
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

University of Valencia 

Department of Inorganic Chemistry  

General Chemistry Practicals 

Degree in NHD, CTA and  CG 

2022-23 

 
 
 
 
 
 

 





1  

 

General introduction and rules for General Chemistry practicals 

Introduction 
 

1. Attendance is compulsory at all General Chemistry practicals. Students who do not attend will fail 
the laboratory component of the General Chemistry course. 

 
2. Students should not switch from one group or subgroup to another. 

 
3. Students must bring a laboratory notebook to write down their data, observations and 

calculations, etc. from the experiments. Loose sheets of paper must not be used to write down 

this information. All students must therefore bring their laboratory notebook when 

conducting the assigned experiments. 

 
4. Students must be punctual. Those who are not punctual will not be allowed to attend the 

practice session. 

 
5. To be able to attend the practical sessions, students must bring their handout for the 

session as well as their notebook, safety glasses and lab coat. 

 

Evaluation 
 

Students will be given the contents of each practical session well in advance and must 

prepare for the session before it begins by focusing on its objectives, development, 

calculations, and materials, etc. This preparation work will be graded via an examination at the 

beginning of the session. 

 
At the end of the course, all students will take a written exam in which they will answer 

questions directly related to the practicals they have attended. 



2 

The following aspects will be taken into account for the global evaluation of the student’s work: 
 

a) Their degree of preparation for the practical sessions (exams). 
 

b) Their work in the laboratory. 
 

c) Their final written exam. 
 

This global evaluation will account for 15% of the student's final grade for the course provided 

they achieve a minimum score of 5. 

 

General Instructions 
 

Students must take care with all the equipment they are provided and ensure that it is 

working properly. The teachers in charge of the session must be informed of any missing or 

broken equipment so that it can be replaced. At the end of the practical session, the 

equipment on the laboratory bench must be the same as it was at the beginning. 

 
All work conducted in the laboratory requires the equipment and laboratory bench to be 

scrupulously clean. The equipment should be cleaned before use and immediately after each 

operation. At the end of the session, students must clean their workplace before leaving the 

laboratory. 

 

PERSONAL RULES 

1. While they are in the laboratory, students must wear safety glasses and a lab coat. 

Contact lenses can be dangerous. Gloves must be worn when handling caustic products. 

2. Long hair should be tied up. 

3. Backpacks, coats, and bags, etc. must not be left in the laboratory but must be stored in the 
lockers. 

4. Smoking or consuming food and beverages in the laboratory is forbidden. Do not touch or 

put any chemical products in your mouth to taste them. 

5. Wash your hands and remove your lab coat before leaving the laboratory. 
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RULES ON THE USE OF CHEMICAL PRODUCTS 

6. Do not allow chemicals to be in contact with your skin. Do not use your mouth as a pipette: 

use funnels and pipettes to transfer liquids. 

7. If an acid or any other corrosive chemical is accidentally spilled, inform the teacher in 

charge of the session. 

8. To detect the odor of a substance, do not place your face directly over the container. Instead, 

using your open hand as a screen, waft a small amount of vapor to your nose. Bottles should 

be closed immediately after use. 

9. When preparing solutions, stir them gently and carefully to prevent splashing. 

10. Acids require special care. Handle them in the cabinet and with caution. When you need 

to dilute them, never pour water onto them: always do it the other way round, i.e. pour the 

acid onto the water. 

11. Before using any product, pay attention to the safety pictograms on its label so that you 

can take appropriate preventive measures. 
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12. When heating a substance in a test tube, to prevent accidents make sure that the open 

end of the tube is not directed at anyone nearby. Exercise extreme caution when lighting 

burners: keep the flame burning only as long as is strictly necessary. 

13. As a general rule, if no other reliable information is available, assume that all chemicals 

are toxic. Also assume that all organic solvents are flammable and should be kept away from 

open flame. 

 
WASTE STANDARDS 

14. The laboratory is equipped with duly labelled containers where you should place any 

waste products generated. 

 
 

EMERGENCY RULES 

15. If you need to evacuate the laboratory, turn off the gas tap and leave in an orderly 

manner, at all times following the instructions given by the teacher in charge of the session. 
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PROGRAM FOR GENERAL CHEMISTRY PRACTICALS 
 

1. Introduction to laboratory techniques. 
 

2. Separation of samples: separation of casein from milk and identification of whey 

components. Distillation of a wine. 

 
3. Acid-base equilibria: potentiometric titration of acetic acid. Determination of the acidity of 

a commercial vinegar. Buffer solutions. 

 
4. Redox equilibria: redox reactions. Batteries. Evaluation of SO2 in wines. 

 
 
 

 
Bibliography 
GENERAL CHEMISTRY. Chemical Bonding and the Structure of Matter. Petrucci R.H., Harwood, W.S. 

and Herring F.G. Prentice Hall. Eighth edition, 2003. 

 
CHEMISTRY. The Central Science. Brown T.L., Bursten B. E., Murphy C. J., LeMay H.E. and Woodward 

P. M. Editorial Pearson. Twelfth edition. 2014. 
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PRACTICE 1: Introduction to Laboratory Techniques 
 

A: Basic laboratory equipment. Product labelling and transfer. Weighing of samples. Liquid volume 

measurement. Burette handling. 

B: Preparation of solutions. 
 

A) Basic laboratory equipment. Product labelling and product transfer. Weighing 

the sample. Measuring liquid samples . 

A-I Basic laboratory equipment. 

BEAKERS: Beakers can be large or small. Some beakers have graduations to 

provide approximate volumes (never precise ones). They can be heated (but 

never by direct flame). 

WATCH GLASS: This concave sheet of glass is used as a support for weighing 

solids and as a container for collecting a solid precipitate in an experiment. 

 
CRYSTALIZERS: These glass containers (which must never be heated) can be 

used to hold a solution (which may be hot) to precipitate a solute and, 

through rest and other conditions, to enable it to crystallize. 

 
GLASS FUNNEL: This is used to transfer liquids and solutions from one flask 

to another. It can also be used filter liquids, in which case a cone of filter 

paper must be used. The funnel should not be placed in a vacuum. 

BÜCHNER FUNNEL: This funnel can be made of porcelain or plastic. It has a 

filter plate with large pores, so filter paper is required for use. This funnel is 

used for vacuum filtering in combination with a vacuum filter flask. The 

diameter of the filter paper must be slightly smaller than that of the funnel 

so that the paper covers all the pores (but not the walls) and prevents the 

formation of channels through which the product can escape. 
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ERLENMEYER FLASK (CONICAL FLASK): This is a conical glass flask in which 

dissolutions can be prepared or heated with a grid, etc. Some Erlenmeyer 

flasks have graduations to provide approximate volumes. It is the most 

suitable container for a titration that allows the burette to be emptied. 

 
 
 
 

 

VACUUM FILTER FLASK (KITASATOS): This glass flask is similar to an 

Erlenmeyer flask but has a side outlet near the neck. The neck is used to 

connect the flask to a vacuum tube or a vacuum system to enable filtrations 

by suction. It must be clean when used as this is the only way to refilter if a 

little solid remains at the bottom. It cannot be heated but hot liquids can pass 

through it. 

 

 

 

TEST TUBES: As their name suggests, these small glass containers are used for 

conducting small tests in the laboratory. They can be heated by direct flame, 

provided this is done carefully. They should be cleaned after use and placed 

upside down in the rack to drain. 

 

 

 
U TUBE: This glass container has a very small capacity. It is mainly used to 

make salt bridges and in electrolysis. When used to make salt bridges, once 

the tube is full, the two mouths are covered with cotton wool while care is 

taken not to leave bubbles. 

 

 

 
SEPARATING FUNNEL: This funnel is used to separate liquids of different 

densities in order to separate the different phases. It has an upper stopper 

and a conical key at the bottom for emptying the funnel. 

 
 
 

 

 
ROUND-BOTTOM FLASK: There are different flasks with different volumes. They 

can have up to three mouths, which are generally round. They can be heated 

to high temperatures and, together with the condenser, they are used for 

distillation. A gas inlet, probe (for controlling the temperature), and 

thermometer, etc., can also be incorporated. 
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CONDENSER: There are different types of condensers (e.g. Liebig-West, ball, 

and jacketed) of different sizes to suit the type of distillation or reaction to be 

conducted. Both openings are frosted. 

 
BOTTLE JARS: These are plastic or glass jars containing solutions to be added 

drop by drop. Some jars are equipped with a dropper while others have a hole 

for dripping the solution. 

 
 

VOLUMETRIC MATERIAL 
 
 
 

 
 

 
 
 
 
 
 

 

BURETTE: This glass utensil is used for accurately measuring volumes. It is used for 

titration. The key is for regulating the flow rate and closing the burette. For 

proper use, the following precautions must be taken: 

- The area between the faucet and the outlet must be filled with liquid.  

- The volume should be measured with the burette full and with the 

lower part of the meniscus taken as an indicator. 

- The liquid must not be emptied abruptly. 
 
 

GRADUATED CYLINDER: This glass vessel is used for measuring volumes. It is 

fairly accurate but not as accurate as the pipette. It should not be used to prepare 

solutions or mixtures. 
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PIPETTE: Pipettes are used to measure volumes extremely accurately. To fill the 

pipette, a pipette filler must be used. 

Graduated pipette: This enables variable volumes to be measured. 

One-mark volumetric pipette: These are used to measure specific volumes only. 

The volume measured is the one between the volume gauge and the end of the 

pipette. 

Two-mark volumetric pipette: Like the one-mark pipette, this is used to measure 

specific volumes only. In this case, the volume measured is the one between the 

two gauges. 

NEVER USE A PIPETTE AS A STIRRING ROD. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 

 

VOLUMETRIC FLASK: This glass container measures volumes extremely 

accurately. Since it has only one mark, it can measure only a certain volume. As 

it is calibrated to a standard temperature, it cannot be heated and no hot liquids 

can be added to it. The flask must be filled very carefully by taking the lower part 

of the meniscus as an indicator. Solids must not be added to the flask. Instead, 

they must first be dissolved in a beaker and, once dissolved, the solution should 

be poured into the flask. Finally, the solvent should be filled up to the mark on 

the volumetric flask and the flask should then be shaken to homogenize the 

solution. 

 

THERMOMETER: When measuring the temperature, the thermometer should be 

left in contact with the liquid for several minutes. When taking the reading, the 

bulb should remain in contact with the liquid but not touch the container. 

NEVER USE A THERMOMETER AS A STIRRING ROD. 
 
 
 
 
 

OTHER EQUIPMENT 
 

 

RACK: This is a piece of metal or plasticized metal with compartments for 
inserting test tubes. 
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WIRE GAUZE: The wire gauze must always be placed over the tripod 

between the flame of the burner and the material to be heated. 

 

 

 
TRIPOD STAND: Made of iron, the tripod stand consists of a ring with 

three legs to support the grid and enable the containers to be heated. 

 
 
 
 
 

 

 
PIPETTE BULB: The pipette bulb is used to fill the pipettes without having 

to use the mouth as a suction element. Instructions for use are as 

follows: introduce the pipette through the lower orifice; press the upper 

orifice and then press the body of the pipette to extract the air: fill the 

pipette; press the lower valve; to empty the pipette, press the valve on 

the side of the pipette. 

 
 
 

 

 
WASHING BOTTLE: This plastic container has a stopper and a thin, curved 

tube. It is  used to contain distilled or deionized water, which is used to 

prepare solutions and to wash glassware at the end of the experiment. 

Under no circumstances may any other type of liquid be added or any 

rod or pipette for extracting water be inserted. It must be opened only 

for the purpose of filling it. 

 
 
 

 
 

 

 
MAGNETIC BARS OR MAGNETS: These Teflon-coated magnets are of 

different sizes to suit the type of container being used. They are used to 

quickly and effectively shake a solute in a solvent. They are used in 

combination with magnetic stirrers or magnetic plates with or without 

heating. 
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Identify this laboratory equipment and explain its use. 
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A-II Product labelling and product transfer 
 

1. Product labelling 
 

Most products (except gases) are stored in bottles with labels indicating the name or formula 

of the compound and, if the product is a solution, its concentration. 

Labels of commercial products often include symbols to indicate their toxicity or 

aggressiveness. Sometimes they are accompanied by data such as molecular mass and, if the 

product is a liquid, the boiling temperature. 

If you find that any product bottle has lost its label, give it to the teacher of the session. 
 
 
 

2. Product transfer 
Whenever a quantity of product is needed for an experiment, use a suitable, clean container.  

To avoid confusion, label the container appropriately. 

The size of the container will depend on the amount of product needed. Avoid oversized 

containers and never overfill them. As a general rule, use 25–75% of the container’s total 

capacity. 

In general, reagents are used by several people. Reagent bottles should therefore not be 

moved from their location. Strict compliance with this rule will save time for everyone. 

Handle reagents, especially liquids, with care. Use both hands if the container is large or heavy. 

Do not use more product than is needed for the experiment and never return any excess 

product to the bottle or jar. Consult your teacher on this point. 
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Solids 
 

Small amounts of a solid product can be transferred from one container to another using a 

(thoroughly) clean and dry spatula. (Figure 1). 

Place both containers close to each other on a clean sheet of white paper to avoid spilling the 

product onto the work surface. 

Place the bottle stopper on the sheet of paper, not directly onto the table, to avoid 

contaminating the reagents. (Figure 1). 

Alternatively, you can transfer the solid to a clean sheet of glossy paper no larger than 15x15 

cm and then transfer it to a test tube. 

If a larger amount of solid is needed, make sure that the product is not aggregated. If it is, 

break up the blocks by inserting a clean spatula. To pour the product, tilt the bottle while 

simultaneously twisting your wrist (Figure 2). 
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Liquids 
 

When transferring a liquid, avoid splashing. To do this, bring the two vessels close together and 

tilt the receiving vessel so that the liquid runs down the vessel wall. (Figure 3). 

When transferring from one vessel to another, you can use a glass rod (Figure 4). 
 

Never identify a product by moving your nose towards a product. Instead, use an open hand to 

blow a small amount of vapor towards your nose. 

To avoid contaminating the reagents, never pipette directly from the reagent bottles. Place 

roughly 1.5 times the amount you need into a clean, dry beaker and pipette from the beaker. 

 
 
 
 

 
 

 
A-III Weighing the sample 

 
Several varieties of scales are available for weighing samples. These differ in accuracy and 

weight capacity. Generally, more accurate scales have a lower weight capacity. Make sure you 

follow these instructions: 

a) Do not place products directly onto the scale pan. 
 

b) Use a watch glass or beaker. 
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c) Do not place hot containers on the scale pan. 
 

d) Clear away any substances that have spilled onto the scale pan immediately. 
 

e) Check that the scale is set to zero before and after weighing. If it is not, inform 

your teacher. 

f) Carefully place the samples onto the scale pan at rest. 
 

g) Ensure that the sample does not exceed the scale’s capacity. 
 
 

After weighing the sample, clean all residues around the scale and cover the bottles of reagents. 
 
 
 
 

ANALYTICAL BALANCE GRANATARY 
 

 

 
 
 

 

 
 
 
 
 

A-IV Measuring liquid volumes 
 

Liquids or solutions are normally measured by volume. Various graduated vessels are used for 

this purpose, including graduated beakers, measuring cylinders, pipettes, and volumetric flasks, 

etc. (Figure 5). These glass vessels have one or more marks on the surface that indicate specific 

volumes of liquid. 

When you wish to measure variable volumes without the need for great accuracy, use a 

graduated cylinder  (sometimes a graduated beaker can be used). To measure small variable 

volumes with great precision, pipettes and burettes are used. Volumetric flasks are used to 

prepare solutions because they measure fixed volumes with a high level of accuracy. 



20 

When measuring a given volume, follow these instructions: 

a) Position your eyes at the same height as the liquid level. 
 

b) Ensure the container is upright. 
 

c) Line the view up with the concave bottom of the meniscus (Figure 6). 
 

d) To read the volume in a multi-scale vessel, align the bottom of the meniscus with the 

graduated scale. 

e) To read the volume in a volumetric flask, align the bottom of the meniscus with the mark. 
 

 
Figure 5 

 

 
 

Figure 6 
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A-V Handling the burette 
 

a) Fill the burette with deionized water and leave the tap open so that the water flows  into a 

beaker. 

b) Once the burette is clean, with the stopcock closed, pour the titrant solution (in this case, 

deionized water) up to the zero mark. This mark must be at eye level. 

c) Make sure that the lower tip of the burette is full of liquid and that there are no bubbles. 

d) Ensure that the burette level is at zero mark. 
 
 

B) Preparing solutions 

Equipment and Reagents 

 

Beakers Concentrated hydrochloric acid 

Pipette Sodium hydroxide 

Pipette bulb  

50 mL volumetric flasks  

Glass funnel  

Rod  

Dropper  

Watch glass  

 
 

Procedure 
 

1) To prepare 50 mL of 1 M HCl from concentrated HCl, the characteristics of which 

are as follows: 

d = 1.18 g/mL    Y = 37%MM (HCl) = 36.5 g/mol 
 

- Calculate how many milliliters of HCl are needed to prepare the solution. 
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- Add a few milliliters of distilled water to a 50 mL volumetric flask. 

- Pour the previously calculated amount of concentrated hydrochloric acid  from the 

dosing unit into the volumetric flask. 

- Add distilled water directly from the wash bottle until it almost flushes. 

- Use a dropper or Pasteur pipette to add water to the mark drop by drop. 

- Cover, shake, label, and store the solution. 
 
 

2) To prepare 50 mL of 0.5 M NaOH from NaOH (s) 
 

MM (NaOH) = 40 g/mol 
 

- Calculate how many grams of NaOH(s) are needed to prepare the solution. 

- Weigh as indicated in section A-III. Take care with sodium hydroxide because it is highly 

hygroscopic and must be weighed quickly. Do not touch it with your hands as it is 

highly corrosive. 

- If the sodium hydroxide has been weighed into a watch glass, pour the solid into a 

beaker and wash the watch glass with water to collect any remaining product. 

- Add distilled water to the beaker (no more than 50 mL) and stir with a stirring rod until 

the sodium chloride has completely dissolved. 

- Pour the contents of the beaker into a volumetric flask using a funnel and a rod. 

- Add water to the beaker to collect all the solution and pour the solution into the flask. 

- Add water up to the mark drop by drop. Cover, shake and label. 
 

3) To prepare 50 mL of 0.2 M HCl from the 1M HCl solution. 
 

- Calculate how many milliliters of 1M hydrochloric acid are needed to prepare this solution. 

- Pour the 1M acid you prepared in section 1 into a beaker and, with a pipette, measure 

the calculated volume and insert it into the 50 mL volumetric flask. 
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- Add distilled water directly from the wash bottle until it almost flushes. 

- Using a dropper or Pasteur pipette, add water up to the mark drop by drop. 

- Cover, shake, and label. 
 
 

Never insert the pipette into a reagent bottle as this may contaminate the contents. 
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PRACTICE 2: Sample Separation 
A: Separation of casein from milk and identification of whey components. 

 
B: Distillation of a wine. 

 
Introduction 

 
A frequent operation in a chemical laboratory is separation of the various products of a 

reaction mixture or its natural source. For this separation, differences in the physical 

properties of the products are used. 

Distillation is an example of a separation in which the differences in the boiling points of liquid 

compounds are used. 

A) Separation of casein from milk 
 

Milk is a complex food with three phases or systems: 

a. Aqueous solution: the main component of milk is water (63-87%) in which mineral salts, 

whey proteins, water-soluble vitamins, and the milk sugar lactose are dissolved. 

b.  Colloidal dispersion, which is made up of proteins grouped in the form of small solid 

particles. These  are the casein micelles. 

c. Emulsion, which is made up of fat globules that also contain sterols (cholesterol) and 

fat-soluble vitamins. 

 
To separate the caseins from the milk, we add an acid until the isoelectric point pH 4.6 of the 

caseins is reached, thus causing their precipitation. The milk is then filtered using a conical 

funnel. The filtered liquid is called whey. 

 
The serum contains dissolved sugars, mineral salts, and proteins. These are determined by 

qualitative analysis. 
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Objectives 

 
To become familiar with precipitation, filtration, drying and weighing techniques. 

To discuss qualitative analysis. 

To determine cations, anions, proteins and sugars. 

Equipment and Reagents 
 

Beakers Skimmed milk 

25 or 10 mL flask Acetic acid 1 M 

Watch glass Fehling Reagent 

A. Copper sulphate solution 7% (w/v) 

B. Solution of 35 g of sodium potassium tartrate  

and 10 g of KOH in 100 ml of water. 

Erlenmeyer flask Biuret reagent: 

A. NaOH solution 20% (w/v) 

B. Copper sulphate solution 1% (w/v) 

100 mL test tubes Silver nitrate solution 

Wooden clamp Oxalate solution 1% (w/v) 

Conical funnel “Phosphate TEST 1” (ammonium molybdate 
solution.) 

Filter paper “Phosphate TEST 2” (reducing substance solution) 

 
Procedure 

 
1. Pour 50 mL of milk, measured with the measuring cylinder, into a 100 mL glass (each pair 

of students should pour roughly 50 mL of milk from the carton into a glass and then 

measure it with the measuring cylinder). 

 
Option: these tests can also be done with soy and oat beverages using the same procedure. 

 
2. Heat the milk on the hotplate to roughly 40 °C. Use a thermometer to test the temperature. 
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3. Remove the beaker from the plate and add 1 M acetic acid solution, drop by drop, to the 

milk using a dropper (roughly 5-7 mL, or two full droppers). Stir the mixture continuously 

with a glass rod during the entire addition process. Continue stirring until an amorphous 

mass is formed. 

4. Filter the solid with filter paper and a conical funnel to separate as much of the liquid as 

possible. 

5. Collect the casein sticking to the beaker with the filtrate water and filter again. 

6. Reserve the filtrate liquid (whey) for later “qualitative analysis” of the whey components. 

7. Place the filtered casein between several filter papers to dry it as much as possible. 

8. Put the casein in a watch glass and crush it with a spatula. Leave the casein in the oven 

at 40°C until the end of the practical session. Calculate the percentage of isolated casein 

in g/100 mL. 

 
Qualitative analysis of serum components 

 
Various proteins, carbohydrates, minerals and other components are dissolved in whey. 

 
Insert 2 mL of the filtrate (serum) obtained in the previous experiment into five test tubes 

using a graduated Pasteur pipette and number the tubes from 1 to 5. 

Perform the following experiments. 
 

Detection of sugars: Fehling’s reaction 
 

1. On the hotplate, heat roughly 80 mL of water in a 100 mL beaker. 

2. Add 20 drops of Fehling A and 20 drops of Fehling B to Tube 1. The liquid turns a strong 

blue color. 

3. Heat the tube in a bain-marie by placing it on the hotplate in a beaker of water. 

4. The reaction is positive if a brick-red solid appears. 

5. The reaction is negative if the sample remains blue or changes to a blue-greenish hue. 
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Rationale: Monosaccharides and most disaccharides have a reducing character (though 

sucrose does not). If the carbohydrate under investigation (lactose) is reductive, it will be 

oxidized and the blue copper (II) sulfate will be reduced to the red-orange copper (I) oxide. 

 
Detection of protein: the Biuret reaction 

 
1. Take Tube 2 with the 2 mL of serum. 

 
2. Add 40 drops of 20% sodium hydroxide solution (Biuret A). 

 
3. Add 4 or 5 drops of 1% copper sulphate solution (Biuret B). 

 
A violet-pinkish color characteristic of the presence of proteins is observed. 

Rationale: The presence of proteins in a mixture can be determined by the Biuret reaction. 

The Biuret reagent contains CuSO4 in alkaline aqueous solution. The reaction is based on the 

formation of a violet compound. This is a coordination compound between Cu2+ ions and 

nitrogen atoms that are components of contiguous peptide bonds. 

Detection of ions: 

 Chlorides: 

Add three drops of the silver nitrate solution to Tube 3 with the serum. A milky white precipitate of 

silver chloride forms. 

Rationale: In the presence of chlorides, the cation Ag+ produces a white precipitate AgCl. 
 
Phosphates (orthophosphate): 

 
Add five drops of the reagent Phosphate TEST 1 (containing a solution of ammonium molybdate in 

an acid medium) to Tube 4 and shake. 

Then add five drops of the reagent Phosphate TEST 2 (containing a reducing agent) and shake. 

A blue color indicates the presence of phosphates. 
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40ºC 

 
HAc 

Precipitate: CASEINE 

Rationale: Orthophosphate ions (PO43-) react with the molybdate ion in an acid medium to 

form phosphomolybdic acid. Through the action of a reducing agent, the phosphomolybdic 

acid is reduced to phosphomolybdenum blue, which is also called molybdenum blue, whose 

structure is not fully known. 

Calcium: 
 

Add ten drops of the 1% ammonium oxalate solution to Tube 5. A white crystalline precipitate 

of calcium oxalate is formed. 

Rationale: In the presence of oxalate, the cation Ca2+ produces a white precipitate of calcium 

oxalate. 

Complete the following diagram with the reactions in this section. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

MILK 

Lactose 
 

Soluble proteins 

Inorganic ions: 

Cl- 

PO43- 

Ca2+ 

Filtration: SERUM 
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B) Distillation of a wine 

 
Distillation is one of the most common operations in the purification of liquids. When the 

impurities accompanying the liquid are not volatile, or boil at a much higher temperature, 

simple distillation is sufficient to achieve purification. When mixtures of liquids with relatively 

close boiling points need to be separated, fractional distillation should be used. 

Objectives: 
 

To distil a sample of wine, take density measurements of the distilled liquid, and relate these 

measurements to the percentage of alcohol. 

Equipment and Reagents 
 

Analytical scales Thermometer Wine 

Beakers Round-bottom flask Acetone for washing 

Heating blanket Distilling head  

25 or 50 mL Erlenmeyer flask PTFE sleeves for the 

frosted joints 

 

Wooden clamp Coolant  

Automatic pipette (1 mL) Collector  

Pieces of porous material Yellow paper clips  

Vials Metal clamps  

 
 

The main components of wine are water and ethanol. 
 

The distillate of a wine is a hydroalcoholic mixture that is richer in alcohol than the wine from 

which it derives and is free of the non-volatile solutes contained in the wine. The density of 

the distillate depends exclusively on alcohol content and temperature. 
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(Density of ethanol = 0.81 g/mL) (Boiling temperature of ethanol = 78.5 ºC) (Density of 

water = 1 g/mL) (Boiling temperature of water = 100 ºC) 

Note: since water and ethanol form an azeotrope, in wine they cannot be completely separated 
by distillation. 

An azeotrope is a mixture of chemical compounds (two or more) in a liquid state that boil at a 
constant temperature and act as if they were a single chemical compound. 

 
 
 

Set-up 
 

Assemble a simple distillation set-up as shown in Figure 1. Clean the coolant and collector with 

a little acetone before assembling and ensure that each joint has a PTFE sleeve (Note: do not 

use silicone for the joints). Open the water tap to a sufficient flow rate to allow the water to 

flow into the condenser. Hold the condenser with the metal clamps to avoid breakage and 

above all, once you hold it, do not force the assembly. For this reason, two students need to 

work together to assemble this equipment. 

 
 

Figure 1. Set-up for a simple distillation 
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Procedure 
 

Insert a small piece of porous porcelain into the round-bottom flask (to prevent the liquid 

from overheating). Pour 50 mL of the wine to be distilled, measured from the dosing 

device, into this flask. Then place the flask in the assembly. 

The temperature is increased up to the soft boiling point (275ºC, which, if  convenient, can 

be reduced to 250ºC). 

Label five vials R1, R2, A1, A2, A3 and label a 25 mL beaker R3. 
 

Collect the following fractions of the distillate in two vials (R1 and R2) and the 25 mL beaker 

(R3). 

First fraction of distillate R1 (fill and cap the vial)  

Second fraction of distillate R2 (fill and cap the vial) 

Third fraction of distillate R3: collect 15 mL or more in the beaker. 

 
Important: Write the temperature at which the first drop begins to fall into each vial and 

record it in this table: 
 

 Temperature 1st drop 

R1 (full vial)  

R2 (full vial)  

R3 (15mL or more in the beaker)  

 

While the distillation is in progress, weigh the empty vials A1, A2 and A3 (including the caps) on 

the analytical scales. Complete the following table. 
 

 Weight of empty vials A including caps 

A1  

A2  

A3  
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Calculation of densities 
 

Using the automatic pipette, add 1 mL from vials R to their corresponding vials A (see 

the table below). Now weigh vials A1, A2 and A3 (with their caps) on the analytical scales and 

record the results in the table below. Calculate the density of the liquid in g/mL of each 

fraction R1, R2 and R3. 

Complete the table and compare the values obtained. 
 

  Weight of vials A with solution and cap Density (g/mL) 

R1 (vial) A1 (1mL of R1)   

R2 (vial) A2 (1 mL of R2)   

R3 (beaker) A3 (1 mL of R3)   

 
 

At the end of the distillation, stop heating and place the collecting tube pointing upwards. 

When it has cooled down, clean the coolant and the collector with a little acetone. 
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PRACTICE 3: Acid-base equilibria 
 

A: Potentiometric titration of acetic acid. 
 

B: Determination of the acidity of a commercial vinegar or juice. 
 

C: Buffer solutions. 
 
 
 
 

A) Potentiometric titration of acetic acid 

Introduction 

Acids and bases are such common and important substances that determining the 

concentration of an acid or base solution is a frequent operation. Hydrochloric acid can be 

prepared by passing a stream of hydrogen chloride through water, but how does one 

determine the concentration of the acid produced? The answer can be found in volumetric 

analysis, which is used to measure volumes of solutions. The procedure is called titration. In 

titration, a solution of known concentration is used to determine the concentration of another 

solution whose value is unknown. Titration can be carried out only if it involves a rapid and 

time-completed reaction, as is the case for reactions between acids and bases. A base 

solution of known concentration is added to a specific volume of an acid solution whose 

concentration is unknown and the exact volume of the base solution needed to react 

completely with the acid is determined. This is called the equivalence volume. 

It is important to accurately measure the volumes of the reagents and the values of pH 

during the practical. 
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Objective 
 

To illustrate the use of the potentiometric method in one of its most important applications, 

i.e. acid-base titration. 

The following chemical equation represents the reaction of acetic acid (HAc) with sodium 

hydroxide: 

HAc (ac) + NaOH (ac) → Ac-(ac) + Na+(ac) + H2O(l) 
 

Equipment and Reagents 
 
 

pH meter Acetic acid problem: CH3-COOH =HAc 

10 mL pipette NaOH 0.1 M titrated 

Conical funnel Phenolphthalein 

Rod  

Beaker  

25 mL burette  

Graph paper  

 

 
Procedure 

 
Introduce roughly 20 mL of an acetic acid solution of unknown molarity (from the dosing 

apparatus) into a beaker. Pipette exactly 10 mL of this solution (using either a 1- or 2-mark 

volumetric pipette) into a 250 mL beaker. Add distilled water up to the half-way point of the 

beaker (to ensure that there is sufficient volume and that the electrode of the pH meter is fully 

submerged). Add a few drops of phenolphthalein. 
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Add a titrated 0.1 M NaOH solution to the 25 mL burette and fill the burette to the zero mark. 
 

Proceed with the titration by adding the sodium hydroxide from the burette at 0.5 mL 

intervals. Stir constantly and measure the pH after each addition. Close to the equivalence 

point, when the pH of an addition varies considerably from the pH of previous ones, the 

additions should become smaller and smaller (0.1 mL). 

Plot the pH against the volume of NaOH added in mL. 

 
Acetic acid titration 

 

 
 

From the inflection point in the titration curve we can determine the volume of sodium 

hydroxide at the equivalence point from which, assuming the exact sodium hydroxide 

concentration, the real acetic acid concentration is calculated. 

 
Ma: Molarity of initial acetic acid 
Va: mL of initial acetic acid (10 mL) 

 
Mb: Molarity of sodium hydroxide (0.1 M) 
Vb: mL of NaOH at the equivalence point 

 
 
 

From the neutralization reaction it follows that: 
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moles of NaOH = moles of HAc 
 

The exact molarity of acetic acid is calculated from the following expression: 
 

Va · Ma = Vb · Mb 
 

 
 

B) Determination of the acidity of a commercial vinegar or juice 

Introduction 

One of the oldest known condiments and preservatives, vinegar adds aroma and flavor 

to food and improves its preservation characteristics. A vinegar’s degree of acidity is usually 

expressed as g HAc/ 100mL of vinegar. Table vinegar usually has 5-6% acetic acid (pH 2.5-3.5) 

and a fruity aroma characteristic of the raw material. It is obtained by fermentation of cider 

sugar. During this fermentation, alcohol is formed, after which it is converted into acetic acid 

by oxidative fermentation. 

Objective 
 

Perform an acid-base titration to determine the acid content of a commercial vinegar. 
 

Equipment and Reagents 
 

250 mL glass Commercial vinegar 

25 mL burette NaOH 0.4 M 

 Phenolphthalein 

 
 
 
 
 

Procedure 
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Pipette 5 mL of commercial vinegar (the amount may already have been obtained) into an 

Erlenmeyer flask. Add distilled water up to roughly half the container and then add two drops 

of phenolphthalein. Add a titrated 0.4 M NaOH solution to the burette. Proceed with manual 

titration until the solution acquires a persistent pink color. 

Calculate the degree of acidity of the titrated vinegar. 
 

NOTE: If titrating a commercial juice, 10 mL of juice is poured into the Erlenmeyer flask. 

Distilled water is then added up to half the container. Two drops of phenolphthalein are then 

added and the 0.1 M NaOH is dropped until the solution acquires a persistent pink color. The 

degree of acidity of a juice is expressed as: g citric acid/100 mL juice. 

 
 
 

C) Buffer solutions 
 

Introduction 
 

In many chemical processes, and especially in many reactions that take place in living 

systems, the pH must remain constant. pH control is very important, for example, in 

wastewater treatment, electroplating (electrolytic) processes, and the manufacture of 

photographic materials. Maintaining constant pH is important in many metabolic processes 

because the function of proteins depends on their structure, which depends on the pH. 

Proteins are simultaneously acids and bases whose form varies as their charge varies due to gain 

or loss of protons. Since their function depends critically on their shape,  their pH must remain 

constant (to maintain a particular shape). For example, the pH of blood must be close to 7.4 

and the pH of saliva close to 6.8. Also, stomach enzymes act only at a pH of roughly 1.5. 

A solution that maintains a practically constant pH even when moderate amounts of 

acids or bases are added to it is called a buffer solution. 
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Buffer solutions contain either a weak acid and a salt of the weak acid or a weak base 

and a salt of the weak base. Both components of the solution must be in approximately 

equal proportions. 

We will now prepare a buffer solution and check its buffering power. 
 
 
 

Equipment and Reagents 
 

Beakers Acetic acid (HAc) 0.1 M 

50 mL volumetric flasks Sodium hydroxide 0.4 M 

pH meter Sodium hydroxide 0.1 M 

 Hydrochloric acid 0.1 M 

 
 

Procedure 
 

1) To prepare 50 mL of buffer solution 
 

Place 5 mL of 0.4 M NaOH and 40 mL of 0.1 M HAc in a 50 mL volumetric flask and fill up to  the 

mark with distilled water. Shake. Measure the pH. 

2) Buffering power test 
 

a) Place two 20 mL samples of the prepared buffer solution in two 25 mL beakers. Add  1 mL of 

0.1 M HCl from the dosing device to the first sample and 1 mL of 0.1 M NaOH from the dosing 

device to the second sample. Measure the pHs. 

b) Pour two 20 mL samples of distilled water into two other 25 mL beakers. Measure the pHs. 

Add 1 mL of 0.1 M HCl from the dosing device to the first beaker and 1 mL of 0.1 M NaOH 

from the dosing device to the second. Measure the pHs again. Complete the table below and 

compare how adding either an acid or a base affects the pH when the solution is buffered. 
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pH of buffer  

pH of buffer + 1 mL of 0.1 M HCl  

pH of buffer + 1 mL of 0.1 M NaOH  

pH of deionized water  

pH of deionized water + 1 mL of 0.1M HCl  

pH of deionized water + 1 mL NaOH 0.1M  
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PRACTICE 4: Redox equilibria 
 

A: Redox reactions. Batteries 

B: Assessment of SO2 in wines 
 

Introduction 
 

Many chemical reactions take place with changes in oxidation states. These changes 

characterize redox reactions, in which electrons are transferred between the reactants. 

TERMINOLOGY 
 

• Oxidation: the process by which electrons are lost. An increase in the oxidation 

state occurs. 

• Reduction: the process by which electrons are gained. A decrease in the 

oxidation state occurs. 

• Oxidizing agent: this agent causes another species to oxidize and lose electrons; 

these electrons are captured by the oxidizing agent, which is thus reduced. 

• Reducing agent: this agent causes another species to be reduced and gain electrons; 

these electrons are lost by the reducing agent, which is thus oxidized. 

• Redox pair: this is always represented as “oxidized form/reduced form”. For 

example,  Cu2+/Cu, Ag+/Ag, i.e. in the pair, the species are written in the 

reduction sense: 

Cu2+(ac) + 2e- → Cu (s) Ag+(ac) + 1e- → Ag(s) 
 

• Redox equation: this is a chemical reaction in which one substance is oxidized and 

another is reduced. It is a transfer of e- from the reductant (which is oxidized) to the 

oxidant (which is reduced). For example: 
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Cu(s) + 2 Ag+(ac) Cu2+(ac) + 2 Ag(s) 

 
 

Electrochemistry is the field that studies both the production of electric current by 

chemical reactions and the chemical reactions produced by electric currents. Both processes 

are extremely important: batteries are used to generate and store energy, while electrolysis 

is the process by which different elements and compounds used in the chemical industry are 

obtained commercially. 

 
 
 

Equipment and Reagents 
 

Rack Metallic copper 

Test tubes Nitric Acid 

 Potassium Permanganate 

 Sulfuric acid 

 Sodium sulfite 

 
 

A) Redox reactions. Batteries 
 

A-I Qualitative testing of spontaneous redox reactions 
 

1. In a glass cabinet, put some metallic copper fragments into a test tube and add approximately 1 

mL (20 drops) of 6 M HNO3. 

E0: Cu2+/Cu : 0,34 V 

E0: NO3-/NO2 : 0,80 V. 

 
 

Cu oxidizes: it is the reductant 
 

The Ag+ cation is reduced: it is the oxidizing agent 
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2. Insert 2 mL of 0.01M KMnO4 solution into a test tube. Acidify with five drops of H2SO4 

3 M and shake. Add some Na2SO3 crystals. 

E0: MnO4-/Mn2+ : 1.51 V. 

E0: SO42-/SO32- : -0.93 V. 
 

 
In both cases write down your observations. Note and adjust the reactions that have taken 

place. Do the experimental results agree with the theoretical predictions based on the values 

of the reduction potentials? 

A-II Batteries 
 

The purpose of this experiment is to show how an electric current can be obtained from 

spontaneous chemical reactions. To do so, a battery will be assembled and its potential will 

be measured. 

Equipment and Reagents 
 

25 mL glasses Copper sulfate 0.5 M 

U-tube Zinc sulfate 0.5 M 

Voltmeter Potassium sulfate 0.5 M 

Cu and Zn electrodes  

Cotton  

 
 

Procedure 
 

The battery to be assembled is: 
 

Zn(s) / Zn2+ (0.5 M) // Cu2+ (0.5 M) / Cu (s) 
 

Insert 20 mL of CuSO4 0.5 M and 20 mL of ZnSO4 0.5 M, respectively, from the dosing apparatus 

into two 25 mL beakers. Fill a U-tube with 0.5 M K2SO4 solution. Cap the ends of the tube with 

cotton plugs. Immerse the zinc and copper electrodes into the solution and connect them to 
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the voltmeter. Insert the salt bridge and read the potential difference on the voltmeter. 

Compare the read value with the calculated value. 

Eo: Cu2+/ Cu: 0.34 V. Zn2+/ Zn: -0,76 V 
 
 
 
 

 
 
 

Questions: 
 

1. On the above diagram, write the name of each components in the correct box. 

2.  Which electrode works as an anode and which one works as a cathode?  

3.  What is the purpose of the salt bridge? 

4. Where do the K+ and SO42- ions travel through the salt bridge? 

5. Which of the two electrodes will gain mass after the battery has been connected for a while? 
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B) Assessment of SO2 in wine 
 

Sulfur dioxide is the main preservative for wines and musts thanks to its antiseptic properties 

on microorganisms. It acts as an antioxidant and improves the wine’s organoleptic 

characteristics. 

 
The sulfur dioxide in wine derives from the enological practice known as “sulfiting”. It is partly 

present as dissolved sulfur dioxide (SO2)ac, hydrogen sulfite (HSO3-), and sulfite (SO32) , where 

it constitutes free sulfur dioxide, and also combines with aldehydes, sugars and colorants, 

where it constitutes combined sulfur dioxide. This distinction is important because the sulfur 

dioxide with antiseptic action is free sulfur dioxide, whereas combined sulfur dioxide is the 

necessary reserve for the free fraction. In other words, the two forms are in equilibrium and 

are influenced by pH and temperature. Also, the lower the pH and the higher the temperature, 

the greater the proportion of free sulfur dioxide. 

Free SO2 ⟷ Combined SO2 
 
 
The sulfur dioxide gas introduced into the wine results in the following equilibria: 

SO2 (g) ⟷ SO2 (ac) 

SO2 (ac) + 2H2O ⟷ HSO3-(ac) + H3O+(ac) 

HSO3-(ac)+ H2O ⟷ SO32-(ac) + H3O+ (ac) 

 

The combination of free and combined sulfur dioxide is the total sulfur dioxide. 

Total sulfur dioxide = free sulfur dioxide + combined sulfur dioxide 

 
The titration method we will use is the Ripper Method (the most common method of sulfur 

dioxide titration in wines). 
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Equipment and Reagents 
 

10 mL burette Potassium triiodide 0.01 M 

Erlenmeyer flask White wine 

20 mL volumetric pipette Starch in a 1% aqueous solution (indicator) 

Test tubes 10mL Potassium hydroxide 1 M 

Pipette bulb Sulfuric acid 3 M 

 
 
 

Procedure 
 
 

a) Free sulfur dioxide 

50 mL of white wine (from the dosing device), 5 mL of 3M sulfuric acid (measured with a 10 

mL measuring cylinder), and 6 mL of the starch solution are inserted into an Erlenmeyer flask. 

The solution is titrated with 0.01 M potassium triiodide (KI3) solution (dosed at 15 mL), which 

is introduced into the burette and taken up to the mark. The titration is conducted with the 

final point being that at which the blue color persists for 15s. 

Let V (mL) be the volume of triiodide solution used in the titration. 
 
 

b) Total sulfur dioxide 

10 mL of potassium hydroxide 1M (measured using a 10 mL measuring cylinder) and 20 mL 

of wine are inserted into an Erlenmeyer flask and measured with a 20 mL volumetric pipette 

by inserting the tip of the pipette into the potassium hydroxide solution to avoid loss of SO2 

gas. Cover, shake and leave the flask to stand for 15 minutes to allow alkaline hydrolysis of the 

complexes between SO2 and wine components such as acetaldehyde to take place. 

Then add 5 mL of 3 M sulfuric acid (measured using a measuring cylinder) and 3–4 mL of the 

starch solution and titrate immediately with the triiodide solution until the persistent blue 

color appears for 15 seconds. 

Let V' (mL) be the volume of triiodide solution used in the titration. 
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Calculations 
 
 

The reaction that takes place in the titration is as follows: 

SO2  + I3-  + 2 H2O  → HSO4- + 3 I- + 3 H+ 

 
Therefore, to calculate the concentration in mg/L we use the following equations: 

 
Free SO2 mg/L = V x 0.01x 64 x1000 = V x 12.8 

50 

 
SO2 total mg/L = V'x 0.01 x 64 x 1000 = V' x 32 

20 
 

It is recommended that wine should always contain a residual of 10-15 mg/L in the free form 
because this is the active form. Also, as a maximum in the case of white wine, total SO2 should 
not exceed 200 mg/L (Commission Regulation (EC) No 606/2009 of 10 July 2009: Categories of 
products, oenological practices and applicable restrictions). 

 
 

Questions 
 

1. Do the wines analyzed comply with the regulations? 
 

2. In what other foods are sulfites used as preservatives? 
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