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PREFACE 

 

Üniversitelerde Fen bölümleri, tıp ve mühendislik öğrencileri ilk yıllarında Kimya Laboratuvarı 

dersi ile karşılaşmaktadır. Kimya Laboratuvarı dersi ile ilgili bu kitapçığın başında öncelikle 

kimya laboratuvarı için son derece önemli olan kimya laboratuvarında uyulacak kurallar ve 

laboratuvarda alınması gereken güvenlik önlemleri açıklanmıştır.  Laboratuvar güvenliği ile 

ilgili detaylı bilgiler, verilen web bağlantısındaki kaynakta yer almaktadır.  Kimya 

Laboratuvarında kullanılan malzemelerin tanıtıldığı bölümden sonra, Genel Kimya Ders 

konuları ile bağlantılı seçilen deneylerin föyleri yer almaktadır. 

 

 Laboratuvara ilk geldiğiniz gün, kimya laboratuvarında uyulacak kurallar ve laboratuvarda 

alınması gereken güvenlik önlemleri konularında bilgilendirilerek, yangın tüpleri, güvenlik 

duşu, göz yıkama muslukları gibi kaza anında kullanılacak malzeme ve sistemlerin yerleri ve 

nasıl çalıştıklarını öğreneceksiniz.   

 

Kimya laboratuvarları, her an istenmeyen kazaların yaşanabileceği yerler olması nedeni ile 

herşeyden önce güvenlik konularındaki bilgilerin öğrenilmesi çok önemlidir.  İlk hafta güvenlik 

kuralları ve önlemleri bölümünü ve her deney haftası deney föyünü mutlaka okuyup öğrenerek 

geliniz.  

 

Hepinize sağlıklı, başarılı ve kazasız bir eğitim, öğretim dönemi dilerim.  

 

 

Saygılarımla  

 

Prof. Dr. Serap BEŞLİ 

 

Kimya Bölüm Başkan  
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LABORATORY RULES FOR CHEM 113 GENERAL CHEMISTRY LAB I COURSE 

1. The students must attend the General Chemistry Laboratory I course in exact day, time and laboratory 

which is declared on the course programs’s of the department.   

2. Attendance compulsion is 80% for the laboratory semester. If a student will not attend for 3 

experiments,   the student will be given F score  

3. During the lab course, the students have to wear their lab coat, lab goggles and latex gloves. The 

students must bring their own lab coat, lab goggles and latex gloves to the lab. If the student does not 

bring lab coat, lab goggles and latex gloves to the lab or does not use these items in the lab, she/he will 

not be allowed to attend the lab. The experiment will be marked as failed.  

4. If the student is late more than 10 minutes to the lab course, she/he will not to be allowed to attend 

the lab. and the experiment. 

5. During the lab course, it is strictly forbidden to use mobile phone. The students do not leave the lab 

and experiment set without permission of the lab assistant.  

6. In order to provide life safety and to ensure the success of experiment in a safe manner, hand jokes 

between the students is strictly forbidden. Also, touching to chemicals without gloves, sniffing and 

tasting them is dangerous and strictly forbidden.  

7. In every experiment, chemicals and materials necessary for the experiment will be supplied to the 

students by the lab assistants. The students must not borrow the chemicals and materials from the other 

students. At the end of the each experiment, all the glass or metal materials will be cleaned by the 

students. Also, the experiment set will be tidy and clean. 

8. Before coming to lab, the students should know about the procedure of the experiment and theoretical 

information.  
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LABORATORY SAFETY RULES AND CAUTIONS 

 

1. All students have to wear lab coat. Students without lab coat will not be allowed in the lab. 

2. All students have to wear safety glasses in the lab. Students without safety glasses will not 

be allowed in the lab. Contact lenses are not allowed in the lab. because acid and organic 

chemical vapors could get in between eye and lenses, lenses can be glued or dissolved on the 

eye in the case of an accident and can be diffıcult to remove.   

3. Wide dresses, sandal type shoes shouldn’t be worn in the lab. Long hair should be tied. 

4. Food, drink and chewing-gum are not allowed in the lab. 

5. All students should know where the fire extinguisher, first aid cabinet and shower are placed 

in the lab. 

6. Learn the speediest nearest exit from the lab. in the case of a fire.  

7. Use the shower when your dresses or hair catches fire. 

8. Do not run and do not make jokes in the chemistry lab. 

9. Benches should not be used to sit on or to leave bags or personal things.  

10. Smoke and vapor released during chemical reactions should not be smelled directly. 

11. It is not allowed to work in chemistry labs. without attendance of assistants or instructors. 

12. Do not use Bunsen burners next to flammable chemicals (i.e. ethers). 

13. Read the labels carefully on the bottle before use of any chemicals.   

14. Read the experimental procedure before coming to the lab. Students who come to lab having 

no knowledge about experiment could create risks for themselves and other students. 

15. In the case of any accident (glass cut, acid/base burn, fainting etc.), immediately inform 

your assistant or instructor. 
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16. Do not orientate the test tube toward yourself and your friend.  Reaction carried out in the 

test tube could be dangerous. 

17. Water should not be added on concentrated acids. Acids should be added to the water slowly 

and by stirring.  

18. It is forbidden to smell and to taste the chemicals and to pull solutions by mouth when using 

pipette. 

 

19. Chemicals (solid, liquid or solution) must not dumped into the sink. Waste bottles in the 

lab. should be used. (Learn where the waste bottles in the lab are.) 

 

20.Use the broken glass labeled container in the lab for the broken glass pieces.  

 

21. Matchstick, litmus paper must not be disposed to the sink. 

22. Mercury vapor is invisible and toxic. Mercury in the broken thermometer is very dangerous. 

You must inform your assistant if a thermometer is broken. 

23. Materials like hot test tube, crucible, and beaker must not hold by hand. Tube tongs should 

be used or left to cool on an asbestos wire. 

24. Please use the amounts of chemicals given in the procedure. Use of excess amounts can 

make difficult to control the reactions or cause undesiredside reactions. 

25. Left behind chemicals should not be returned to the stock bottles, should be discarded into 

the waste bottle 

26. Always keep clean your working area, balance and its environment. Work clean and tidy in 

the lab.  

27. Don’t change the locations of the chemicals during the experiment. 

28. At the end of the experiment, clean all the materials you used and return them to your 

assistant. 

29. Make sure that gas and water taps are closed before leaving the lab. 
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30. Wash your hands before leaving the lab. 

 

31. Learn the information given in the link below and Table 1.  

 

http://www.gtu.edu.tr/Files/kimyaBolumu/documents/LabGuvenlik.pdf   

This web page is important for Lab. Security Examination 

The following cases, must be notified firstly to the assistant or lecturer. 

 

BURN: expose the burned area to the tap 

water (5-10 min.), apply first aid. 

 

CUT / INJURY: Wash with water and apply 

first aid. 

FAINTING:   Provide fresh air. Lay down 

and put the head lower than the body.  

FIRE: (Notify the assistant immediately) Put 

the bunsen burner off. Use shower in case of 

hair and clothes caches fire. Use the fire 

extinguisher when necessary.  

BLEEDING:  Compress on the wound, keep 

the wound above the heart level and get 

medical help.  

CHEMICAL SPILL: clean in a manner 

appropriate to the chemical. Aqueous solutions 

can be removed with water. Information your 

assistant. 

ACID BURNS: Use NaHCO3 solution 

 

BASE BURNS: Use Boric acid or Acetic acid 

solution  

EYE CONTAMINATION: The Eye is washed 

immediately with plenty of water for at least 15 

minutes (use the eye-wash shower rooms). 

Seek immediate medical help.  

 

 

 

 

 

 

 

http://www.gtu.edu.tr/Files/kimyaBolumu/documents/LabGuvenlik.pdf
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Laboratory Security Symbols 
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EXPERIMENT 1: IDENTIFICATION OF PURE SUBSTANCES BY 

THEIR PROPERTIES 

1.1. Purpose 

Identification of the substances by utilizing their physical and chemical properties. 

 

1.2. Theory 

Matter is anything that occupies and displays the properties of mass and inertia. All matter could 

be classified as pure substances or mixtures.  

 

Pure substances: 

The composition and properties of an element or a compound are uniform throughout a given 

sample and from one sample to another. Element and compounds are called substances. Pure 

substances have characteristic chemical and physical properties. 

1) Elements:   An element is a substance made from only one type of atom, that cannot be 

broken down into simpler components by any non-nuclear chemical reaction   (C, Na, Mg, N2). 

2) Compounds: Chemical compounds are substances comprising atoms of two or more 

elements joined together (H2O, AgCl, CaCO3).  

 

Mixtures: 

1) Heterogeneous mixtures: The composition and physical properties vary from one part of 

the mixture to another. (oil + water, sand + water). 

2) Homogeneous mixtures: The mixtures that are uniform in composition and their properties 

throughout are said to be homogeneous mixtures (sugar + water, salt + water)  

A compound can be identified with the following characteristics:  

http://www.gcsescience.com/a1-atom-electron-neutron-proton.htm
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Figure 1.1. Classification of matter  

 

Physical properties 

A physical property is a property that doesn’t alter the composition of the matter. Melting point, 

boiling point, density, solubility, physical state, colour, and crystal structure can be given as an 

example of physical properties. In physical changes, appearance of the substance changes, but 

its composition doesn’t change.  

For example; 

- Melting of ice 

- Dissolution of salt in water 

- Melting of copper at high temperatures  

- Melting of candle  

 

Chemical properties 

A chemical property is a property that changes the composition of the substances under certain 

conditions. In chemical changes, the composition of matters changes and new kinds of matters 

occur. 

Chemical reactions are understood from the following observations: 

 - Color change 

- Precipitation formation  

- Gas release 

- Heat and sound formation 
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For example;  

- Burning of sugar, 

- Making cheese from milk  

- Combustion of wood are chemical changes.  

 

1.3 Materials and Chemicals 

Materials Chemicals 

Glass rod  

Test tubes  

Bunsen burner 

Wooden tongs 

Litmus paper (blue 

and red) 

Tube rack. 

 

 

 

 Salt              (NaCl) 

 Sugar          (C6H12O6) 

 Oxalic acid (H2C2O4)  

 Sand           (SiO2) 

 Sodium thiosulfate   (Na2S2O3) 

 Lime          (CaO) 

 Cupper sulfate (CuSO4) 

 

1.4. Experimental Procedure 

The tests given below must be performed for all of these substances:  

1. Heat change 

2. Solubility in water 

3. Acidity and basicity of the water solutions 

 

1) Put a small amount of substance (spatula-tip) into a clean and DRY test tube and heat on  

bunsen burner. 

* Observe the changes in the substance carefully and write down the type of the changes.  

 

2) Put a small amount of substance (spatula-tip) into a clean and DRY test tube and fill half of 

the test tube with pure water.  Stir with glass stick and observe. 

Is the solution homogeneous, heterogeneous, is there any suspension formation? Write down 

your observations. 

If the solution is not homogeneous, heat gently and note if there is a change or not. 

Keep the solutions to use in part 3. 
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3) Put a drop of the solutions obtained in part 2 on a litmus paper using glass stick.  Note if 

there is a color change.  

 

If RED litmus turns into BLUE           → compound is BASE 

If BLUE litmus paper turns into RED → compound is ACID 

If there is no change in the color         → compound is NEUTRAL 

 

4) Ask your assistant for your unknown substance.  Perform the tests done above to identify  

the substance. (Unknown substances:  All, except sand, cupper sulfate and sugar) 

*All the test tubes used should be clean. Any contamination may cause you to find wrong 

compound. 

 

Cautions: 

Wear protecting glasses to protect your eyes.  

Don’t smell released gasses. 

Do not orientate the test tube toward yourself or your friend. 

 

 

1.5. Results and discussion  

       Heating  Type of 

change  

Solubility in 

water    

Acidity/Basicity 

Salt  (NaCl)     

Sodium thiosulfate  

(Na2S2O3) 

    

Oxalic acid (H2C2O4)     

Cupper (II) sulfate (CuSO4)     

Sugar     (C6H12O6)     

Lime (CaO)     

Sand (SiO2)     

Unknown No:  

 

Formula: 
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1.6. Questions 

1. What is chemical and physical change?  Explain and give an example for each. 

2. What are the observations to identify chemical change? 

3. How do we identify whether a compound is acidic or basic? 

4. Is heat always cause same change? Think about your observations for the answer 
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EXPERIMENT 2: IDENTIFICATION OF SUBSTANCES BY THEIR 

REACTIONS 

 

2.1. Purpose 

Investigation of the reactions given by the compounds 

 

2.2. Theory 

Chemical reaction is change of one or more pure substances into new substances as a result of  

electron mobility causing bond breakage /formation under specific conditions. There are many 

types of reactions and can be classified in different ways. 

 

Chemical reactions may be grouped in four main groups: 

 

1. Coupling reactions: A compound forms by combination of the two or more elements. 

          A + B → AB 

 CO2 + H2O→ H2CO3 

 

2. Decomposition reactions: The reaction is the opposite of the coupling reaction and 

degradation of a compound into two or more simple substances. 

  AB → A + B 

 NaCl → Na+ + Cl-
 

 

3. Single displacement reaction: A reaction that an element is displaced with another element 

in a compound. 

 

       A + BC → AC + B 

            Mg + 2HCl → MgCl2 + H2 

 

4. Double substitution reactions: A reaction that displacement takes place between plus or 

minus charged ions in the reaction. Such reactions can take place only in solution and may end 

with, 

 a) Precipitation formation   
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 b) Gas release 

 

                                               Positive charge exchange  

                                                             ↓ ͞  ͞  ͞  ↓ 

                 AB + CD → AD + CB 

 

                             KCl(aq) + AgNO3(aq) → KNO3(aq) + AgCl(k) 

                             K2CO3(aq) + HCl (aq) → KCl(aq) + H2O(s) + CO2(g) 

 

Precipitation formation via reaction of ionic compounds is defined by the general solubility 

rules given below. 

 

General Rules for the solubility of ionic compounds in water. 

 

Water Soluble Compounds  

Na+, K+ and NH4
+ salts  

NO3 
-, C2H3O2 

- and ClO3 
- salts  

Cl -, (Br -) and (I -) salts, (except Ag+, Pb+2 and Hg2
+2 compounds) 

SO4 
-2 salts   (except Ba+2, Pb+2 and Sr+2 compounds)  

 

Compounds which are not soluble in water: 

CO3 
-2 and PO4 

-3 salts (except Na+, K+ and NH4
+ compounds)  

OH- and O-2 salts (except Na+, K+, NH4
+ and Ba+2 compounds)  

S-2 salts (except Na+, K+, NH 4
+ and Ba+2 compounds)  

 

If a compound is not soluble in water, it can be made soluble by the methods below.   

             1)  pH of the solution can be adjusted. 

             2) Oxidation- reduction reactions can be used. 

             3) Water- soluble complex of the compound can be formed. 
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2.3 Materials and Chemicals 

Materials Chemicals 

Test tubes (6-8) 

Bunsen burner 

Wooden tongs  

Tube rack. 

Water bottle 

Glass rod 

Beaker 

Spatulas 

Droppers  
 

Cupper sulfate (CuSO4) 

Ammonium chloride (NH4Cl) 

Sodium carbonate (Na2CO3) 

Magnesium oxide (MgO) 

Sodium sulfate (Na2SO4) 

Barium chloride (BaCl2) 

Barium nitrate solution (BaNO3)2(aq) 

Hydrochloric acid solution HCI(aq) 

Sulfuric acid solution H2SO4(aq) 

Nitric acid solution HNO3(aq) 

 

 

  

2.4. Experimental Procedure 

List of the compounds are given below:  

Cupper sulfate (CuSO4) 

Ammonium chloride (NH4Cl) 

Sodium carbonate (Na2CO3) 

Sodium sulfate (Na2SO4) 

Magnesium oxide (MgO)  

Barium chloride (BaCl2) 

 

Tests given below is performed for all of these substances:  

1) Put a small amount of substance (spatula-tip) into a clean and DRY test tube and heat on  

bunsen burner. 

* Observe the changes in the substance carefully and write down the type of the changes.  

2) a) Find the solubility of each substances in water by using solubility rules and record the 

results in your report as soluble or insoluble. 

 b) Prepare the solutions of the compounds that soluble in water. Put a very small amount of the 

substance in a test tube and fill half of the tube with water. Dissolve the compound by stirring  

with glass rod. 

c) Divide the homogeneous solutions obtained into 3 parts.  Add 

* 2-3 drops of Ba(NO3)2 (Barium nitrate) solution, into first test tube 

* 2-3 drops of HCl (Hydrochloric acid) solution, into second test tube 

* 2-3 drops of H2SO4 (Sulfuric acid) solution, into third test tube 
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Note any change. If there is a change (as precipitation, color change, gas release, suspension  

formation), write down the reaction for each substance.  

3) a) If the substance is not soluble in water. Dissolve it in HNO3 (Nitric acid) solution.  Note  

if there is a change or not. 

b) Repeat the test in 2-c. 

4) Ask your assistant for your unknown substance.  Perform the tests above to identify the 

 substance. (Unknown substances:  All, except cupper sulfate) 

 (NOTE: All the test tubes used should be clean. Any contamination may cause you to find  

wrong compound) 

 

Cautions: 

Wear protector glasses to protect your eyes.  

Do not orientate the test tube toward yourself or your friend. 
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2.5. Results and discussion  

 

 Heating  Solubility 

H2O/HNO3  

Ba(NO3) 

addition  

HCl 

addition 

H2SO4 

addition 

Sodium 

carbonate 

(Na2CO3) 

 

     

Sodium sulfate 

(Na2SO4) 

 

 

 

    

Lead nitrate 

(Pb(NO3)2) 

 

     

Cupper sulfate 

(CuSO4) 

     

Ammonium 

chloride 

(NH4Cl) 

 

     

Magnesium 

oxide (MgO) 

 

     

Barium chloride 

(BaCl2) 

 

 

     

Unknown  

Formula: 
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2.6. Questions 

1. Write down the type of reactions below. 

a) Fe3+ + 3OH− → Fe(OH)3________________ 

b) NaClO3→ NaCl + 3/2 O2 ________________ 

c) Zn+ 2HCl → ZnCl2 + H2 ________________ 

d) 2NaOH + CaCl2 → Ca(OH)2 + 2NaCl ________________ 

 

2. Give the compound name for  the following ;   

a) Dissolves NaCl but not AgCl ________________ 

b) Dissolves Na2CO3 but not BaSO4 ________________ 

c) Dissolves   both ZnS   and Ag2S ________________ 

d) Dissolves both CaO and  Sr(OH)2 ________________ 

 

3. Give the compound name for the following ; 

a) Forms precipitate both with NaCl and FeCl2 ________________ 

b) Forms precipitate both with KCl and K2CO3 ile ________________ 

c) Forms precipitate with AgNO3 but not with Zn(NO3)2 ________________ 

 

4. Complete the possible ones in the reactions below  

a) CaCO3 (k) + HNO3 (sulu) → 

b) CuBr2 (aq) + K2S (aq) → 

c) Sr (s) + O2 (g) → 

d) KCl (aq) + AgNO3 (aq) → 

e) BaSO4 (s) + NaCl(aq) → 
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EXPERIMENT 3: STOICHIOMETRIC CALCULATIONS 

3.1. Purpose 

Determination of the reaction stochiometry, calculation of the theoretical and experimental 

yield. 

 

3.2. Theory 

Many information like mol ratios and physical states of the reactants and products can be  

obtained from a balanced reaction equation.  For example;   

 

                       2 Cu(NO3)2 (s) → 2 Cu (aq) + 4 NO3
-(aq) 

Ba(NO3)2 (aq) + K2SO4 (aq) → BaSO4(s) + 2 KNO3 (aq) 

 

In all the reactions, reactant compounds combine in specific ratios. If one of the reactants is 

used in excess, excess amount remains in the reaction medium without reacting. Completely 

used reactant in a chemical reaction is called limiting component and this component 

determines the amount of products. 

Amount of a product calculated from the balanced equation of a chemical reaction is called as  

theoretical yield. Many chemical reactions do not complete, in such cases the amount obtained 

is always less than theoretical yield. Amount obtained at the end of a reaction is called 

experimental yield. 

 The yield of the reaction is expressed in percentage and is calculated using the following 

formula: 

 

                        Real Yield 

% yield =                                        x 100 

                       Theoretical yield 

 

In this experiment the following reaction is going to be performed and percentage yield will be 

calculated.  

 

FeCl3(aq)  + 3 K2C2O4.H2O (aq) → K3Fe(C2O4)3.3H2O(s)  + 3 KCl(aq) 

(Iron(III) chloride + potassium oxalate monohydrate  → potassium ferritrioxalate trihydrate + 

potassium chloride). 
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3.3 Materials and Chemicals 

Materials Chemicals 

2 Beakers (100 mL) 

Erlenmeyer (100 mL) 

Funnel 

Filter paper 

Glass rod 

Magnetic stirrer with hot plate 

Desiccator 

Crystallizing dishes 

Droppers 

Watch glass 

 

 FeCl3(aq) 

 K2C2O4.H2O (aq)  

 Distilled water 

 

3.4. Experimental Procedure 

Synthesis of K3Fe(C2O4)3.3H2O salt  

 

1. Weigh 4 g. K2C2O4.H2O into a 100 ml. beaker and add 8 ml of distilled water. 

2.  Heat gently (not be boiled) to dissolve the compound.  

3. Add 4 ml of FeCl3 solution into the hot solution by using a measuring cylinder. Color of the 

solution will turn to green.  (1 ml solution contains 0.4 g FeCl3) 

4. Solubility of the substance to be synthesized increases with the temperature. Therefore, leave 

the beaker in ice bath for a while to precipitate the compound. 

 5. Filter the content of beaker by using funnel and weighed filter paper. Discard the decantate. 

Wash the crystals remained on the filter paper using a little amount of water.  

6.  Take the filter paper carefully from the funnel and place on a watch glass. (Don’t forget to 

write your name on the watch glass.) 

7.  Weigh the synthesized compound next week and use in the calculations. 
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3.5. Results and discussion  

   

 

 

FeCl3 solution volume :  

Filter paper mass:  

Filter paper + product mass  

Product mass  

FeCl3 mass:  

FeCl3 mole:  

K2C2O4.H2O mass :  

K2C2O4.H2O mole:  

Excess reactant mass and mole:  

Product mole (obtained):  

Product mole (theoretical):  

% Yield:  

   

 

3.6. Questions 

1. In the precipitation reactions, obtained product mass is always less than the expected one.  

Explain, why? 

2. Reaction of 1.5 g CaCl2 and 3.4 g AgNO3 gives 2.5 g AgCl. Write the equation for this 

reaction and calculate the % yield. (CaCl2: 111 gr/mol, AgNO3: 170 gr/mol, AgCl: 144 gr/mol) 

3. 3 ml, 0.1 M Pb (NO3)2 reacts with 12 ml 0.1 M K2CrO4. Calculate the amount of the 

precipitate (PbCrO4) and the concentrations of the ions remained in the solution. (PbCrO4: 323 

g/mol) 
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EXPERIMENT 4: DETERMINATION OF A SALT SOLUBILITY 

4.1. Purpose 

Learning the general principles of solubility of salts.  

 

 

4.2. Theory 

Solubility of a salt, generally in a certain amount of a solvent (typically 100 g) and at a given 

temperature, is calculated by considering how much salt is dissolved in a solution. Temperature 

is the main factor which influences the solubility. To increase or to reduce the temperature of a 

saturated solution changes the equilibrium. According to Le Chatelier's Principle, the direction 

of the equilibrium shifts to the direction of reducing changes. When increasing of temperature 

in an endothermic reaction, the equilibrium shifts to the endothermic direction; unlike 

decreasing of temperature shifts the equilibrium to the exothermic direction. Increasing the 

temperature increases the solubility of the most ionic compounds. Dissolution of more 

substances in a saturated solution is an endothermic process which requires extra energy (heat) 

and high temperature. It is more suitable to show changes in solubility versus temperature in a 

graph.  

 

4.3 Materials and chemicals 

Materials Chemicals 

Mortar and pestle 

Test tube (20 cm) 

One-hole stopper 

Thermometer  

Beaker (600 mL) 

Magnetic stirrer with hot plate 

Magnetic stir bar  

Magentic stir bar retriever 

Graduated cylinder (10 mL) 

Spatul 

Laboratory stand&clamp 

 NH4Cl or another salt 

Distilled water 
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4.4. Experimental Procedure 

 

 

Figure 4.1.  Experimental set up for solubility of a salt  

 

1. Prepare about 8 g of salt (NH4Cl) fine powder in a mortar. 

2. Take a large test tube (20 cm) covered with an appropriate one-hole stopper.  

3. Place a thermometer in the hole. Be careful that the thermometer must not touch the 

bottom of the tube.  

4. Put a magnetic stir bar for mixing the solution properly. 

5. Add 8 g of the salt (crushed into fine powder) into the test tube.  

6. Add 16 ml of distilled water carefully by using measuring cylinder and put the stopper 

on the tube.  

7. Dip the tube into the boiling water in a 600 ml beaker. The tube is attached to the stand 

with a clamp so that the solution inside the tube remains in the water bath and the 

solution in the tube mixed by the stiring bar until all the salt dissolved in the tube.  

Be careful not to break the thermometer in this process.  

8. Remove the tube from hot water after all the salt is fully dissolved. Do not hold the tube 

in boiling water more than necessary. This is essential point for preventing water loss 

due to evaporation. 
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9. Observe carefully the crystallization during cooling of the tube and determine 

temperature when the crystallization starts. This temperature is the saturation 

temperature of the solution.  

10. Add 2 ml of distilled water in the tube.  

11. Keep the tube in the boiling water until all crystals dissolve again.  

12. Remove the tube from hot water when the dissolution is completed.  

13. Cool it down and detect the temperature at which crystals start to form. Repeat this 

process (addition of 2 ml of pure water) until obtaining at least 3 or 4 saturation 

temperature values in a wide temperature range. So a different saturation temperature is 

obtained by adding 2 ml of distilled water. If addition of 2 ml of distilled water causes 

to a big change in saturation temperature, other experiments can be repeated by adding 

1 ml of distilled water instead of 2 ml of distilled water. Conversely, if the addition of 

2 ml of distilled water causes a little change in saturation temperature, other experiments 

can be repeated by adding 3 or 4 ml of distilled water instead of 2 ml of distilled water.   

 

Cautions: 

Wear protective gloves, gowns, glasses and a mask.  

Avoid breathing dust / smoke / gas / mist / vapor / spray.  

Keep away the explosives from the open flame and avoid releasing to the environment. 

. 

 

 

4.5. Results and discussion  

Data for used salt: 

 Experiment 1 Experiment 2 Experiment 3 

Amount of the salt (g)    

Total volume of used distilled water (mL)    

Crystallization temperature (°C)    
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4.6. Questions 

 

1. Please predict the solubility of your salt at some different temperatures.   

 

2. 

Temperature (oC) / x-axis Solubility (g Pb(NO3)2/100 g water) / y-axis 

92.1 115 

70.1 91.2 

49.6 78.6 

31.2 61.4 

 

The solubility of Lead nitrate, its temperature and solubility was given, increases linearly with 

temperature. Draw a line between the points and beyond in both directions past the data points. 

Use this line to answer the following questions. 

a. What would the solubility be at 35 oC of lead nitrate? 

b. What would the solubility be at 25 oC of lead nitrate? 

c. What temperature would be necessary to make a solution with solubility of 

65.0 g/100 mL? 
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EXPERIMENT 5: DIFFUSION OF GASES 

5.1. Purpose 

To investigate the diffusion rates of two gases, ammonia (NH3) and hydrogen chloride (HCl) 

and learn the factors affecting the diffusion rate of a gas.  

 

5.2. Theory 

Diffusion is the spread out of a liquid or gaseous substance through random molecule motion 

into a medium and effusion is the movement of a gas through a tiny hole into a vacuum. 

Diffusion rate varies depending on temperature, molecular weight, density. The spreading out 

of dissolved particles to everywhere in a solution is a diffusion phenomenon. Here, the physical 

states of the solute molecules and solvent molecules are not important. The diffusing ability of 

the particles in a given environment depends on the kinetic migration rates of these particles. 

Kinetic migration rates also decrease as the particle size increases. So small particles have more 

diffusing ability than large particles. 

 

Figure 5.1.  Schematic illustration of diffusion and effusion 

 

In 1848, Thomas Graham found that the diffusion rate of gases is inversely proportional to the 

square root of the molar masses. The diffusion rates (ʋ) of the gases are inversely proportional 

to the square root of the molecular weight (M). This phrase is known as the Graham Diffusion 

Event. Mathematically, it can be expressed as below. 

 

Due to the molar masses are directly proportional to the densities, then Graham's Law is written 

as follows. The relationship between diffusion rates (ʋ1, ʋ2), molecular weights (M1, M2) and 
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densities (d1, d2) of two different gases under the same temperature and pressure conditions is 

expressed mathematically as follows. 

 

Graham Law is also given using kinetic molecular theory. If there are any two gas molecules at 

the same temperature, A and B, their average kinetic energies, (1/2 mv2), are equal. 

 

 

In this equation, if the velocities are pulled to one side and the molecular masses to the other 

side, the following Graham equation appears. 

 

Thus, we have seen that the smaller molecular mass gas moves faster or diffuse faster. If this 

equation is reformulated assuming that the time is held constant in the experiment, the following 

equation is obtained.  

 

In our daily life, we encounter many events related to the diffusion of gases. For example, when 

a few drops of essence are poured into a corner of a room, the spread of odor all over the room 

comes from the air diffusion of the molecules composing the essence. If the ammonia flask is 

left open on one side of the laboratory, the ammonia smell coming from anywhere in the lab 

will again indicate the air diffusion of the ammonia molecules. 

In this experiment, the rates of diffusion of two gases, ammonia (NH3) and hydrogen 

chloride (HCl), will be investigated. These gases are convenient to use for such an experiment 

because, when they react with each other a white smoke is formed consisting of ammonium 

chloride (NH4Cl):  

NH3(g) + HCl(g) → NH4Cl(s) 
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5.3 Materials and Chemicals 

Materials Chemicals 

two ring stands, utility clamp 

1,5-2,5 cm  diameter and  50-60 cm in length glass tube  

2 cork  match with  glass tube   

Cotton 

Ruler 

Forceps 

concentrated NH3 solution 

concentrated HCl solution 

 

5.4. Experimental Procedure 

1- Clamp the glass tube, ensuring that it is horizontal. 

2- Take two large pieces of cotton to fit into the two ends of the tube. 

3- Put one of the cotton wool wads in the mouth of the ammonia bottle and carefully invert it 

to soak one side of it. Push the soaked end into one end of the glass tube. Replace the lid on the 

bottle. Repeat this procedure quickly with a second wad of cotton wool and hydrochloric acid. 

Put the cotton wool wad into the other end of the glass tube. 

4- Putting bungs into the ends of the glass tube will reduce the quantity of the gas leaks  which  

cause smell. Once assembled, the tube can be removed from the fume cupboard. 

5- Watch the tube and observe a ring of white (smoke) powder forming near the middle of the 

tube. This is ammonium chloride.  

6- Mark the place where smoke first appears and measure its distance from the tips. 

7- Apply Graham Diffusion Law to this observation. 
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Figure 2: Experimental set-up for the gas diffusion experiment 

 

 

 

 

 

5.5. Results and discussion  

Apply the Graham Diffusion Law to your observations and make the necessary calculations 

 

5.6. Questions 

1. Calculate the ratio of the molecular weights of two gases by using measured distances in the 

experiment instead of diffusion rates in the Graham Diffusion Law.  Explain why you can use 

distances for the calculation. 

 

2. Calculate the ratio of the actual molar masses of HCl and NH3. Compare actual and 

experimental ratios and interpret the result. 
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EXPERIMENT 6: SYNTHESIS OF SOAP 

6.1. Purpose: To produce soap from animal or vegetable oil. 

 

6.2. Theory: Esters turn to carboxylic acids and alcohols by hydrolysis in acidic or basic 

medium. Esterification and ester hydrolysis are equilibrium reactions. Mainly alkaline catalyst 

is used to shift the equilibrium towards the hydrolysis.  The formed carboxylic acid forms salt 

(carboxylates) by reacting with base and helps to shift the equilibrium towards hydrolysis. 

 

  

 

Oils such as glycerol esters are formed by high carbon fatty acids. These esters are generically 

called glycerides and further called as monoglycerides, diglycerides and triglycerides 

depending on the number of alcohol groups esterified with trialcohol glycerin. Glycerides with 

three identical fatty acids are defined as simple glycerides and those with different fatty acids 

as mixed glycerides. For example; tristearin is a simple glyceride, whereas α-palmito-α,β-diol 

is a mixed glyceride. Sodium or potassium salts of carboxylic acids, the product of hydrolysis 

of fats and alkaline hydroxides, are defined as soap and this hydrolysis process is defined as 

saponification. Fatty acid sodium salts are known as white soap, and potassium salts as soft 

soaps. 
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 6.3 Materials and Chemicals 

Materials Chemicals 

3 Beakers (50 mL, 100 mL, 250 mL) 

Erlenmeyer Flask (250 mL) 

Glass Stirring Rod 

Petri dish  

Magnetic stirrer with hot plate 

Magnetic stirring bar 

2 Graduated cylinders (50 mL, 250 mL) 

Spatula 

Thermometer 

Crystallizing dishes 

Sodium hydroxide 

Olive oil 

Common salt 

 

 

6.4. Experimental Procedure 

1) Place 25 mL olive oil into a 100 ml beaker and heat until the temperature of olive oil 

reaches 35-40oC. 

2) Prepare a solution of 22 g NaOH in 40 mL water in a 50 mL beaker. 

3) Slowly add warm NaOH solution into olive oil and stir with glass rod to obtain a 

homogeneous solution like mayonnaise (about 30 minutes). 

4) Prepare a saturated salt solution (50 g salt (NaCl) / 150 ml H2O).  

5) When a homogeneous solution is obtained, add the mixture into the saturated salt 

solution. 

6) Filter the mixture by vacuum filtration, and then wash with cold water. 

7) (Optional) At this stage lavender or any other dry ingredient can be added to obtain 

fragrant soap.  

8) Pour the soap quickly in Petri dish. 

9) Wait until the soap is dry.  

6.5. Questions 

Give answers to the following questions in lab reports.  

1) Describe the chemical reaction that takes place in the process of saponification.  

2) Why is it important to add NaCl in the process of saponification. 

3) How many grams of soap did you get at the end of the experiment?  

4) Place a small amount of soap in a test tube and mix the soap with water well. Touch a few 

drops of the solution to both red and blue litmus paper. Record your observations. What 

explanation can you give for the observed color changes of the litmus paper? 
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EXPERIMENT 7: SYNTHESIS OF NYLON 6,6 

7.1. Purpose: Study of polimerization techniques  

 

7.2. Theory: Polymers are macromolecules built from smaller molecular subunits, called 

monomers. Synthetic polymers can be classified into two main types according to the 

mechanism by which they synthetically grow from monomer to polymer: chain-growth 

polymers and step-growth polymers. This classification scheme is an update from historical 

nomenclature, in which polymers were classified by whether there existed a by-product of the 

polymerization reaction (condensation polymerization) or not (addition polymerization).  In a 

step-growth reaction, the growing polymer chains (of any molecular length) may react with 

each other to form longer polymer chains. The monomer or dimer may react in just the same 

way as a polymer containing hundreds of monomer units. In chain-growth polymerization, 

however, only monomers may react with growing polymer chains. That is, two growing 

polymer chains cannot join together as in the case during step-growth polymerization. 

In the step-growth polymerization, monomers do not link  in succession, but instead small 

polymer chains combine to form larger chains. For example, nylon 6,6 is an aliphatic polyamide 

that is synthesized using A-A/B-B step-growth condensation-polymerization. The two 

monomers involved in this polymerization are hexamethylenediamine and adipoyl chloride, 

each of which is bifuctional (i.e., two ends of each are reactive), and each end contains the same 

functionality (i.e., A or B functional groups).  

 

The first step in the reaction occurs between a molecule of hexamethylenediamine and a 

molecule of adipoyl chloride. The hydrogen atom of the amine group belonging to 

hexamethylenediamine forms a hydrochloric acid (HCl) molecule with the chloride from the 

acid functional group. The remaining adipoyl chloride molecule and the hexamethylenediamine 

molecule will join together to form a larger molecule (polymer). The molecule formed has an 

acid group at one end and an amine group at the other and is a nylon 6,6 unit. 
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Figure 7.1. Synthesis of Nylon 6,6 

 

7.3. Materials and Chemicals 

Materials Chemicals 

Beaker (250 ml x 2) 

Magnetic stirrer with hot plate 

Magnetic stir bar (x 2) 

Stirring rod (glass) 

Graduated cylinder (25 mL) 

Spatul 

Pipette (1 mL) 

Pi-pump 

Droppers 

1,6-Diaminohexane (1g)  

H2N(CH2)6NH2   

Adipoyl chloride (1mL)  

C6H8Cl2O2 

Hexane (25mL) C6H14 

NaOH ( or Na2CO3) 0.5g 

Distilled water 

 

 

7.4. Experimental Procedure 

 

Fig. 15.5 Experimental design 
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1) Weigh 1g of 1,6 diaminohexane in a beaker and add 25 ml of distilled water.  

2) Heat the solution to dissolve the entire compound using magnetic stirrer.  

3) Add 0.1 g of Na2CO3 (10-15 drops of 10 % Na2CO3 solution) to the solution.  

4) In another beaker, dissolve 1 ml adipoyl chloride with 19 ml n-hexane, and pour this 

into first solution.  

5) You will notice an interphase between these two solutions. This film is removed out of 

the beaker carefully with a glass rod and nylon 6,6 polymer is obtained.   

 

7.5. Questions 

1. What can you say about the molecular weight of the polymer you synthesized? 

2. What is the reason of adding base to the reaction medium? 

3. What do the two numbers correspond to in the name “Nylon-6,6?” What would be the 

chemical structure of the repeat unit in “Nylon-2,2? 

  

 


