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This Student Notebook for Experimental Chemistry allows you to keep a written record or 

report of the mandatory laboratory that you will carry out as part of the General and 

Inorganic Chemistry course. The Student Laboratory Notebook includes laboratory works 

and also questions in all basic topics in General and Inorganic Chemistry. Chemistry is a 

practical subject, and, by developing your practical skills in the laboratory, you will 

increase your understanding and appreciation of chemistry.  

The notebook is for first year foreign students of Pharmaceutical Faculty.  
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LABORATORY  SAFETY  RULES  

 

Take care of yourself. 

Acquire good lab habits from the word go. 

 Report all accidents, injuries, and breakage of glass or equipment to teacher 

immediately.  

 Lab coats should be worn in laboratory.  

 Long hair (chin-length or longer) must be tied back to avoid catching fire.  

 Work quietly − know what you are doing by reading the assigned experiment before 

you start to work. Pay close attention to any cautions described in the laboratory 

exercises.  

 Do not taste or smell chemicals.  

 Never return chemicals to their bottles.  

 Never point a test tube being heated at another student or yourself. Never look into a 

test tube while you are heating it. 

 Unauthorized experiments or procedures must not be attempted. 

 Leave your work station clean and in good order before leaving the laboratory. 

 Do not leave your assigned laboratory station without permission of the teacher. 

 Follow all instructions given by your teacher. 

 Do not mouth pipette.  

 Do not waste chemicals; do not take more than what is required 

 Wash your hands before leaving the lab.  

 Absolutely no noise or disruptive behavior in the lab. No fooling around. 

 No eating or drinking in the lab at any time!  

 

 

 

 

 

  

Exothermic Dangers 

When you make up a solution using a concentrated or solid 

strong acid or base, always gradually add the acid or base to the 

water, not vice versa. If you add water to the strong acid or base, 

the solution may boil almost instantly, ejecting the chemical 

forcefully from the container. 
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Topic 1. General characteristics of the p-elements. Hydrogen and its 

compounds. p-elements of the VIIA group. Halogens. Halogens 

compounds in positive and negative oxidation states. 

 
Questions for admission to the implementation of laboratory works: 

1. What oxidation states (numbers) are characteristic for hydrogen and its compounds? 

2. What types of chemical bonds form hydrogen in binary compounds with other 

elements? Give examples of binary compounds of hydrogen with various types of 

chemical bonds. 

3. What is a hydrogen bond? 

4. Which of the metals can be used to produce H2 from hydrochloric acid (HCl): Cu, Al, 

Fe, Mg, Au, Ag, Hg, Zn, Pb? 

5. Assign the oxidation number of hydrogen in following compounds: Н2О, Н2О2, NаН, 

РН3, H2, СН4, С2Н4, Н2S, НСl? 

6. Describe the chemical properties of hydrogen.  

7. What substances – S, Р, N, Сl, Сu, Zn, Аl, Аu, Рt, Н2О, SO2, P2O5, Cu(ОН)2, FеО – 

interact with H2? Write reactions. 

8. Explain, why the water molecule is polar. 

9. Name the physiological solution in which water acts as a solvent. 

10. What substances – Nа, Са, Мg, Аl, Сu, Fе, S, Сl2, N2, H2S, K2S, Сu(NО3)2, 

Ва(NО2)2 – interact with H2O? Write reactions. 

11. Describe the acid-base nature of the hydrogen peroxide. 

12. Why hydrogen peroxide exhibits oxidizing and reducing properties? 

13. What is the electronic configuration of halogen atoms? What oxidation numbers are 

characteristic for halogens in compounds? Explain speciality of fluorine.  

14. Describe the chemical properties of halogens.  

15. Write the mechanism of chain reaction between chlorine and hydrogen. 

16. Hydrogen halides: write formulas and characterize their reducing properties. 

17. Preparation of hydrochloric, hydrobromic, hydroiodic and hydrofluoric acids. 

18. Which of the hydrogen halides (HF, HCl, HBr, HI) react with sulfuric acid? Write 

reactions. 
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19. Complete and balance equations for the following reactions: 

1) КМnО4 + КВr + Н2SО4  →                 6) НІ  +  О2  → 

2) NaF + AlF3  →                                     7) РІ3  +  Н2О   →   

3) І2 + НNO3 (conc)   →                           8) Fe  +  Cl2   → 

4)  Fe + НСІ   →                                       9) F2  + H2O → 

5)  F2 + NaOH →                                    10) HCl + KMnO4 → 

20. Iodine is practically insoluble in water but soluble in a solution of KI. Why? 

21. Explain the high reactivity of the mixture of nitric and hydrochloric acids. 

22. What substances – Cu, Fe, Al, Na2SO4, AgNO3, SiO2, Cr2O3, MnO2, KClO3, KMnO4 – 

interact with HCl? Write reactions. 

23. Why hydroiodic acid in air turns brown? 

24. Oxidizing property of OF2. Write the reaction equation of OF2 with dilute sodium 

hydroxide solution. 

25. Explain inability of fluorine to exhibit any oxidation state other than -1 in its 

compounds.  

26. Write the reaction for preparation of chlorine water, bleaching powder.  

27. Write the reaction for preparation of chloric acid, hypochlorous acid. 

28. Write the reaction for decomposition of potassium chlorate, potassium bromate, 

potassium iodate. 

29. Write the reaction for preparation of Cl2O7.  

30. Explain a change of stability, oxidizing and acidic properties in a following row: НСlО 

→ НСlО2 → НСlО3  → НСlО4. 

32. Explain a change of stability, oxidizing and acidic properties in a following row: НСlО 

→ HBrO → НIO. 

33. Explain a change of acidic, oxidizing and reducing properties in a following row: 

НСІО3 → НВrО3 → НІО3. 

34. Which of the oxyacids is most stable? 

35. Complete and balance equations for the following reactions: 

1) Вr2 + Са(ОН)2  →  

2) СlО2  +  КОН  → 

10) HIO3 → 

11) І2 + НNO3(conc.) → 
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3) PBr3 + H2O → 

4) НСl + Р2О5   → 

5) KIO3 + Cl2 + KOH→ 

6) I2 + KOН → 

7) Cl2O6 +H2O →   

8) IF5 + H2O → 

9) H5IO6 → 

12) НСlО3 + НСl → 

13) КВr + КСlО3 + Н2SО4  → 

14) IBr + NaOH → 

15) Cl2 + Br2 → 

16) HClO4 + P2O5 → 

17) KI + O3 + H2O → 

18) KClO4 → 

36. What mass of Berthollet salt can be prepared from 168 g of potassium hydroxide?  

37. Make the reactions necessary for the following transformations: 

 а) NаСl → Сl2 → Са(СlО)2 → СаСО3 → СаО → СаСl2; 

 b) КВr → Вr2 → I2 → KI → К2[ВeІ4]→ ; 

 c) I2 → ICl → HIO → NaIO3 → I2 . 

 

Laboratory work N 1 

Experiment 1. Preparing hydrogen. 

Place small amount of crystalline zinc (Zn) into clean test tube and add 10 drops of 

hydrochloric acid solution (HCl).  

Observation_____________________________________________________________ 

Write the molecular reaction equation ________________________________________ 

___________________________________________________________________ 

 Experiment 2. Reducing properties of hydrogen peroxide 

Transfer 10 drops of potassium permanganate solution (KMnO4) into clean test tube, add 

3-5 drops of sulphuric acid solution (H2SO4) and 3-5 drops of hydrogen peroxide (H2O2). 

Observation_____________________________________________________________ 

Write the molecular reaction equation ________________________________________ 

______________________________________________________________________ 

______________________________________________________________________ 

Experiment 3. Oxidizing properties of hydrogen peroxide 
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Transfer 10 drops of potassium iodide solution (KI) into clean test tube, add 3-5 drops of 

sulphuric acid solution (H2SO4) and 3-5 drops of hydrogen peroxide (H2O2). Then add 2 

drops of starch solution. 

Observation_____________________________________________________________ 

Write the molecular reaction equation _________________________________________ 

________________________________________________________________________

_______________________________________________________________________ 

 

Laboratory work N 2 

Experiment 1. Preparation of chlorine. 

Transfer 10 drops of concentrated hydrogen chloride solution (HCl) into clean test tube 

and add dropwise potassium permanganate solution (KMnO4) until the solution is colored 

in pink. Immerse starch iodide paper in test tube (starch iodide paper can quickly detect 

the presence of strong oxidizing agents such as chlorine, nitrous acid and hydrogen 

peroxide). Note the change of color of starch iodide paper.  

Observation_______________________________________________________________ 

Write the molecular reaction equation _________________________________________ 

________________________________________________________________________ 

 Experiment 2. Comparison of reducing properties of hydrogen halides 

Transfer 10 drops of concentrated sulfuric acid solution (H2SO4) into three test tubes and 

add: in the first test tube – about 1 g of KCl, in the second – about 1 g of KBr, in the third 

– about 1 g of KI.  

Observation_______________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

Write the molecular reaction equation _________________________________________ 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________
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________________________________________________________________________

________________________________________________________________________ 

Experiment 3. The reactions of the qualitative determination of bromide and iodide 

ions  

Transfer 2 drops of silver nitrate solution (AgNO3) into two clean test tubes and add: in the 

first test tube – 5 drops of potassium bromide solution (KBr), in the second – 5 drops of 

potassium iodide solution (KI). 

Observation_______________________________________________________________

________________________________________________________________________ 

Write the reaction equation in the molecular and ionic 

forms____________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

________________________________________________________________________

________________________________________________________________________ 

 

Laboratory work N 3 

Experiment 1. Properties of chlorine water. 

a) reaction with potassium bromide and potassium iodide 

Transfer 5 drops of benzene into two clean test tubes and add: in the first test tube – 

10 drops of potassium bromide solution (KBr), in the second – 10 drops of potassium 

iodide solution (KI). Shake the contents of test tubes. Add 5 drops of chlorine water into 

each test tube. Shake the contents of test tubes again. Note the color of benzene layer. 

Observation_______________________________________________________________

________________________________________________________________________ 

Write the reaction equation in the molecular and ionic forms _______________________ 

________________________________________________________________________

________________________________________________________________________
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________________________________________________________________________

________________________________________________________________________ 

 

 b) oxidation of manganese sulfate  

 Transfer 10 drops of manganese sulfate solution (MnSO4) into clean test tubes, add 

5 drops of chlorine water and 5 drops of sodium hydroxide solution (NaOH).  

Observation_______________________________________________________________ 

Write the reaction equation in the molecular and ionic forms________________________ 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

 

Topic 2. p-elements of the VIA group. Oxygen, Sulfur, Selenium, 

Tellurium. 

 

Questions for admission to the implementation of laboratory works: 

1. Allotropic modification of sulfur. 

2. Write the hydrolysis reactions for salts which undergo hydrolysis in the ionic and 

molecular forms and notice the pH of aqueous solution of these salts (acidic, basic or 

neutral): sodium sulfide (Na2S), sodium sulfite (Na2SO3), aluminum sulfate (Al2(SO4)3).  

3. Chemical properties of sulfur.  

4. Oxidizing and reducing properties of sulfur (IV) oxide.  

5. Preparation of sulfur (IV) oxide. 

6. What substances – CuCl2, MgCl2, Al2(SO4)3, Pb(NO3)2, CaCl2 – interact with H2S? Write 

reactions. 

7. Chemical properties of selenium (interaction with O2, Fe, concentrated HNO3).  

8. Interaction of dilute sulfuric acid with metals. 



9 

 

9. What mass of sulfur can be prepared as a result of reaction between НСl and 1 mole of 

Na2S2O3? 

10. Make the reactions necessary for the following transformations: 

 S → FeS → H2S → H2SO4 → SO2 → S 

11. Give examples of pharmaceutical preparations containing sulfur.  

 

Laboratory work N 4 

 Experiment 1. Reduction properties of sulfites. 

Place 2–3 mL of potassium dichromate solution (К2Сr2О7) into clean test tube, add 3–4 

drops of sulfuric acid solution (H2SO4) and add 3–4 drops of sodium sulfite (Na2SO3).  

Observation_______________________________________________________________

_______________________________________________________________________ 

Write the molecular reaction equation __________________________________________ 

________________________________________________________________________

_______________________________________________________________________ 

 Experiment 2. Properties of sodium thiosulfate. 

 a) Place 1–2 mL of iodine solution (I2) into clean test tube, add 1–2 drops of starch 

solution (solution is colored in dark blue). Dropwise add sodium thiosulfate solution 

(Na2S2O3) to discoloration.  

Write the molecular reaction equation _________________________________________ 

________________________________________________________________________

_______________________________________________________________________ 

 b) Transfer 3–4 drops of sodium thiosulfate solution (Na2S2O3) into clean test tube 

and add 3–4 drops of hydrochloric acid solution (HCl).  

Observation_______________________________________________________________

_______________________________________________________________________ 

Write the molecular reaction equation __________________________________________ 

________________________________________________________________________

_______________________________________________________________________ 

 Experiment 3. The reaction for detection of sulfate ion 
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 Place 1–2 mL of sulfuric acid solution (H2SO4) into clean test tube and add 1–2 

drops of barium chloride solution (BaCl2).  

Observation: ______________________________________________________________ 

Write the molecular reaction equation__________________________________________ 

________________________________________________________________________

______________________________________________________________________ 

 

Topic 3. p-elements of the VA group. Nitrogen. Nitrogen compounds 

in negative oxidation state. 

 

Questions for admission to the implementation of laboratory works: 

1. Electron configuration for Nitrogen atom.  

2. Preparation of Nitrogen. 

3. Chemical properties of Nitrogen.  

4. Describe the structure of a molecule of ammonia. 

5. Chemical properties of ammonia. 

6. Decomposition of ammonium salts on heating. 

7. Write the hydrolysis reactions for following salts in the ionic and molecular forms and 

notice the pH of aqueous solution of these salts (acidic, basic or neutral): (NH4)2SO4, 

CH3COONH4. 

8. What compounds are formed by passing through aqueous solution of ammonia CO2, NO2, 

SO2, Cl2? Write the reactions. 

9. Preparation of hydrazine. Describe the structure of a molecule of hydrazine. 

10. Balance the following redox reactions: 

  a) NH2OH + I2 + KOH → N2 + KI + H2O 

  b) NH2OH + FeSO4 + H2SO4   → Fe2(SO4)3 + (NH4)2SO4 + H2O 

11. Complete and balance equations for the following reactions: 

  a) HN3 + HI →  

  b) HN3 + KМnO4 + H2SO4 →  
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12. Make the reactions necessary for the following transformations: 

  а) N2  → NH3 → (NH4)3PO4 → NH4H2PO4  → NH3 

   b) NH3  → N2H4 → N2H5CI → N2 → Na3N 

   c) NH2OH → NH4Cl → NH3 → N2 → Mg3N2 

   d) HN3 → N2 → NCl3   ? 

 

Laboratory work 5 

 Experiment 1. Preparation and properties of ammonia. 

a) Transfer 4–5 drops of ammonium chloride solution (NH4Cl) into clean test tube and add 2–3 

drops of sodium hydroxide (NaOH). Carefully heat the test tube using Bunsen’s burner. 

Through the test tube opening do as follow: put a wet strip of red litmus paper.  

Observation_______________________________________________________________ 

Write the molecular reaction equation _________________________________________ 

____________________________________________________________________________ 

b) Transfer 3–4 drops of sodium chloride solution (NaCl) into clean test tube and add 1–2 drops 

of argentum nitrate (AgNO3). Dropwise add ammonia solution to resulting precipitate to its 

dissolving. 

Observation_______________________________________________________________ 

Write the molecular reaction equation __________________________________________ 

____________________________________________________________________________ 

c) Transfer 3–4 drops of potassium permanganate solution (KMnO4) into clean test tube and 

add 3–4 drops of ammonia solution. Carefully heat the test tube using Bunsen’s burner. 

Observation_______________________________________________________________ 

Write the molecular reaction equation __________________________________________ 

____________________________________________________________________________

____________________________________________________________________________ 

 Experiment 2. Equilibrium in aqueous ammonia solution and its shift. 

Transfer 7–8 drops of ammonia solution into two clean test tubes and add in each one: 8–10 

drops of distilled water and 1–2 drops of phenolphtalein indicator. Note the color of solutions. 
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In the first test tube add 1–2 microspattles of ammonium chloride. Compare the colors of 

solutions in the first and second test tubes. Make conclusion about equilibrium shift.  

Observation_______________________________________________________________ 

Write the molecular reaction equation __________________________________________ 

____________________________________________________________________________

_____________________________________________________________________________ 

 

Topic 4. p-elements of the VA group. Nitrogen compounds in positive 

oxidation state. Phosphorus and its compounds. Arsen subgroup 

(Arsen, Antimony, Bismuth). 

 

Questions for admission to the implementation of laboratory works: 

1. Write formulas of all nitrogen oxides. Which of them react with Ca(OH)2 solution? 

Write reactions.  

2. Preparation of N2O, NO, NO2.  

3. Write decomposition reactions for following salts: а) NaNO3; b) АgNO3; c) Al(NO3)3; 

d) Рb(NO3)2.  

4. What substances – Р2О5; НСl; С; І2; СаО; Сu; Аl; СО2 – interact with concentrated nitric 

acid? Write reactions. 

5. Complete and balance equations for the following reactions: 

a) Аg  +  НNO3 dilute. →    … 

b) Fe  +  HNO3 dilute. →   … 

6. Complete and balance equations for the following reactions: 

а) HNO2 + Вr2 + H2O →   … 

b) НNO2 + K2Cr2О7 + H2SO4 →   …  

c) KNO2  +  KI  +  H2SO4 →   …   

d) KNO2  +  KМnO4  +  H2SO4 →   … 

7. What volume of NO2 can be prepared as a result of reaction between 300 g НNO3 

(ω(НNO3) 40%) and copper? 
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8. Identify the simplest formula of the substance, using mass fractions of elements: ω (O) = 

56,47 %, ω(N) = 16,47 %, ω (Nа) = 27,06 %.  

9. Make the reactions necessary for the following transformations: 

 а) NO2 → HNO3 → Ba(NO3)2 → KNO3  

 b) NH4NO3 → N2O → N2 → NH3 → NO → N2 

 c) N2 → NO → NO2 → HNO3 → NO2 → N2  

10. Electron configuration for phosphorus atom. 

11. What are the main differences in the chemical properties of nitrogen and phosphorus?  

12. Which of allotropic modifications of phosphorus is the most stable? 

13. Which of allotropic modifications of phosphorus is poisonous? 

14. Preparation of phosphine. 

15. Give examples of compounds containing phosphorus atom with the oxidation state +1. 

Describe their redox properties.  

16. Write formulas of phosphorus oxides.  

17. Chemical properties of phosphorus oxides. Write reactions. 

18. Describe the acidic properties of phosphoric acids. Write reactions. 

19. Write the hydrolysis reactions for following salts in the ionic and molecular forms and 

notice the pH of aqueous solution of these salts (acidic, basic or neutral): Na3PO4, 

(NH4)3PO4, K2(PHO3).  

20. Complete and balance equations for the following reactions: 

1) PH3  +  KМnO4  +  H2SO4   → 

2) H3PO3  +  AgNO3  +  H2O    → 

3) H3PO3  +  Zn  +  H2SO4  → 

4) P + Ca → 

5) H3PO3 + Cl2 + H2O    → 

6) PCl3 + NaOH → 

7) P2O3 + KOH → 

8) PH3 + O2 → 

9) P + HNO3 → 

10) Ca(OH)2 + H3PO3 → 

21. Make the reactions necessary for the following transformations: 

a) calcium phosphate → phosphorus → phosphorus (V) oxide → phosphoric acid → 

sodium phosphate → sodium hydrogen phosphate → barium phosphate  

b) phosphorus → phosphine → phosphorus (V) oxide → phosphoric acid → potassium 

phosphate → calcium phosphate  
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22. Describe electron configuration of Arsen, Antimony and Bismuth.  

23. Oxidation numbers of Arsen, Antimony and Bismuth.  

24. How change nonmetallic and metallic properties in a following row: As→Sb→Bi? 

Write reactions. 

25. Give examples of compounds in which Arsen, Antimony and Bismuth have oxidation 

number  ̶ 3.  

26. Preparation of compounds of Arsen, Antimony and Bismuth with Hydrogen. Compare 

stability of these compounds.  

27. Oxides of Arsen. Describe chemical properties of these oxides.  

28. Oxides of Antimony. Describe chemical properties of these oxides. 

29. Describe redox properties of compounds in which Arsen, Antimony and Bismuth have 

oxidation number +5.  

30. Complete and balance equations for the following reactions: 

1) AsH3  +  KМnO4  +  H2SO4   H3AsO4  +  … 

2) Bi(OH)3 + NaOH + NaClO → 

3) Na3AsO4 + HCl + Zn → 

4) Bi + HNO3(dil) → 

5) Bi(OH)3 + KOH(conc) + Cl2 → 

6) Sb + H2SO4(conc)→ 

7) As2S3 + HNO3(conc) → 

8) As2S3 + (NH4)2S → 

9) Sb(OH)3 + H2SO4 → 

10) Bi + F2 → 

11) SbF5 + HF(conc) → 

12) Bi2O3 + HCl → 

13) As2S5 + O2 →   

14) Bi(OH)3 + HF → 

31. Make the reactions necessary for the following transformations: 

As
0 
→ As

+3
 → As

0
 → As

-3
 →As

+5
 

 

Laboratory work 6 

 Experiment 1. Nitrous acid, nitrites and their properties.  

a) Transfer 3–4 drops of sodium nitrite solution (KNO2) into clean test tube and add 2 drops of 

concentrated sulfuric acid solution (H2SO4).  

Observation_______________________________________________________________ 

Write the molecular reaction equation __________________________________________ 
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____________________________________________________________________________

____________________________________________________________________________ 

b) Transfer 3–4 drops of potassium permanganate solution (KMnO4) into clean test tube, add 

2–3 drops of sulfuric acid solution (H2SO4) and add 2–3 drops of sodium nitrite solution 

(KNO2).  

Observation_______________________________________________________________ 

Write the molecular reaction equation __________________________________________ 

____________________________________________________________________________

____________________________________________________________________________ 

c) Transfer 3–4 drops of sodium nitrite solution (KNO2) into clean test tube, add 2–3 drops of 

sulfuric acid solution (H2SO4), 3–4 drops of potassium iodide solution (KI) and 3–4 drops of 

benzene. Shake contents of test tube.  

Observation_______________________________________________________________ 

Write the molecular reaction equation __________________________________________ 

____________________________________________________________________________

____________________________________________________________________________ 

 Experiment 2. Oxidizing properties of nitric acid. 

Place a small piece of copper shavings into two clean test tubes and add: 3–4 drops of 

concentrated nitric acid solution (HNO3) to the first test tube, 3–4 drops of dilute nitric acid 

solution (HNO3) to the second test tube. Carefully heat using Bunsen’s burner the last one. 

Observation_______________________________________________________________ 

Write the molecular reaction equation __________________________________________ 

____________________________________________________________________________

____________________________________________________________________________ 

 

Laboratory work N 7 

 Experiment 1. Solubility of phosphorus salts.  

Take two clean test tubes and add: 4–5 drops of FeCl3 solution in first test tube, 4–5 drops of 

Аl2(SO4)3 in second test tube. Add 10 drops of СН3СООNа solution and 2–3 drops of  

Nа2НРО4 solution in each one (precipitates are not formed in absence of СН3СООNа). Check 
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precipitates solubility in hydrochloric acid (dropwise add hydrochloric acid to resulting 

precipitates).  

Observation_______________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

Write the molecular reaction equations ________________________________________ 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

 

Laboratory work N 8 

 Experiment 1. Preparation and properties of bismuth hydroxide.  

Take two clean test tubes and transfer in each one: 3–4 drops of salt of bismuth (III) and some 

drops of sodium hydroxide solution (NaOH) until precipitate formation. Then add 3–4 drops of 

nitric acid solution (HNO3) into the first test tube; 3–4 drops of sodium hydroxide solution 

(NaOH) into the second test tube. 

Observation_______________________________________________________________ 

________________________________________________________________________

________________________________________________________________________ 

Write the molecular reaction equation __________________________________________ 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

Conclusion about chemical character of Bi(OH)3_____________________________________ 

____________________________________________________________________________ 

Experiment 2. Redox properties of hexahydroxoantimony acid (V) and its salts.  
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Transfer 3–4 drops of KSb(ОН)6 solution into clean test tube, add 2–3 drops of sulfuric acid 

solution (H2SO4) and add 2–3 drops of potassium iodide solution (KI).  

Observation_______________________________________________________________ 

Write the molecular reaction equation __________________________________________ 

____________________________________________________________________________

____________________________________________________________________________ 

 Experiment 3. Preparation of bismuth (III) iodide. 

Transfer 3–4 drops of bismuth nitrate solution (Bi(NO3)3) into clean test tube, add some drops  

of potassium iodide solution (KI) until precipitate formation. Add again potassium iodide 

solution (KI) until precipitate dissolve.  

Observation_______________________________________________________________ 

Write the molecular reaction equation __________________________________________ 

____________________________________________________________________________

____________________________________________________________________________ 

 

Topic 5. p-elements of the IVA group. Carbon and Silicium. 

Germanium subgroup (Germanium, Stanum, Lead). p-elements of the 

IIIA group. Boron and Aluminium. 

 

Questions for admission to the implementation of laboratory works: 

1. Describe electron configuration of Carbon and Silicum. 

2. Describe types of hybridization for Carbon and Silicum.  

3. Explain the high firmness and infusibility of Silicum (IV) oxide.  

4. Oxidizing or reducing properties are characterized for Carbon and Silicum? 

5. Explain complexing ability of CO. 

6. Explain mechanism of poisonous action of CO. 

7. Complete and balance equations for the following reactions: 

а) СО + Сl2 →  

b) НСООН → 
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c) Fе3О4 + СО → 

8. What substances – Н2О, CaO, BaCO3, NaOH, CO, C, P2O5 – interact with CO2? Write 

reactions. 

9. What substances – CaO, Mg, HCl, NaOH, HF, H2O, Na2CO3 – interact with SiO2? 

Write reactions. 

10. Make the reactions necessary for the following transformations: 

a) С → СО2 → СаСО3 → Са(НСО3)2 → СаСО3  

b) SіО2 → Sі → Nа2SіО3 → Na4SiО4 → SiO2 

c) СаО → СаС2 → Са(ОН)2 → СаСО3 → CaO 

d) Si → Mg2Si → SiH4 → ? → Na4SiO4 

11. Describe electron configuration of Germanium, Stannum, Lead. 

12. What is the difference between the electronic structures of Germanium, Stannum and 

Lead from the electronic structures of Carbon and Silicon?  

13. In which acids can dissolve Germanium, Stannum and Lead? Write reactions.  

14. Write the reactions of Stannum and Lead with alkalis. 

15. Describe amphoteric properties of SnO and PbO. 

16. Preparation of Pb(OH)2, Ge(OH)2, Sn(OH)2. Write reactions. 

17. Complete and balance equations for the following reactions: 

1) PbO2 + HCl → 

2) PbO + Ca(ClO)2 → 

3) Na2[Pb(OH)6] + HCl → 

4) GeO2 + H2O → 

5) SnSO4 + KMnO4 + HCl → 

6) GeS2 + O2 → 

7) Sn + HCl(conc) → 

8) Ge + H2O2 + NaOH → 

9) PbS + H2O2 → 

10) Sn(OH)2 + NaOH → 

11) Pb(OH)2 + H2O2 → 

12) PbO2  +  CaO   
    𝑇   
→   

13) SnO2 + K2O → 

14) SnO + NaOH(conc)+ H2O→ 

19. Describe type of hybridization AO of Boron in molecule BCl3. 

20. Explain paramagnetism B2 using method MO. 

21. What coordination numbers are typical for coordination compounds of Aluminium? 

22. Write reactions of Aluminium with O2, N2, C, S, F2. 

23. Write hydrolysis reactions for following salts: Аl2(SО4)3, Аl(СН3СОО)3, ВF3, ВСl3.  
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24. Complete and balance equations for the following reactions: 

1) B2O3 + C → 

2) Al2O3 + Na2CO3 → 

3) BCl3 + H2 → 

4) Аl(ОН)3 + НСl → 

5) B2O3 + NaOH(dil) → 

6) B + HNO3(conc.) → 

7) B2O3 + Al → 

8) Na[BF4] + H2O → 

9) Аl2(SO4)3 + NaOH(dil) → 

10) BCl3 + H2O → 

11) Аl(ОН)3 + NaOH → 

12) Аl + NаОН + Н2О → 

13) BF3 + KF → 

14) Al(NO3)3 → 

15) B2O3 + HF(conc) → 

16) Аl4C3 + Н2О → 

25. Make the reactions necessary for the following transformations: 

1) В → Н3ВО3 → Na2B4O7 → H3BO3 → B(OC2H5)3 

2) Al2O3 → Al → Al2S3 → Al(OH)3 → Na3 [Al(OH)6] 

3) BCl3 → B → B(OH)3 → B2O3 → H[BF4] 

4)Al → AlCl3 → Al(OH)3 → NaAlO2 → AlCl3 

5) B → B(OH)3 → Na2B4O7 → H3BO3 → BF3 

6) Al2O3 → NaAlO2 → Na3[Al(OH)6] → AlCl3 → Al (OH)3 

7) B2O3 → Na[B(OH)4] → B(OH)3 → H[BF4] 

8) Al → Al(NO3)3 → Al2O3 → Al2(SO4)3 → Al(OH)3 

9) B → BN → B2O3 → BF3 → H[BF4] 

10) Al → Na3 [Al(OH)6] → AlCl3 → Al(OH)3 → NaAlO2 

 

Laboratory work N 9 

 Experiment 1. Preparation and properties of insoluble carbonates.  

Transfer 2–3 drops of calcium chloride solution (CaCl2) into clean test tube, add 2–3 drops of 

sodium carbonate solution (Na2CO3). Divide resulting precipitate into two parts in two test 
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tubes. Then add 5–6 drops of hydrochloric acid solution (HCl) into the first test tube; 5–6 drops 

of sodium hydroxide solution (NaOH) into the second test tube.  

Observation_____________________________________________________________ 

________________________________________________________________________

_______________________________________________________________________ 

Write the reaction equations in the molecular and ionic forms 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

_______________________________________________________________________ 

Experiment 2. Interaction salts of chromium with soluble carbonates.  

Transfer 2–3 drops of chromium (III) sulfate solution (Cr2(SO4)3) into clean test tube, add 2–3 

drops of sodium carbonate solution (Na2CO3). Show that resulting precipitate is chromium (III) 

hydroxide by adding 5–10 drops of sodium hydroxide solution (NaOH). 

Observation_______________________________________________________________

_______________________________________________________________________ 

Write the molecular reaction equation in the molecular and ionic forms  

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 

 Experiment 3. Preparation of insoluble silicate. 

Transfer 3–4 drops of calcium chloride solution (CaCl2) into clean test tube and add 1–2 drops 

of sodium silicate solution (Na2SiO3).  

Observation___________________________________________________________ 

Write the molecular reaction equation in the molecular and ionic forms  
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____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 

 Experiment 4. Hydrolysis of sodium silicate. 

Transfer 4–5 drops of sodium silicate solution (Na2SiO3) into clean test tube and add 2–3 drops 

of phenolphthalein indicator solution.  

Observation___________________________________________________________ 

Write the hydrolysis reaction in the molecular and ionic forms 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

Experiment 5. Hydrolysis of sodium silicate in the presence of ammonium chloride. 

Transfer 3–4 drops of sodium silicate solution (Na2SiO3) into clean test tube and add 3–4 drops 

of ammonium chloride solution (NH4Cl).  

Observation_______________________________________________________________ 

Write the molecular reaction equation 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

Laboratory work N 10 

 Experiment 1. Preparation and properties of stannum (II) hydroxide.  

Take two clean test tubes. Transfer 3–5 drops of stannum (II) chloride solution (SnCl2) and 5–6 

drops of sodium hydroxide solution (NaOH) in each one. Then add 3–5 drops of hydrochloric 

acid solution (HCl) into the first test tube, and 3–5 drops of sodium hydroxide solution (NaOH) 

into the second test tube.  

Observation___________________________________________________________ 

________________________________________________________________________ 
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Write the reaction equations  

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

_______________________________________________________________________ 

Experiment 2. Impress of stannum from its salt solution  

Transfer 5–10 drops of stannum (II) chloride solution (SnCl2) into clean test tube and add small 

granule of zinc (Zn). 

Observation_______________________________________________________________

_____________________________________________________________________ 

Write the molecular reaction equation  

____________________________________________________________________________

____________________________________________________________________________ 

 Experiment 3. Reducing properties of Sn
2+

 

Take two clean test tubes. Transfer 1–3 drops of iron (III) chloride solution (FeCl3), 1–3 drops 

of К3[Fe(CN)6] solution, 5–6 drops of distilled water in each one. Notice color of prepared 

solutions. The first test tube keep for comparison. Add 2–4 drops stannum (II) chloride solution 

(SnCl2) into the second test tube. Notice the change of solution color.  

Observation_______________________________________________________________

_______________________________________________________________________ 

Write the molecular reaction equations for  

a) reducing of iron (III) chloride by stannum (II) chloride; 

b) interaction of iron (II) chloride with К3[Fe(CN)6] 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 

 Experiment 4. Preparation and properties of lead (II) hydroxide. 

Take two clean test tubes. Transfer 2–3 drops of lead (II) nitrate solution (Pb(NO3)2) and some 

drops of sodium hydroxide solution (NaOH) in each one (until precipitate form). Then add 4–5 
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drops of acetic acid solution (CH3COOH) into the first test tube, and 4–5 drops of sodium 

hydroxide solution (NaOH) into the second test tube. 

Observation_______________________________________________________________

_______________________________________________________________________ 

Write the molecular reaction equations 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 

Experiment 5. Preparation of slightly soluble lead (II) salts. 

Take two clean test tubes. Transfer 4–5 drops of lead (II) nitrate solution (Pb(NO3)2) in each 

one. Add into the first test tube some drops of potassium iodide solution (KI) until precipitate 

form; then add 3–5 drops of acetic acid solution (CH3COOH) and carefully heat until 

precipitate dissolve. After cooling you can see formation of crystals of lead iodide (PbI2). Add 

into the second test tube 5–6 drops of potassium chromate solution (K2CrO4). 

Observation_______________________________________________________________

________________________________________________________________________ 

Write the molecular reaction equations 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

Laboratory work N 11 

 Experiment 1. Preparation and properties of aluminium hydroxide.  

Transfer 3–5 drops of aluminium salt solution into clean test tube and add 2–3 drops of sodium 

hydroxide solution (NaOH). Resulting precipitate divide into two clean test tubes. Then add 3–

5 drops of hydrochloric acid solution (HCl) into the first test tube, and sodium hydroxide 

solution (NaOH) into the second test tube until precipitate dissolve.  

Observation___________________________________________________________ 
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________________________________________________________________________ 

Write the reaction equations  

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

_______________________________________________________________________ 

Experiment 2. Preparation of slightly soluble salts of aluminium 

Transfer 3–5 drops of aluminium salt solution into clean test tube and add sodium phosphate 

solution (Na3PO4). 

Observation_______________________________________________________________

_______________________________________________________________________ 

Write the molecular reaction equation  

____________________________________________________________________________

____________________________________________________________________________ 

 

Topic 6. s-elements of the I group. Alkali metals. s-elements of the II 

group. Beryllium, Magnesium and alkaline earth metals. 

 

Questions for admission to the implementation of laboratory works: 

1. Describe electron configurations and energy diagrams of elements of the I group: 

lithium, sodium, potassium, rubidium, caesium. 

2. Which of the following salts undergo hydrolysis? Write hydrolysis reactions in the 

molecular and ionic forms.  

1) Nа2СО3 

2) Li2SO4 

3) NaHCO3 

4) NaClO 

5) Li2CO3 

6) CH3COONa 

7) Nа3РО4 

8) KHSO3 

9) K2S 

10) KNO3 

11) KNO2 

12) NaNO3 

13) NaClO4 

14) LiCl 

15) Li2CO3 
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3. Which of the following formulas belonging to alkalis: Ве(ОН)2, Мg(ОН)2, Сu(ОН)2, 

NаОН, Ва(ОН)2? 

4. Complete and balance equations for the following reactions: 

1) Li + H2 → 

2) K +NH3 → 

3) Li + S → 

4) Na + H2O 

5) Rb2CO3 + H2O + CO2 → 

6) K2O2 + HCl(розб) → 

7) Na2O2 + H2O(хол.) → 

8) NaNO3 
   𝑇   
→   

9) Cs + S→ 

10) KO2 + NO2 → 

11) NaH + Cl2 → 

12) K +NH3 → 

13) Na2O2 + S → 

14) K + H2O → 

15) CsO2 + CO → 

16) Cs + I2 → 

5. Make the reactions necessary for the following transformations: 

1) Li → LiH → LiCl → LiOH → Li2CO3 

2) Na →NaNH2 → NaOH → Na2SO4 → NaCl  

3) K → KO2 → K2CO3 → KHCO3 → KCl 

4) Rb → Rb2O2 → RbCl → Rb2SO4 → RbOH 

5) Cs → Cs2S → Cs2SO4 → CsOH → CsCl   

6. Describe electron configurations and energy diagrams of elements of the II group: 

magnesium, calcium, barium and beryllium. 

7. What volume of CO2, measured under normal conditions, formed by the thermal 

decomposition of 10 g CaCO3.  

8. Complete and balance equations for the following reactions: 

1) CaH2 + H2O → 

2) Be + HCl → 

3) Sr + H2 → 

4) BaO + H2O → 

5) Ba(NO3)2 
     𝑇   
→      

6) Be2C + H2 
     𝑇   
→    

7) SrS + CO2 + H2O → 

12) MgCO3 + CO2 + H2O → 

13) BaCl2 + Na2SO4 → 

14) Ca + N2 → 

15) CaC2 + H2O → 

16) Mg+ SiO2 → 

17) MgSO4 + NaOH → 

18) Mg + NH3 → 

19) MgO + Al2O3 → 
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8) Mg3N3 + HCl → 

9) Ca + HNO3 →   

10) CaCO3 + H2S → 

11) Be(OH)2 + NaOH → 

20) Mg2Si + HCl → 

21) BeO + Na2O → 

22) CaSO4 + Na2CO3 → 

9. Make the reactions necessary for the following transformations: 

1) Ca → CaO → Ca(OH)2 → CaCl2 → CaCO3 

2) BeO → Be → BeCl2 → Be(OH)2 → Na2[Be(OH)4] 

3) MgO → Mg → Mg3N2 → Mg(OH)2 → MgCl2 

4) Sr → Sr(OH)2 → SrS → SrCO3 → Sr(HCO3)2 

5) Ba → BaH2 → BaO → BaCO3 → Ba(OH)2  

 

Laboratory work N 12 

 Experiment 1. The characteristic yellow-color of the flame for sodium ions.  

Nichrome wire immersed in a NaCl solution. Then nichrome wire put into the flame. 

Observation_____________________________________________________________ 

______________________________________________________________________ 

Experiment 2. Interaction of potassium salts with sodium hexacianocobaltate 

Place 1–2 drops of KCl solution on the glass slide. Near place 1–2 drops of sodium 

hexacianocobaltate solution (Na3[Co(CN)6]). Mix drops of KCl solution and sodium 

hexacianocobaltate solution using glass stick. 

Observation_______________________________________________________________

_______________________________________________________________________ 

Write the molecular reaction equation  

____________________________________________________________________________

____________________________________________________________________________ 

 

Laboratory work N 13 

 Experiment 1. Interaction CaCl2 with (NH4)2C2O4.  
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Place 0,5–1 mL of CaCl2 solution into clean test tube and add 0,5–1 mL of (NH4)2C2O4 

solution. Resulting precipitation divide into two test tubes. Add СН3СООН solution into the 

first test tube and HCl solution into the second test tube.  

Observation______________________________________________________________ 

________________________________________________________________________ 

Write the molecular reaction equations  

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

Experiment 2. Interaction BaCl2 with H2SO4  

Place 0,5–1 mL of BaCl2 solution into clean test tube and add 0,5–1 mL of H2SO4 solution. 

Resulting precipitation divide into two test tubes. Add HCl solution into the first test tube and 

HNO3 solution into the second test tube. 

Observation______________________________________________________________ 

________________________________________________________________________ 

Write the molecular reaction equations  

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 

Experiment 3. Interaction BaCl2 with Na2CO3  

Place 0,5–1 mL of BaCl2 solution into clean test tube and add some drops of Na2CO3 solution. 

Resulting precipitation divide into two test tubes. Add HCl solution into the first test tube and 

NaOH solution into the second test tube. 

Observation______________________________________________________________ 

________________________________________________________________________ 

Write the molecular reaction equations  
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____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

Experiment 4. Interaction MgCl2 with NaOH 

Place 0,5–1 mL of MgCl2 solution into clean test tube and add 0,5–1 mL of NaOH solution. 

Resulting precipitation divide into two test tubes. Add HCl solution into the first test tube and 

NH4Cl solution into the second test tube. 

Observation_____________________________________________________________ 

________________________________________________________________________ 

Write the molecular reaction equations  

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 

 

Topic 7. General characteristics of d-elements. d-elements of the IB 

group. Copper, Argentum, Aurum. d-elements of the IIB group. Zinc, 

Cadmium, Mercury. 

 

Questions for admission to the implementation of laboratory works: 

1. Describe electron configurations of d-elements of the IB group: copper, argentum, 

aurum.  

2. In which of acids one can dissolve copper, argentum and aurum? Write the 

corresponding chemical reactions.  

3. Explain the process of dissolution of gold (aurum) in the "aqua regis" (nitrohydrochloric 

acid) and write reaction equation. 

4. Complete and balance equations for the following reactions: 
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1) Ag + H2SO4(conc)→ 

2) Сu + O2 
     𝑇   
→    

3) Cu + S 
     𝑇   
→    

4) Au + H2SeO4(conc.) 
     𝑇   
→    

5) СuSO4  +  КІ  → 

6) Cu + O2 + H2O + CO2 → 

7) Au + O2 + KCN + H2O → 

8) Ag + O2 + H2S → 

9) AgNO3  +  Na2CO3  → 

10) Ag2O + HNO3 → 

11) Ag2O 
     𝑇   
→    

12) CuO + CO 
     𝑇   
→    

13) Cu(OH)2 + N2H4 → 

14) Au(OH)3 + HCl → 

15) CuSO4 + SO2 + NaCl + H2O→ 

 

5. Write the complexation reactions. Give the name for each complex compound.  

1) CuSO4 + NH3∙H2O → 

2) CuI + NH3∙H2O → 

3) Cu2S  + KCN → 

4) AgCl + Na2S2O3 → 

5) AgCl + NH4SCN → 

6) AgBr + NH3∙H2O → 

7) AgI + KCN → 

8) AuCl3 + HCl → 

6. Make the reactions necessary for the following transformations: 

1) Cu → CuSO4 → CuO → Cu2O → Cu(NO3)3 

2) Сu → Сu(NО3)2  → СuО → Сu(ОН)2 →  СuSО4 

3) Cu2O → Cu2S → CuSO4 → CuO →Cu 

4) Ag → AgNO3 → Ag2O → AgCl → K[Ag(CN)2] 

5) AgNO3 → Ag2O → AgBr → K[Ag(CN)2] → Ag2S 

6) Ag2S → Ag → Ag2SO4 → Ag2O → AgCl  

7) Au → AuCl3 → Au2O3 → H[AuCl4] →Au  

7. Make the reactions necessary for the following transformation: 

8) Zn → ZnCl2 → Zn(OH)2 → Na2[Zn(OH)4]. 

8. Write reactions between zinc and concentrated sulfuric acid, zinc oxide and sodium 

hydroxide.  
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9. Describe chemical properties of zinc hydroxide.  

10. Write reaction between cadmium sulfite and ammonia solution.  

11. Write reaction between mercury and concentrated nitric acid.  

 

Laboratory work N 14 

 Experiment 1. Oxidizing properties of copper (II) substances.  

a) Place granule of zinc (or iron) into copper (II) salt solution.  

Observation___________________________________________________________ 

____________________________________________________________________ 

Write the molecular reaction equation  

____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 

b) Transfer 2 drops of copper (II) sulfate solution (CuSO4) into clean test tube and add 2 

drops of potassium iodide solution (KI). Note the color of resulting precipitate. Then add 

some drops of sodium sulfite solution (Na2SO3).  

Observation___________________________________________________________ 

____________________________________________________________________ 

Write the molecular reaction equations  

____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 

Experiment 2. Preparation and properties of copper hydroxide and argentum hydroxide  

a) Place 2–3 mL of copper sulfate solution (CuSO4) into clean test tube and add sodium 

hydroxide solution (NaOH). Resulting precipitation divide into three test tubes. Add 2–3 mL of 

hydrochloric acid solution (HCl) into the first test tube, 2–3 mL of sodium hydroxide solution 

(NaOH) into the second test tube, third test tube carefully heat. 

Observation_____________________________________________________________ 

________________________________________________________________________ 

Write the molecular reaction equations  
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____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

b) Place some drops of sodium hydroxide solution (NaOH) into clean test tube and add 1–2 

drops of argentum nitrate solution (AgNO3). Resulting precipitation divide into two test tubes. 

Add some drops of hydrochloric acid solution (HCl) into the first test tube, some drops of 

ammonia solution (NH4OH) into the second test tube.  

Observation_____________________________________________________________ 

________________________________________________________________________ 

Write the molecular reaction equations  

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 

Experiment 3. Preparation of complex compounds of copper and argentum  

a) Place 2–3 drops of copper sulfate solution (CuSO4) into clean test tube and add 1–2 drops of 

ammonia solution (NH4OH) until precipitate is formed. Then add ammonia solution (NH4OH) 

until precipitate is dissolved.  

Observation_____________________________________________________________ 

______________________________________________________________________ 

Write the molecular reaction equations  

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 

b) Transfer 3–4 drops of argentum nitrate solution (AgNO3) into clean test tube and add 4–5 

drops of hydrochloric acid solution (HCl). Note the color of resulting precipitate. Then add 

8–10 drops of ammonia solution (NH4OH).  
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Observation_____________________________________________________________ 

_______________________________________________________________________ 

Write the molecular reaction equations  

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

Experiment 4. Hydrolysis of copper (II) and argentum (I) salts 

Put into copper sulfate solution (CuSO4) and argentum nitrate solution (AgNO3) litmus paper 

and note the color. 

Observation___________________________________________________________ 

____________________________________________________________________ 

Write the reactions of hydrolysis in molecular and ionic forms  

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

 

Laboratory work N 15 

 Experiment 1. Preparation and properties of zinc hydroxide.  

Transfer some drops of zinc (II) chloride solution (ZnCl2) into clean test tube and add 

sodium hydroxide solution (NaOH) to precipitate formation. Then add an excess of sodium 

hydroxide solution.  

Observation_____________________________________________________________ 

_______________________________________________________________________ 

Write the reaction equations in the molecular and ionic forms  

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 
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Experiment 2. Complex compounds of zinc 

Transfer some drops of zinc (II) chloride solution (ZnCl2) into clean test tube and add 

ammonium hydroxide solution (NH4OH) to precipitate formation. Then add an excess of 

ammonium hydroxide solution to dissolve the precipitate. 

Observation___________________________________________________________ 

____________________________________________________________________ 

Write the reaction equations in the molecular and ionic forms 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

Experiment 3. Hydrolysis of salts of zinc 

On a strip of universal indicator paper, apply a drop of solution of zinc chloride. 

Determine the pH of salt solution.  

Observation_____________________________________________________________ 

_______________________________________________________________________ 

Write the hydrolysis reactions in molecular and ionic forms  

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 

 

Topic 8. d-elements of the VІB group. Chromium subgroup. 

 

Questions for admission to the implementation of laboratory works: 

1. Preparation of chromium from chromium (III) oxide. Write reactions.  

2. What oxides are formed as result of burning chromium, molybdenum and wolfram? 

Write reaction equation. 
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3. Make the reactions necessary for the following transformation: 

Cr2O3 → CrСl3 → К2CrO4 → К2Cr2O7 → Cr2(SO4)3 

4. What volume of chlorine is formed as result of reaction between one mole of potassium 

dichromate and hydrochloric acid? 

5. Write reaction equation between chromium (III) sulfate and sodium carbonate.  

6. Write the reaction equation: 

  Сr2(SO4)3 + Br2  + NaOH → 

К2Сr2O7 + FeSO4 + H2SO4→ 

7. What is the biological role of chromium and molybdenum as trace elements? 

 

Laboratory work N 16 

 Experiment 1. Preparation and properties of chromium (III) hydroxide.  

Take two clean test tubes. Transfer 5 drops of chromium salt solution and 5 drops of 

ammonia solution into each one. Then add some drops of sulfuric acid solution (H2SO4) 

into the first test tube and some drops of sodium hydroxide solution (NaOH) into the 

second test tube.  

Observation___________________________________________________________ 

____________________________________________________________________ 

Write the reaction equations in the molecular and ionic forms  

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 

Experiment 2. Oxidizing properties of potassium dichromate 

Transfer 5 drops of potassium dichromate solution (K2Cr2O7) into clean test tube, add 5 

drops of sulfuric acid solution (H2SO4) and 5 drops of potassium iodide solution (KI). 

Then add 2−3 drops of organic solvent and mix contents of test tube.  

Observation___________________________________________________________ 

____________________________________________________________________ 

Write the reaction equation 
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____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 

Experiment 3. Conversion of the chromate into the dichromate and vice versa 

Transfer 5−6 drops of potassium chromate solution (K2CrO4) into clean test tube and add 

3−4 drops of sulfuric acid solution (H2SO4). Note the color of the resulting solution. Then 

add some drops of potassium hydroxide solution (KOH) until color is changed.  

Observation_____________________________________________________________ 

_______________________________________________________________________ 

Write the reaction equation 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 

 

Topic 9. d-elements of the VІІB group. Manganese subgroup. 

 

Questions for admission to the implementation of laboratory works: 

1. Write reaction equation between manganese sulfate and potassium hydroxide (in the 

air), manganese sulfate and ammonia sulfide, manganese sulfate and potassium 

permanganate (neutral medium).  

2. Write reaction equation of preparation from manganese sulfate the following 

substances: 

  a) manganese (II) hydroxide; 

  b) manganese (IV) oxide; 

  c) potassium manganate.  

3. Write reaction equation of preparation from potassium permanganate the following 

substances: 

  a) manganese (II) sulfate; 
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  b) manganese (IV) oxide; 

  c) potassium manganate.  

4. Write reaction equation which characterized oxidizing properties, reducing properties 

and redox properties of potassium manganate.  

5. Write reaction equation of preparation of potassium manganate. 

 

Laboratory work N 17 

 Experiment 1. Preparation and properties of manganese (II) hydroxide.  

Transfer 3−4 drops of manganese (II) salt solution into clean test tube and 2−3 drops of 

alkali solution. Stir resulting precipitate with glass stick until browning of precipitate.  

Observation_____________________________________________________________ 

_______________________________________________________________________ 

Write the reaction equation 

____________________________________________________________________________

____________________________________________________________________________ 

Experiment 2. Oxidizing and reducing properties of manganese (IV) oxide 

a) oxidizing properties 

Place 1 microspatula of manganese (IV) oxide (MnO2) into clean test tube and add 2−3 

drops of concentrated hydrochloric acid solution (HCl).  

Observation_____________________________________________________________ 

_______________________________________________________________________ 

Write the reaction equation 

____________________________________________________________________________

____________________________________________________________________________ 

b) reducing properties 

Place 1 microspatula of manganese (IV) oxide (MnO2) into clean test tube, add 2−3 drops 

of concentrated potassium hydroxide solution (KOH) and add 1 microspatula of potassium 

nitrate solution (KNO3). Carefully heat.  

Observation______________________________________________________________ 

_______________________________________________________________________ 
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Write the reaction equation 

____________________________________________________________________________

___________________________________________________________________________ 

___________________________________________________________________________ 

Experiment 3. Decomposition of potassium permanganate 

Place 3−4 crystals of potassium permanganate (KMnO4) into clean test tube. Carefully heat. 

After cooling add 5−6 drops of water. Note the color of the resulting solution.  

Observation_____________________________________________________________ 

_______________________________________________________________________ 

Write the reaction equation 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

Experiment 4. Reducing of potassium permanganate by sodium sulfite in different 

medium 

 Take three test tubes. Transfer 3−5 drops of potassium permanganate solution 

(KMnO4) in each one. Then add 2−3 drops of sulfuric acid solution (H2SO4) and 3−4 

drops of sodium sulfite solution (Na2SO3) into the first test tube; sodium sulfite solution 

(Na2SO3) into the second test tube; 3−4 drops of sodium hydroxide solution (NaOH) and 

3−4 drops of sodium sulfite solution (Na2SO3) into the third test tube. 

Observation___________________________________________________________ 

____________________________________________________________________ 

Write the reaction equation 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________
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____________________________________________________________________________

____________________________________________________________________________ 

 

Topic 10. d-elements of the VІІІB group. Iron and its compounds. 

Cobalt and Nickel. Platinum metals. 

 

Questions for admission to the implementation of practical and laboratory works: 

1. What substances –  H2S, HCl, Mg, Sn, BaCl2, NaCl, CuCl2, KMnO4 (in the presence of 

H2SO4), NaOH – interact with iron (II) sulfate? Write chemical equations for 

corresponding reactions.  

2. Make the reactions necessary for the following transformation: 

Fe → FeSO4 → Fe2(SO4)3  → Fe(OH)3 → Fe(NO3)3  

3. What is ferrate (IV)? Write the equation reaction: 

Fe(OH)3 + Cl2 + NaOH (conc.) → 

4. Write the equation reaction: 

Fe2O3 + Na2CO3 → 

Fe(ОН)3 + НСl → 

5. Write coordination compounds using the following data: 

 a) central ion – Fe
3+

; 

 b) coordination number – 6; 

 c) ligands – NH3; 

 d) outer sphere – ions Cl
−
.  

6. Write reaction equation of oxidation of iron (II) hydroxide employing sodium 

hypochlorite (NaClO).  

7. Write reaction equation between iron and dilute sulfuric acid (in the cold), between iron 

and concentrated sulfuric acid (upon heating).  

8. What substances –  H2S, HCl, Mg, Sn, BaCl2, NaCl, CuCl2, KMnO4 (in the presence of 

H2SO4), NaOH – interact with cobalt (II) sulfate? Write chemical equations for 

corresponding reactions.  

9. Write the equation reaction: 
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Со(ОН)3 + Н2SО4 (dil.) → 

Nі(ОН)3 + НСl → 

CоВr2 + О2  + КОН + Н2О → 

NiSO4 + KCN → 

Pt + HNO3 + HCl → 

Os + O2 → 

Ru + Cl2 → 

Os + F2 → 

Pt(OH)4 + NaOH → 

10. Write coordination compounds using the following data: 

 a) central ion – Co
3+

, Ni
2+

; 

 b) coordination number – 6; 

 c) ligands – NH3; 

 d) outer sphere – ions Cl
−
.  

11. Write reaction equation between platinum (IV) hydroxide and potassium hydroxide, 

platinum (IV) hydroxide and hydrochloric acid.  

12. Write reaction equation of oxidation of cobalt (II) hydroxide and nickel (II) hydroxide 

employing sodium hypochlorite (NaClO).   

 

Laboratory work N 18 

 Experiment 1. Preparation and properties of iron (II) hydroxide.  

Transfer 3−4 drops of Mohr’s salt solution (NH4)2Fe(SO4)2) into clean test tube and add 

2−3 drops of sodium hydroxide solution (NaOH). Observe the color changing of 

precipitate over time.  

Observation______________________________________________________________ 

_______________________________________________________________________ 

Write the reaction equation 

____________________________________________________________________________

___________________________________________________________________________ 

Experiment 2. Reducing properties of iron (II) compounds 
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Transfer 3−4 drops of Mohr’s salt solution (NH4)2Fe(SO4)2) into clean test tube, add 2−3 

drops of dilute sulfuric acid (H2SO4) and 3−4 drops of potassium permanganate solution 

(KMnO4).  

Observation_____________________________________________________________ 

______________________________________________________________________ 

Write the reaction equation 

____________________________________________________________________________

____________________________________________________________________________ 

Experiment 3. Preparation and properties of iron (III) hydroxide. 

Take two clean test tubes. Transfer 2−3 drops of iron (III) salt solution and add 5−10 drops 

of sodium hydroxide solution (NaOH) into each one. Note the color of the resulting 

precipitate. Then add 3−4 drops of hydrochloric acid solution (HCl) into the first test tube 

and 3−4 drops of sodium hydroxide solution (NaOH) into the second test tube.  

Observation_____________________________________________________________ 

______________________________________________________________________ 

Write the reaction equation 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 

Experiment 4. Oxidizing properties of iron (III) compounds 

Transfer 3−4 drops of iron (III) salt solution into clean test tube and add 3−4 drops of 

potassium iodide solution (KI). 

Observation_____________________________________________________________ 

______________________________________________________________________ 

Write the reaction equation 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

Experiment 5. Qualitative reactions on Fe
2+

 and Fe
3+

 ions. 



41 

 

a) transfer 3−4 drops of Mohr’s salt solution (NH4)2Fe(SO4)2) into clean test tube and add 

5−10 drops of potassium ferricyanide solution К3[Fe(CN)6]. Note the color of resulting 

precipitate. 

Observation_____________________________________________________________ 

_______________________________________________________________________ 

Write the reaction equation 

____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 

b) transfer 3−4 drops of iron (III) salt solution into clean test tube and add 5−10 drops of 

potassium ferrocyanide solution К4[Fe(CN)6]. Note the color of resulting precipitate. 

Observation___________________________________________________________ 

____________________________________________________________________ 

Write the reaction equation 

____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 

c) transfer 3−4 drops of iron (III) salt solution into clean test tube and add 5−10 drops of 

potassium thiocyanate solution (KSCN) or ammonium thiocyanate solution (NH4SCN). 

Note the color of resulting precipitate. 

Observation___________________________________________________________ 

_____________________________________________________________________ 

Write the reaction equation 

____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 

 

Laboratory work N 19 

 Experiment 1. Preparation and properties of cobalt (II) hydroxide and nickel (II) 

hydroxide.  
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Take two clean test tubes. Transfer 3−4 drops of nickel (II) chloride solution (NiCl2) into 

the first clean test tube and add 5−6 drops of sodium hydroxide solution (NaOH).  

Transfer 3−4 drops of cobalt (II) nitrate solution (Co(NO3)2) into the second clean test 

tube, add 5−6 drops of sodium hydroxide solution (NaOH) and then add 5−10 drops of 

hydrogen peroxide solution (H2O2).  

Observation_____________________________________________________________ 

________________________________________________________________________

________________________________________________________________________ 

Write the reaction equation 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 

Experiment 2. Preparation of ammonia complexes of cobalt (II) and nickel (II) 

Take two clean test tubes. Transfer 3−4 drops of nickel (II) chloride solution (NiCl2) into 

the first clean test tube and add ammonium hydroxide solution (NH4OH) to precipitate 

formation, then add an excess of ammonium hydroxide solution to dissolve the precipitate. 

Transfer 3−4 drops of cobalt (II) nitrate solution (Co(NO3)2) into the second clean test tube 

and add ammonium hydroxide solution (NH4OH) to precipitate formation, then add an 

excess of ammonium hydroxide solution to dissolve the precipitate. 

Observation_____________________________________________________________ 

________________________________________________________________________

________________________________________________________________________

______________________________________________________________________ 

Write the reaction equation 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________
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____________________________________________________________________________

____________________________________________________________________________

___________________________________________________________________________ 

Add 2−3 drops of hydrogen peroxide solution (H2O2) to the second test tube. Observe the 

color changing of precipitate.  

Observation___________________________________________________________ 

______________________________________________________________________ 

Write the reaction equation 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 



 

 



 

 

 


