from white to red-browish.
9. You have to do the titration 3 times
10. Calculate the average volume
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Result calculation
By knowing the stoichiometry and moles consumed at the end point, the amount of chloride in an
unknown sample can be determined:
Food Salt Content (%) = 1.2 Vaverage

(if the measured weight: 5.00g)
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Exercise 6 Determination of acidity of milky products
Purpose of the exercise: Usage of classic chemical analysis – titrimetry in food analysis.
Required knowledge: Ability of using of titration technique.
Principle
Titrable Acidity of Milk
The titrable acidity test is employed to ascertain if milk is of such a high acidity as to reduce its
keeping quality and heat stability. The acidity of milk is of two kinds.
1. Natural acidity which is due to citrates and phosphates present in the milk and dissolved
CO2 during the process of milking and thereafter.
2. Developed acidity which is due to lactic acid produced by the action of bacteria on lactose
in milk.
Generally, the acidity of milk means the total acidity (Natural + developed) or titrable acidity. It is
determined by titrating a known volume of milk with standard alkali to the point of an indicator
like phenolphthalein. The titrable acidity test measures the amount of alkali which is required to
change the pH of milk from its initial value of about 6-6 to 6.8, to the pH of the colour change of
phenolphthalein added to milk to indicate the end point (pH 8.3). In fact, the method measures the
buffering capacity of milk and not the true acidity.
Material Required:
1. Milk sample (milk, yogurt, kephir).
2. 0.1 M NaOH solution.
3. Phenolphthalein indicator.
Apparatus:
a) 10 ml capacity pipette.
b) 100 ml conical flask.
c) 50 ml capacity burette with stand.
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Procedure:
1. Fill the burette with 0.1 M NaOH solution.
2. Mix the milk sample thoroughly by avoiding incorporation of air.
3. Transfer 10 ml milk with the pipette in conical flask.
5. Add equal quantity of glass distilled water.
6. Add 3-4 drops of phenolphthalein indicator solution* and stir with glass rod.
7. Take the initially reading of the alkali in the burette at the lowest point of meniscus.
8. Rapidly titrate the contents with 0.1 M NaOH solution continue to add alkali drop by the drop
and stirring the content till first definite change to pink colour which remains constant for 20 to 25
seconds.
9. Complete the titration within 30 seconds.
10. Note down the final burette reading.
11. You have to do the titration 3 times
12. Calculate the average volume
* If there is not Phenolphthalein Indicator Solution – you have to make it: Dissolve one gram of
phenolphthalein in 100 ml of 95 % ethyl alcohol. Add 0.1 M sodium hydroxide solution until one
drop gives a faint pink colouration. Dilute with distilled water to 200 ml.
Precaution:
Use fresh 0.1 M NaOH solution.
Calculation:
Acidity is expressed as percent lactic acid. Since 1 ml of 0.1 N lactic acid contains 0.009 grams of
lactic acid, the number of ml. of 0.1 N NaOH required to neutralize the lactic acid in the sample,
multiplied by 0.009 will give the amount of lactic acid (grams) in the sample, when the result is
divided by weight of milk sample and multiplied by 100 the percent lactic acid will be obtained.
No of ml. of 0.1 M NaOH solutions
required for neutralization

x 0.009

% Lactic acid = ---------------------------------------------------------------------- x 100
Weight of sample
(Weight of sample = Volume of milk x specific gravity)
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Exercise 7 Environmental analysis: Sampling methods, soil sampling
Purpose of the exercise: Presentation of different sampling techniques and collecting soil samples
Required knowledge: Usage of sampling schemes.
Definition:
Soil pollution is defined as the change in physical, chemical and biological conditions of the soil
through man’s intervention resulting in the degradation in quality and productivity of the soil.
In other words, soil pollution is defined as the presence of toxic chemicals (pollutants or
contaminants) in soil, in high enough concentrations to pose a risk to human health and/or the
ecosystem. In the case of contaminants which occur naturally in soil, even when their levels are
not high enough to pose a risk, soil pollution is still said to occur if the levels of the contaminants
in soil exceed the levels that should naturally be present.
Main considerations:
Aims of the soil examination:
1. To explore physical and chemical properties of soil
2. To get information about contaminants forms and their amounts in the soil
3. To get information about nutrients (for agricultural purposes)
Steps of soil examination:
1. Soil sampling
2. Pretreatment
3. Measuring
4.

Interpretation of results

Consider each of the followings before collecting a soil sample:
1. field area (acreage) per sample,
2. sampling procedure,
3. sample depth,
4. when to sample,
5. sampling tools,
6. information form,
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Soil analysis procedure
1. Sampling
The first step is to determine the number of samples needed per field.
It depends on:
1. Soil pollution
2. Variability within the field
You should consider:
1. soil types and textures,
2. slopes, relief (macro and micro)
3. Movements of contamination(s)
4. degree of erosion
Sampling procedure
The samples should be collected in such a way as to best meet that goal. The sampling pattern
should be set to best characterize the variability within the field. Systematic sampling scheme is
needed. Samples collected randomly, in a grid pattern, zigzag and diagonal scheme. Take several
samples from various locations of the area to be examined and mix them.
The samples can be taken with a spade, soil drills or augers with different head construction are
required for examining the deeper layers of soil. Prior to the analysis, remove all untypical parts
such as stones, parts of plant residues and other items (glass, metal, pieces of plastic etc.).
1. Sampling depth should be determined to represent the distribution of pollutants
2. Soil structure
3. Behaviour of pollutants (physical and chemical)
4. Other environmental phases
Don’t make soil sampling:
1. Winter (frozen soil)
2. After rainfall or long dry period
3. After fertilization (100 days) after plant protection applications (waiting time depends on
the properties of the applied pesticide)
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4. Edge of field (20 m)
5. Site of hay stack, manure store place etc.
Task 1. Soil sample collecting and pretreatment for analysis
Working procedure:
1. Collect soil samples with an auger or spade from the topsoil (0-20cm) (approximately
500g) to further examination.
2. Transport the sample to the lab
3. Spread it on a tray
4. Remove the visible inert, untypical parts such as stones, plant residues and other items by
hand or forceps
5. Crumb the sample by hand into small pieces
6. Homogenize the sample with spatula thoroughly to avoid the effect of heterogeneity
7. Screen the non-dried soil sample
8. Storage it in plastic box with open lid or bag for further examinations
Task 2. Weighing and determination of soil moisture content
1. Switch on the balance
2. Place beaker on the balance pan
3. Tare to zero
4. Weigh the required quantity of soil (200g) with the aid of the plastic spatula
5. Then spread the sample evenly over one of the cardboard sheet
6. Dry the sample in a well-ventilated room at room temperature for 24 hours
7. After drying, pour the soil sample back into the tared measuring beaker and establish its
weight
8. Calculate the moisture content of the soil
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weight of moist soil (g) – weight of dry soil (g) x 100 = soil moisture %
weight of moist soil (g)
Task 3. Preparation of the soil extract Calcium-chloride
0.01M CaCl2 is used to analyse pH value, ammonium, nitrite and nitrate content of soil. Soil
extract is produced from the non-dried soil sample.
1.

Weigh 100 g of the soil sample into a beaker

2.

Add 100 ml of CaCl2 extraction solution to the sample

3.

Stir vigorously with spatula for 2 min, leave to stand for 15 min, while stirring again several
times during this period or use lab shaker for 15 min after it don’t shake the extract

4.

Place a funnel on a 100 ml measuring cylinder, insert a folded filter

5.

Pour the suspension into the folded filter

6.

If the filtrate is too cloudy at the beginning of filtration pour it back into the filter

7.

Use clear or slightly turbid supernatant for analysis

Mobile test methods for soil analysis
Principle
In this exercise, portable methods are used for rapid, convenient and reliable soil analysis, both in
the lab or in the field. In addition to the variation for colourimetric evaluation, the test methods are
also available with the compact photometer. Prior to the analysis, the components of the soil
sample must be converted into an aqueous form by extraction with calcium chloride solution or
calcium-acetate-lactate/ammonium-acetate-lactate so called AL solution (Hungarian standard
method for soil analysis).
The measurements are carried out either with colourimetric rapid tests or with easy to use test trips
or photometric way with photometer.
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Task 4. Sieving the soil sample
Prior to the preparation of the soil extracts and the determination the soil density the sample is
screened. The mesh width is 2 mm. This means that all particles larger than 2 mm are removed
from the sample. Analytical values from screened samples provide improved comparability as the
accuracy and precision of the individual examination are increased.
1. Place the air-dry sample on the sieve
2. Screen the soil onto a clean cardboard sheet
3. Discard the material retained by the sieve
4. Screened soil is used to prepare the soil extracts
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Exercise 8 Determination of soil density, pH, nitrate, nitrite and ammonium content
Purpose of the exercise: Determination of soil pH, nitrate, nitrite and ammonium content using by
rapid test methods.
Required knowledge: Ability of using of test methods.
Task 1. Determination of the soil density
Soils consist of grains of varying sizes and shapes. The specific weights of the constituent parts
and the pore volume result in the soil density (g/ml). Determine the soil density on the basis of the
air-dry, screened soils.
Procedure:
1. Place the cylinder onto the balance and write down its weight
2. Take the cylinder off the balance and fill with sieved soil using spatula until 100 mL mark
is reached
3. Place measuring cylinder on the balance and read weight
Calculation:
D [g/ml] = W [g/] / V [ml]
where: D-soil density; W-soil weight, V-volume
Task 2. Determination of the pH value
The pH value is determined in CaCl2 soil extract using colourimetry or pH indicator strips.
Procedure
Use the colour stripe (pH 4-10) and apply comparator block.
1. Fill both measuring tubes (glasses) up to the ring mark (5ml) with soil extract and place
them in the comparator block (if the soil extract is colourless you can fill up the reference
tube with distillated water).
2. Place the reference tube on position A in the comparator block.
3. Add 4 drops of pH 4-10 solution, close and mix.
4. Look through the tubes from above, compare the colours of the two tubes and move the
colour stripe until the colours match.
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5. Read off the result from the marking on the upper side of the comparator block.
6. Intermediate values can be estimated.
7. After use, rinse both tubes thoroughly and close.
8. Measurement is also carried out by using pH strips.
Task 2. Determination of nitrate content
The soil nitrate concentration is determined in CaCl2 soil extract.
Procedure
1. Fill both measuring tubes (glasses) up to the ring mark (5ml) with soil extract and place
them in the comparator block (if the soil extract is colourless you can fill up the reference
tube with distillated water).
2. Place the reference tube on position A in the comparator block.
3. Add 5 drops of NO3-1 reagent solution, seal and mix.
4. Add 1 level measuring spoonful of NO3-2 reagent powder, seal the tube and immediately
shake the mixture well for 1 min.
5. Open the tube after 5 min and place it on position B in the comparator block.
6. Look through the tubes from above, compare the colours of the two tubes and slide the
colour stripe until the colours match.
7. Read off the result from the marking on the upper side of the comparator block.
8. Intermediate values can be estimated.
9. After use, rinse both tubes thoroughly and close.
Measurement is also carried out by using nitrate strips:
1. Dip the test strip in the soil extract for approx. 1 s.
2. After 60 sec. compare the test stripe to the colour scale (on the side of the container tube)
3. Read off the value
Measurement is also carried out by using photometer for photometric evaluation
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Task 3. Determination of ammonium content
The soil ammonium concentration is determined in CaCl2 soil extract.
Procedure
1. Fill both measuring tubes (glasses) up to the ring mark (5ml) with soil extract and place
them in the comparator block (if the soil extract is colourless you can fill up the reference
tube with distillated water).
2. Place the reference tube on position A in the comparator block.
3. Add 10 drops of NH4-1 reagent solution, close and mix carefully.
4. Add 1 level measuring spoonful of NH4-2 solid regent and shake the mixture thoroughly
until the powder has dissolved.
5. Wait for 5 min.
6. Add 4 drops of NH4-3 reagent solution, seal the tube and mix.
7. Open the tube after 7 min and place it on the position B in the comparator block.
8. Look through the tubes from above, compare the colours of the two tubes and move the
colour stripe until the colours match.
9. Read off the result from the marking on the upper side of the comparator block.
10. Intermediate values can be estimated.
11. After use, rinse both tubes thoroughly and close.
Measurement is also carried out by using nitrate strips:
1. Dip the test strip in the soil extract for approx. 1 s.
2. After 60 sec. compare the test stripe to the colour scale (on the side of the container tube)
3. Read off the value
Measurement is also carried out by using photometer for photometric evaluation.
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Exercise 9 Determination of soil carbonate and phosphorus and potassium content
Purpose of the exercise: Determination of soil carbonate and phosphorus and potassium content
using by rapid test methods.
Required knowledge: Ability of using of test methods.
Task 1. Determination of soil carbonate content
The traditional measurement of the carbonate content of soils with the Scheibler apparatus is slow
and labor intensive. In lab a rapid but lesser accurate method is used to determine soil carbonate
content.
Principle
The determination of carbonate is based on the following chemical reaction:
CaCO3 + 2H+ = Ca2+ + CO2 + H2O
Different inorganic acids (mostly sulphuric or chloric acid) are used. Carbon dioxide will be
released during the reaction and expressed as bubbles. Whether the bubbling is weak or vigorous
depends on the quantity and particle size of soil tested.
During the application of the acid into the soil sample a characteristical foaming is
observed, evidence of carbon dioxide’s liberation and the existence of carbonate salts
consequently.
Reagent
Chloric acid with 10% acidity
Instruments
 Eyedropper (10% HCl)
 Petri dish
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1. Put some, approx. 1 g soil into the Petri dish
2. Add HCl to the soil sample in increments of ten drops at a time
3. Stir the mixture thoroughly, and record the number of drops added.
4. When the vigorous bubbles become weak after stirring stop adding another ten drops of
acid and let the mixture stand for five minutes.
5. Add ten more drops, stir the mixture, and wait for one minute
6. If there are only a few bubbles released, stop and sum the number of drops used; if there
are still a lot of bubbles, perform steps 4, 5, and 6 again
Results can be calculated as follows:
Presence of carbonates

Phenomenon

< 1% non calcareous

no bubbles

1 - 5 % slightly calcified

small amount of bubbles

5 - 20 % moderately calcified

some bubbles

20 - 30 % strongly calcified

intensive fizzing

> 30 % very highly calcified

very intensive fizzing

Task 2. Preparation of soil extract calcium-lactate (CAL)
0.05 M CAL solution is used to analyse phosphorus and potassium. Soil extract is produced from
the non-dried soil sample.
1. Weigh 10 g of the air-driedsoil sample into a beaker
2. Add 200 ml of CAL extraction solution to the sample
3. Stir vigorously with spatula for 5 min, leave to stand for 15 min, while stirring again
several times during this period or use lab shaker for 15 min after it don’t shake the
extract
4. Place a funnel on a 100 ml measuring cylinder, insert a folded filter
5. Pour the suspension into the folded filter
6. If the filtrate is too cloudy at the beginning of filtration pour it back into the filter
7. Use clear or slightly turbid supernatant for analysis (a slightly yellow inherent colour of
soil extract will not affect the following analysis
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Task 3. Determination of soil phosphorous
The soil phosphorous concentration is determined in CAL soil extract.
Procedure
1. Fill both measuring tubes (glasses) up to the ring mark (5ml) with soil extract and place
them in the comparator block (if the soil extract is colourless you can fill up the reference
tube with distillated water).
2. Add 5 drops of PO4-1reagent solution, close and mix.
3. Add 5 drops of PO4-1reagent solution, close and mix.
4. Wait 10 min to the colouring processes are occured
5. Look through the tubes from above, compare the colours of the two tubes and move the
colour stripe until the colours match.
6. Read off the result from the marking on the upper side of the comparator block.
7. Intermediate values can be estimated.
8. After use, rinse both tubes thoroughly and close.
Task 4. Determination of soil potassium
Potassium is analysed nephelometrically i.e. the turbidity caused by the potassium is measured.
the turbidity measurement can be done by visual determining method using a special test
(measuring) tube (see below).
Procedure
1. Fill a long test (sample) tube (20 ml) with soil CAL extract up to the ring mark (17 ml)
2. Add 15 drops of K-1 reagent solution to the sample tube and mix thoroughly
3. Add a flat measuring spoonful of K-2 reagent powder to the sample tube and shake, not too
vigorously for approx. 30 sec (no reagent residues should be visible at the bottom of the
sample tube after shaking)
4. Pour the liquid from the sample tube into the potassium measuring tube until the black
cross at the bottom of the measuring tube becomes invisible (when looking into the tube
from above)
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5. Read the potassium content from the scale of the measuring tube (meniscus bottom edge)
(see below)

Picture 1. Measuring method of potassium content in CAL extract
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Exercise 10 Waste analysis: pretreatment: extraction methods
Purpose of the exercise: Presentation of pretreatment methods of waste analysis.
Required knowledge: Usage of extraction techniques.
General remarks
Waste Analysis involves identifying, quantifying, eliminating and preventing wastes. Waste takes
many forms and can be found at any time and in any place.
Waste sampling
Depending on the needs of the client analysis of waste may have different objectives. For instance,
waste producers want to know what kind of recovery/disposal is possible, managers of waste
treatment plants need to know if they can accept and will be able to treat the waste and authorities
are interested in the environmental effects related to a particular waste. The different needs of the
concerned actors lead to different testing programmes in which sample taking is required. The
strategy of sampling and analysis has to be planned in advance very carefully in order to avoid
useless efforts and unnecessary costs. The correct procedure of sampling is very important to get a
representative sample of the specific waste subject to testing.
To obtain reliable analysis results which are representative for a bigger waste amount, the correct
sampling methods are important.
A representative sample of a specific waste is important to ensure the reliability of analysis results
obtained, which is the decision basis for the subsequent choice of waste management operations
and handling (e.g. specific additional requirements for hazardous waste).
Important parameters to describe waste properties:
pH of the eluate, conductivity, melting point, calorific value), inorganics compounds (e.g.
Cyanide, Ammonium, Nitrite), metals (Cu, Zn, Fe), organics sum parameters/individual/group
parameters (e.g. TOC; Extractable Organic Halogens, EOX; Adsorbable Organic Halogens, AOX;
Polycyclic Aromatic Hydrocarbons, PAH; Polychlorinated Biphenyls, PCB), biological
degradability, etc.
Further, basic waste characterization and typical parameters for the purpose of routine waste
material control are presented, including quality assurance issues.
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The first step when samples arrive to the laboratory to drying samples for the analysis done from
dry matter. The presentation continues with the introduction of parameters to be determined from
the dried matter such as ignition loss, heavy metals, and total content of P, K, Mg, N.
Further, parameters to be determined from the fresh matter are introduced as well, such as density,
pH and salinity, plant available nutrients and compatibility.
In the laboratory pretreated, reused and municipal waste are examined.
Choose waste sample from the earlier collected and presented samples: granulated PP, PE, HDPE,
PS, ABS, tyre and municipal waste.
Task 1. Determination of the distribution of particle size of the waste sample
1. Weigh 100 g of air dry waste sample into a beaker (500 ml)
2. Pour the weighted sample into the sizing screen (set up it according to the teacher’
instructions)
3. Screen the sample for 3 min. and remove the particles from the actual sieve and put them
in a beaker
4. Measure the weight of screened samples
5. Calculate the particle size distribution
Task 2. Determination of the waste density
Wastes consist of grains and pieces of varying sizes and shapes. The specific weights of the
constituent parts and the pore volume result in the waste density (g/ml). Determine the waste
density on the basis of the air-dry wastes.
Procedure:
1. Place the cylinder onto the balance and write down its weight
2. Take the cylinder off the balance and fill with waste using spatula until 100 mL mark is
reached
3. Place measuring cylinder on the balance and read weight
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Calculation:
D [g/ml] = W [g/] / V [ml]
where: D-waste density; W-waste weight, V-waste volume
Task 3. Prepare waste extracts
For further analysis, you need different waste solutions to determine different important waste
parameters. Therefore, you have to make three kinds of extracts like: water, ammonium-acetate
and nitric acid extracts.
Preparation of water extract:
1. Measure 10 g waste sample into a beaker and pour 100 ml distillated water into the baker
2. Put it on a lab shaker and shaking for 1 hour at 100 rev/min
3. Filter solution through folded filter paper into a graduated cylinder
4. For further analysis, storage the extract in lab refrigerator at 4˚C
Preparation of ammonium-acetate extract:
1. Measure 10 g waste sample into a beaker and pour 100 ml 0.2 M ammonium-acetate into
the baker
2. Put it on a lab shaker and shaking for 1 hour at 100 rev/min
3. Filter solution through folded filter paper into a graduated cylinder
4. For further analysis, storage the extract in lab refrigerator at 4˚C
Preparation of nitric acid extract:
1. Measure 10 g waste sample into a beaker and pour 100 ml 2M HNO3 into the baker
2. Put it on a lab shaker and shaking for 1 hour at 100 rev/min
3. Filter solution through folded filter paper into a graduated cylinder
4. For further analysis, storage the extract in lab refrigerator at 4˚C
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Exercise 11 Determination of waste pH, nitrate, phosphate and metals content
Purpose of the exercise: Determination of waste pH, nitrate, phosphate and metals content using
by spectrophotometric method.
Required knowledge: Ability of using of spectrophotometer and rapid tests.
Task 1. Determination of waste pH in water extract
Procedure
Use the colourful stripe (pH 4-10) and apply comparator block.
1. Fill both measuring tubes (glasses) up to the ring mark (5ml) with soil extract and place
them in the comparator block (fill up the reference tube (A) with waste extract).
2. Add 4 drops of pH 4-10 solution to B test tube, close and mix.
3. Look through the tubes from above, compare the colours of the two tubes and move the
colour stripe until the colours match.
4. Read off the result from the marking on the upper side of the comparator block.
5. Intermediate values can be estimated.
6. After use, rinse both tubes thoroughly and close.
7. Measurement is also carried out by using pH strips.
Task 2. Determination of waste nitrate content in water extract
Procedure
1. Fill both measuring tubes (glasses) up to the ring mark (5ml) with waste extract and place
them in the comparator block.
2. Place the reference tube on position A in the comparator block.
3. Add 5 drops of NO3-1 reagent solution, seal and mix.
4. Add 1 level measuring spoonful of NO3-2 reagent powder, seal the tube and immediately
shake the mixture well for 1 min.
5. Open the tube after 5 min and place it on position B in the comparator block.
6. Look through the tubes from above, compare the colours of the two tubes and slide the
colour stripe until the colours match.
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7. Read off the result from the marking on the upper side of the comparator block.
8. Intermediate values can be estimated.
9. After use, rinse both tubes thoroughly and close.
Note: Measurement is also carried out by using photometer for photometric evaluation.
Task 3. Determination of waste phosphorous content in ammonium-acetate extract
Procedure
1. Fill both measuring tubes (glasses) up to the ring mark (5ml) with soil extract and place
them in the comparator block
2. Add 5 drops of PO4-1reagent solution, close and mix.
3. Add 5 drops of PO4-1reagent solution, close and mix.
4. Wait 10 min to the colouring processes are occurred.
5. Look through the tubes from above, compare the colours of the two tubes and move the
colour stripe until the colours match.
6. Read off the result from the marking on the upper side of the comparator block.
7. Intermediate values can be estimated.
8. After use, rinse both tubes thoroughly and close.
Task 4. Determination of waste potassium content in ammonium-acetate extract
Principle
Potassium is analysed nephelometrically i.e. the turbidity caused by the potassium is measured.
the turbidity measurement can be done by visual determining method using a special test
(measuring) tube (see below).
Procedure
1. Fill a long test (sample) tube (20 ml) with soil CAL extract up to the ring mark (17 ml)
2. Add 15 drops of K-1 reagent solution to the sample tube and mix thoroughly

36

3. Add a flat measuring spoonful of K-2 reagent powder to the sample tube and shake, not too
vigorously for approx. 30 sec (no reagent residues should be visible at the bottom of the
sample tube after shaking)
4. Pour the liquid from the sample tube into the potassium measuring tube until the black
cross at the bottom of the measuring tube becomes invisible (when looking into the tube
from above)
5. Read the potassium content from the scale of the measuring tube (meniscus bottom edge)
(see below)

Picture 1. Measuring method of potassium content in waste extract

Task 5. Determination of waste iron content in nitric acid extract
Principle: Triazine method: iron(II) ions react with a triazine derivative to form a violet complex.
Iron(III) ions are reduced and thus also determined.
Wastes often contain some iron. It can be present as Fe(II) or Fe(III) ions as well. Colorimetric
test method only determines iron which is present in dissolved form as Fe2+ or Fe3+ ions.
Moreover, iron is often present in the form of different complex salts. Iron complexes are not
covered unless they are decomposed by oxidation with nitric acid and sulphuric acid.
Interferences: Copper (II) and Nickel (II) ions present in excess of 0.3 mg/l lead to reduced
findings.
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Procedure
Colouring process:
1. Pour a 5 ml waste extract into the measuring tubes
2. Add 4 drops of Fe-1 reagent solution into the measuring tube, seal the tube and mix
3. Add 1 level measuring spoon full of Fe-2 reagent powder seal the tube and shake the
mixture thoroughly until the powder has dissolved.
4. Open the tube after 7 min. and place it in the photometer
Photometric method:
1. Pour clear extract into a cuvette*
2. Choose the right measuring wavelength and place the cuvette in the measuring hole
3. Push the zero button (measuring the zero absorbance)
4. Pour the sample into an another cuvette
5. Place the cuvette in the measuring hole
6. Read off the result from the display
*cuvette- fundamentally a test tube designed for use with optical analysis

Task 6. Determination of waste copper content in nitric acid extract
Principle: In weakly alkaline medium copper(II) ions react with cuprizone forming a blue colour
complex. In waste acid extract copper(II) can be found in dissolved form. Copper(I) compounds
are not determined unless they are decomposed with concentrated nitric acid prior to the test.
Interferences: Iron (II), Chromium (VI), Manganese (II) and Nickel (II) ions disrupt tests if they
are present in concentrations in excess of 10 mg/l.
Procedure
Colouring process:
1. Pour a 5 ml waste extract into the measuring tubes
2. Place the measuring tube on position A in the comparator block
3. Add 5 drops of Cu-1 reagent solution into the measuring tube, seal the tube and mix
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4. Add 5 drops of Cu-2 reagent solution into the measuring tube, seal the tube and mix
5. Open the tube after 10 min. and place it place it in the photometer
Photometric method:
1. Pour clear extract into a cuvette*
2. Choose the right measuring wavelength and place the cuvette in the measuring hole
3. Push the zero button (measuring the zero absorbance)
4. Pour the sample into an another cuvette
5. Place the cuvette in the measuring hole
6. Read off the result from the display
*cuvette- fundamentally a test tube designed for use with optical analysis
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Exercise 12 Determination of chlorophyll content by non-destructive and destructive method
Purpose of the exercise: Determination of chlorophyll content by non-destructive SPAD and
destructive photometric method.
Required knowledge: Ability of pigment extraction from plant samples.
Task 1. Determination of relative chlorophyll content (greenness) in plant leaves by nondestructive SPAD method
Determination of chlorophyll contents often requires destructives analysis and involves lengthy
procedures while measurement on photosynthetic rate requires specialized equipment that often
limits extensive in-field application. SPAD chlorophyll meter gives indirect measurement of leaf
chlorophyll contents in a rapid, non-destructive and convenient manner. The use of SPAD meter
for each individual plant species require calibration curve for each individual plant species, as the
accuracy of the estimation are highly affected by the leaf anatomical characteristics.
Plants photosynthetic rate and chlorophyll contents are major factors influencing plant growth and
nutritional responses towards experimental inputs. The determination of chlorophyll contents from
leaves with chemical solvents is laborious and requires lengthy procedures. In addition, field
measurement of photosynthetic rate requires specialized equipment which is tedious to operate
and often with limited access in developing countries.
SPAD meter which was originally developed in Japan for nitrogen management in rice (Oryza
sativa) production is now commonly used for rapid and non-destructive estimation of foliar
chlorophyll concentrations. SPAD-502, the latest model measures the relative greenness of leaves
in a rapid manner. The device quantifies the relative amount of chlorophyll present in leaf by
measuring the leaf transmittance in two wave bands (400-500 nm and 600-700 nm) and reports the
readings in arbitrary unit (SPAD-502 Chlorophyll Index, SCI) that is proportional to the leaf
chlorophyll concentration.
Leaf chlorophyll content are often well correlated with photosynthetic activity and leaf N status.
Due to the excellent correlation of SPAD-502 readings with chlorophyll content and N status of
crops and rapid results readiness the SPAD meter is now widely accepted in the agronomy
industry.
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Measurements are taken by simply inserting a leaf and closing the measuring head. It is not
necessary to cut the leaf, so the same leaf can be measured throughout the growing process.

Picture 1. Design of SPAD-502 meter
Task 2. Determination of chlorophyll content in plant leaves by destructive photometric
method
Procedure
1. In a mortar, 0.2 g of fresh plant material was placed and smashed with 1-2 ml of 80%
acetone, quartz sand and MgCO3 to get a pulp, then add further 8 ml 80% acetone to the
sample (mixed for 1 min stirring, ensuring complete contact of the plant material - The
whole process was carried out in a place with low luminosity. The plant remains get
colourless).
2. Pour the extract in a 10 mL centrifuge tube, then the sample was left to stand for 30 min in
the freezer in the dark, and centrifuged for 3 min at 3000 rpm.
3. Complete the extract volume to 20 ml with acetone, seal and mix it thoroughly.
4. The control is 80% acetone. Pour it into the cuvette and put it in the measuring hole.
Push the zero button to establish the zero absorbance. The spectrophotometer was adjusted to zero
using the acetone only.

41

5. Pour the chlorophyll extract into the cuvette and measure the absorbance at 644 nm and
663 nm.
6.
7. They were covered with aluminium foil and 5 mL of acetone/ethanol (2:1 v/v) was added
and stirred for 1 min.
8. Absorbance readings were performed at wavelengths of 663 nm and 644 nm.
Chlorophyll a (μg/g) = (12.7 * A663) - (2.59 * A644)
Chlorophyll b (μg/g) = (22.9 * A644) - (4.7 * A663)
Chlorophyll total (μg/g) = (8.2 * A663) + (20.2 * A644) * V/w
where:
 A663 and A645 are the absorbance measured at 663 nm and 645 nm, respectively.
 V is the volume of the plant tissue (ml)
 w is the fresh weight of the plant sample (g)
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Exercise 13 Measurement of soluble solids content of fruits
Purpose of the exercise: Determination of the soluble solids content in fruit samples.
Required knowledge: Ability of the usage of refractometer.
Principle
Sugars are the major soluble solids in fruit juice. Other soluble materials include organic and
amino acids, soluble pectins, etc. Soluble solids concentration (SSC%, Brix) can be determined in
a small sample of fruit juice using a portable hand held refractometer. The refractometer has been
proposed as a rapid, inexpensive technique for determining sugar levels in fruit juice. This
instrument measures the refractive index, which indicates how much a light beam is "bent" when
it passes through the fruit juice.
Degrees Brix (symbol °Bx) is the sugar content of an aqueous solution. One degree Brix is 1 gram
of sucrose in 100 grams of solution and represents the strength of the solution as percentage by
mass. If the solution contains dissolved solids other than pure sucrose, then the °Bx only
approximates the dissolved solid content. The °Bx is traditionally used in the wine, sugar,
carbonated beverage, fruit juice, maple syrup and honey industries.
Interference
Temperature of the juice is a very important factor in the accuracy of reading. All materials
expand when heated and become less dense. For a sugar solution, the change is about 0.5% sugar
for every 10°F. Good quality refractometers have a temperature compensation capability.
Materials
 0-32% Brix temperature compensating refractometer,
 distilled water,
 Kimwipes,
 5 or 10% sugar solution.
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Task 1. Measurement of Soluble Solids Content of fruits or stum
Sample pretreatment
1. peel the fruit sample (apple, pear, grape, etc.)
2. cut the sample into small pieces
3. put the pieces into a fruit juicer
4. filtrate the fruit juice to get clear juice (use folded filter paper)
Refractometer maintenance and calibration
1. Clean the instrument after each use with distilled water. Dry with a soft tissue (Kimwipe).
2. Calibrate with a drop of distilled water. Adjust reading to 0 °Brix if necessary with the
small set-screw on the back (see Picture 1.). Verify accuracy with a drop of 5 or 10%
sucrose solution (5 g sugar in 100 ml of distilled water or 10 g sugar in 100 ml of distilled
water ).
3. Do not submerge the refractometer when cleaning. If water gets into the instrument it will
need to be sent out for repair and resealing.

Picture 1. Structure of hand held refractometer
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Procedure
1. Extract clear juice from fruit to be sampled. Filtered supernatant juice was used for
determination of SSC.
Sugar levels often vary within the fruit, being higher at the stem-end and lower at the calyx-end.
For this reason, it is important to use longitudinal slices of fruit (from end to end) when sampling.
2. Place a drop of juice on refractometer prism.
3. Lower cover plate and read with 3 repetitions for each sample
Interference: In juice samples with a high starch content, like unripe kiwi, it may be difficult to
read the refractometer because the starch settles out on the prism. To remedy this, put your thumb
on the cover plate, turn the refractometer upside down, and re-read. This way the starch settles out
on the cover plate and does not blur the reading.
4. Rinse prism between samples with distilled water and dry with a soft, lint-free tissue
(Kimwipe).
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Exercise 14 Determination of phenol contaminants in water by thin layer chromatography
Purpose of the exercise: Determination of different phenol contaminants in water samples by thin
layer chromatography.
Required knowledge: Ability of the using of thin layer chromatography.
Principle
Thin-layer chromatography (TLC) is a very commonly used technique in synthetic chemistry for
identifying compounds, determining their purity and following the progress of a reaction. TLC is
also used as measuring technique in environmental analysis. It also permits the optimization of the
solvent system for a given separation problem. In comparison with column chromatography, it
only requires small quantities of the compound (ng) and is much faster as well.
Stationary Phase
As stationary phase, a special finely ground matrix (silica gel, alumina, or similar material) is
coated on a glass plate, a metal or a plastic film as a thin layer (0.25 mm). In addition, a binder
like gypsum is mixed into the stationary phase to make it stick better to the slide. In many cases, a
fluorescent powder is mixed into the stationary phase to simplify the visualization later on (e.g.
bright green when you expose it to 254 nm UV light).
Solvent (Mobile Phase)
Proper solvent selection is perhaps the most important aspect of TLC, and determining the best
solvent may require a degree of trial and error. As with plate selection, keep in mind the chemical
properties of the analytes. The applied mobile phase is depended on the properties of the mixture
separated. How fast the compounds travel up the plate depends on two things:


If the compound is soluble in the solvent, it will travel further up the TLC plate



How well the compound likes the stationary phase. If the compound likes the stationary
phase, it will stick to it, which will cause it to not move very far on the chromatogram.
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Task 1. Determination of different phenols in industrial water sample by TLC
1. Preparing the Plate
Do not touch the TLC plate on the side with the white surface. In order to obtain an imaginary
start line, make two notches on each side of the TLC plate. You can also draw a thin line with
pencil. Do not use pen. The start line should be 0.5-1 cm from the bottom of the plate (see Picture
1. below).

Picture 1. Thin layer chromatography plate
2. Spotting the plate
Use capillary spotters to get up the sample and the standards on the plate.
The thin end of the spotter is placed in the dilute solution; the solution will rise up in the capillary
(capillary forces). Touch the plate briefly at the start line. Allow the solvent to evaporate and spot
at the same place again. This way you will get a concentrated and small spot. Try to avoid spotting
too much material, because this will deteriorate the quality of the separation considerably
(‘tailing’). The spots should be far enough away from the edges and from each other as well (see
Picture 2. below). If possible, you should spot the compound or mixture together with the starting
materials and possible intermediates on the plate. They will serve as internal reference since every
TLC plate is slightly different.
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Spotting the following substances on the start line of the TLC plate:
 Floroglucinol (1,3,5-trihydroxybenzene)
 Resorcinol (or resorcin) (m-dihydroxybenzene)
 1-Naphthol, or α-naphthol
 Unknown sample

Picture 2. Spotting the plate
3. Developing a Plate
A TLC plate can be developed in a beaker or closed jar (see Picture 3. below). Place a small
amount of solvent (= mobile phase) in the container. The solvent level has to be below the starting
line of the TLC, otherwise the spots will dissolve away. The lower edge of the plate is then dipped
in a solvent. The solvent (eluent) travels up the matrix by capillarity, moving the components of
the samples at various rates because of their different degrees of interaction with the matrix
(=stationary phase) and solubility in the developing solvent. Non-polar solvents will force nonpolar compounds to the top of the plate, because the compounds dissolve well and do not interact
with the polar stationary phase. Allow the solvent to travel up the plate until approx. 1 cm from
the top. Take the plate out and mark the solvent front immediately. Do not allow the solvent to run
over the edge of the plate. Next, let the solvent evaporate completely.
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Picture 3. Developing a TLC plate
4. Analysis
The components, visible as separated spots, are identified by comparing the distances they have
travelled with those of the known reference materials.
In several cases, the spots are not visible, therefore you have to dry (e.g. hair dryer) and make
them colourising. Use 1% Fast Blue B salt solution to develop the spots.
Measure the distance of the start line to the solvent front (=d). Then measure the distance of center
of the spot to the start line (=a). Divide the distance the solvent moved by the distance the
individual spot moved. The resulting ratio is called retention factor Rf-value. The value should be
between 0.0 (spot did not moved from starting line) and 1.0 (spot moved with solvent front) and is
unit-less.
The retention factor formula is:

The Rf (=retardation factor) depends on the following parameters:
 solvent system
 absorbent (grain size, water content, thickness)
 amount of material spotted
 temperature
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Picture 4. Analysis of the plate
Analyze the TLC plate according to the developed spots by the Rf values.
Rf
Floroglucinol
Resorcinol
1-Naphthol
Water sample
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