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The list of questions for the exam on the course "General and inorganic chemistry"

Theoretical questions

І. General chemistry

1. Basic concepts of chemistry: chemical element, atom, molecule, simple substance, complex substance, isotope, allotropic modification, relative atomic mass of an element, relative molecular mass of an element, mole, molar mass.

2. The basic laws of chemistry: the law of conservation of mass, the law of multiple relations, the law of volumetric relations, the law of Avogadro and the consequences of it.

3. Equivalent, equivalent mass of a simple substance and an element in a compound. Equivalent volume. The law of equivalents.

4. Equivalent and equivalent mass of a complex substance (oxide, acid, base, salt). Calculations of equivalent and equivalent mass of H2SO4.

5. Equivalent and equivalent mass of the oxidizing agent and reducing agent in the conditions of the redox reaction

6. The structure of the atom. The modern quantum mechanical theory of the structure of the atom. Atomic nucleus. Atomic orbitals.

7. Quantum numbers. The physical meaning of the main quantum number. The physical meaning of the orbital (secondary, azimuthal) quantum number. Give the value of the orbital quantum number for the values ​​of the principal quantum number n = 2 and n = 4 Write the electronic formulas of the atoms of elements with serial numbers 25 and 33.

8. Principles and rules that determine the order in which electrons fill atomic orbitals in many electronic atoms: the principle of least energy, Klechkovsky's rules, Pauli's principle. Write the electron-graphic formulas of the atoms of magnesium, oxygen, chromium. Add valence electrons.

9. The periodic law and the periodic system of elements Mendeleev - the first and modern formulation. Electronic families, groups, subgroups, periods. The frequency of changes in the chemical and physical properties of elements. Electron. Internal and secondary frequency.

10. Definition of concepts: group, subgroup, period of the periodic system of elements. Indicate which electrons are called valence. What is the role of valence electrons in the formation of a chemical bond using SO3 as an example.

11. Chemical bonding. Types of chemical bonds and formation mechanisms (with examples). Valence, the valence of the elements. The properties of the covalent bond are saturation, directivity, polarity. Multiplicity of communication. Give examples.

12. Chemical bonding. Types of chemical bonds. Ion bond. Metal bond. Hydrogen bond.

13. The degree of oxidation of elements: determination, the minimum and maximum degree of oxidation of elements, the rules for determining the degree of oxidation of elements (with examples).

14. The chemical theory of solutions of D. I. Mendeleev. The concept of solvates and hydrates.

15. Solutions. Ways to express the concentration of solutions. Mass fraction. Molar concentration. Units of their measurement. The titer of the solution.

16. Solutions. Ways to express the concentration of solutions. Volume fraction. The molar concentration of the equivalent. Units of their measurement.

17. Electrolytic dissociation. Strong, weak and medium strength electrolytes. Give examples.

18. Oxides: definition, classification and nomenclature of oxides. Mining and chemical properties of oxides with examples. Peroxides, peroxide, ozonides.

19. Reasons: definition, classification and nomenclature. Obtaining and chemical properties of the bases with examples. Dissociation of bases in aqueous solutions.

20. Acids: definition, classification and nomenclature. Obtaining and chemical properties of acids with examples. Dissociation of acids in aqueous solutions.

21. Salts: definition, classification and nomenclature. Getting salts. The chemical properties of salts are exemplified. Dissociation of salts in aqueous solutions.

22. Hydrolysis of salts. Definition of the mechanism of hydrolysis. Conditions under which salts are hydrolyzed. Types of hydrolysis (with examples). Special cases of hydrolysis. The shift in the balance of hydrolysis.

23. Redox reactions (determination). Indicate which substances are called oxidizing agents and which are called reducing agents, give examples. Indicate the most important oxidizing agents and reducing agents in pharmaceutical practice. Types of redox reactions (with examples).

24. Using KMnO4 as an example, determine the role of the medium in redox reactions. Explain why dilute sulfuric acid is used to create an acidic environment, not nitrate or chloride.

25. Complex compounds: definition, basic concepts (complex ion, ligand, coordination number). Classification and nomenclature of complex compounds. The external and internal spheres of the complex, the charge of the complex particle, the dissociation of complex compounds.
II. Inorganic chemistry

26. Elements of the ІА group of the Periodic system. General characteristics, distribution in nature. Features of hydrogen. Production of alkali metals and hydrogen. Physical and chemical properties of hydrogen and elements of a subgroup of alkali metals. Provide examples to confirm. Biological significance and application in medicine and pharmacy.

27. Elements of the IIA group of the Periodic system. General characteristics, distribution in nature. Special properties of beryllium and its compounds .. Preparation. Physical and chemical properties of elements of group IIA. Give examples. Biological significance and application in medicine and pharmacy.

28. Elements of group III of the Periodic system. General characteristics. Boron - oxidation states, valency, abundance in nature, allotropic modifications. Physical and chemical properties of boron (confirmed by equations of chemical reactions). Boron compounds - oxygen (oxides, hydroxides) boron hydrides; boron halides. Biological significance and application in medicine and pharmacy.

29. Elements of group III of the Periodic system. General characteristics. Aluminum - oxidation state, valency, prevalence in nature. Physical and chemical properties of aluminum (confirmed by equations of chemical reactions). The most important aluminum compounds: oxide, hydroxide, halides. Biological significance and application in medicine and pharmacy.

30. Elements of the IVA group of the Periodic system. General characteristics. Carbon - distribution in nature, allotropic modifications. Physical and chemical properties of carbon (confirmed by equations of chemical reactions). Oxygen compounds of carbon - oxides and hydroxides (chemical formulas, systematic and trivial names, properties, characteristics). Biological significance and application in medicine and pharmacy.

31. Elements of the IVA group of the Periodic system. General characteristics. Silicon - distribution in nature, allotropic modifications. Physical and chemical properties of silicon (confirmed by equations of chemical reactions). Silicon oxygen compounds - oxides and hydroxides (chemical formulas, systematic and trivial names, properties, characteristics). Biological significance and application in medicine and pharmacy.

32. Elements of IVA group of the Periodic system. General characteristics of the elements of the subgroup Germany: Germany, Stanum (Tin), lead (Lead) - distribution in nature, allotropic modifications. Physical and chemical properties (confirmed by equations of chemical reactions). Oxides and hydroxides of elements of the subgroup  of Germany (chemical formulas, systematic and trivial names, properties, characteristics). Biological significance and application in medicine and pharmacy.

33. Elements of the VA group of the Periodic system. General characteristics of the elements of the VA group. Nitrogen - oxidation, valency, prevalence in nature, production. The main difference between nitrogen and other elements of the VA group. Physical and chemical properties (confirmed by equations of chemical reactions). Hydrogen compounds of nitrogen. Ammonia. Nitrogen oxides and hydroxides (chemical formulas, systematic and trivial names, properties, characteristics). Biological significance and application in medicine and pharmacy.

34. Elements of the VA group of the Periodic system. General characteristics of the elements of the VA group. Phosphorus - oxidation, valency, prevalence in nature, production. Physical and chemical properties (confirmed by equations of chemical reactions). Hydrogen phosphorus compounds. Oxides and hydroxides of phosphorus (chemical formulas, systematic and trivial names, properties, characteristics). Biological significance and application in medicine and pharmacy.

35. Elements of the VA group of the Periodic system. General characteristics of arsenic subgroup elements. Arsen, Stibium, Bismuth - oxidation states, valencies, natural compounds, production, simple substances. Physical and chemical properties (confirmed by equations of chemical reactions). Oxides and hydroxides of arsenic subgroup elements (chemical formulas, systematic and trivial names, properties, characteristics). Biological significance and application in medicine and pharmacy.

36. Elements of the VІА group of the Periodic system. General characteristics of the elements of the VIA group. Oxygen - oxidation state, valency, prevalence in nature, simple substances, production. The main difference between oxygen and other elements of the VIA group. Physical and chemical properties (confirmed by equations of chemical reactions). Biological significance and application in medicine and pharmacy.

37. Elements of the VІА group of the Periodic system. General characteristics of the elements of the VIA group. Sulfur - oxidation state, valency, prevalence in nature, simple substances, production. Physical and chemical properties (confirmed by equations of chemical reactions). Hydrogen sulfide. Sulfides. Sulfur oxides. Oxygen-containing sulfur acids - chemical formulas, names, characteristics. Thiosulfate acid. Thiosulfates. Biological significance and application in medicine and pharmacy.

38. Elements of the VІІА group of the Periodic system. General characteristics of the elements of the VІІА group. Halogens. Fluorine. The main difference between Fluorine and other elements of the VІІА group. Physical and chemical properties of halogens (confirmed by equations of chemical reactions). Hydrogen chloride. Chloride acid. Chlorine oxides. Oxygen-containing chlorine acids: chemical formulas, names, strength and stability, redox activity. Biological significance and application in medicine and pharmacy.

39. Elements of the VІІА group of the Periodic system. General characteristics of the elements of the VІІА group - Bromine, Iodine. Degrees of oxidation, valency, natural compounds, production. Physical and chemical properties (confirmed by equations of chemical reactions). Bromide and iodide acids. Oxides of Bromine and Iodine. Oxygen-containing acids of Bromine and Iodine: chemical formulas, names, strength and stability, redox activity. Biological role and application in medicine and pharmacy.

40. Elements of the VIB group of the Periodic system. General characteristics, oxidation states, valencies, natural compounds, production. Physical and chemical properties (confirmed by equations of chemical reactions). Chromium oxides. Chromatic and dichromatic acids. Chromates and dichromates. Mutual conversion of chromates to dichromates and vice versa. Potassium dichromate - oxidizing properties, schemes for the restoration of potassium dichromate depending on the acidity of the medium (confirmed by equations of chemical reactions). Biological role and application in medicine and pharmacy.

41. Elements of the VІІВ group of the Periodic system. General characteristics, oxidation states, valencies, natural compounds, production. Physical and chemical properties (confirmed by equations of chemical reactions). Manganese oxides and hydroxides. Potassium permanganate - oxidizing properties, recovery schemes of potassium permanganate depending on the acidity of the medium (confirmed by equations of chemical reactions). Biological role and application in medicine and pharmacy.

42. Elements of the VIIIIII group of the Periodic system. General characteristics of the elements of the iron triad, oxidation state, valency, natural compounds, production. Physical and chemical properties of iron (confirmed by equations of chemical reactions). Iron (II) compounds. Iron compounds (ІІІ). Reactions for the qualitative determination of ions Fe2 +, Fe3 +, Co2 +.

Examples of practical and design tasks for the exam

discipline "General and inorganic chemistry"
1. Give the value of the orbital quantum number for the values ​​of the principal quantum number n = 2 and n = 4 Write the electronic formulas of the atoms of elements with serial numbers 25 and 33.

2. Using the rules of Klechkovsky, determine the sequence of filling the atomic orbitals of Potassium, Scandium, Galium. Write their electronic formulas. Explain which electronic family these elements belong to.

3. Write the electronic formulas of the potassium and copper atoms. Indicate why they are in different subgroups and differ in chemical properties.

4. Add the number of free valence d-orbitals and the number of unpaired electrons in the atoms of phosphorus, sulfur and chlorine in the excited state. Indicate which electronic family these elements belong to.

5. Write the electronic formulas of magnesium and strontium atoms, Mg2 + and Sr2 + ions. Indicate to which electronic family these elements belong and which of them has more pronounced metallic properties.

6. According to the BC method, explain the type of chemical bond and the type of hybridization of oxygen AO in the water molecule.

7. Add the type of hybridization of AO nitrogen in the ammonia molecule. What is the geometric configuration of this molecule? What is the valency and oxidation state of nitrogen in ammonia?

8. Write the electronic formulas of the atoms of sodium, magnesium, aluminum, silicon and chlorine. Add the type of chemical bond in the molecules of NaCl, MgCl2, AlCl3, SiCl4.

9. Calculate the mass of water that must be added to 3 kg of a hydrogen peroxide solution with a mass fraction of 30% to obtain a solution with a mass fraction of 3%.

10. Calculate the molar concentration of the perchloric acid solution with a mass fraction of 25% if its density is 1.2 g / ml.

11. Write the molecular equation for the hydrolysis of sodium sulfide.

12. Write the hydrolysis equations of Al2 (SO4) 3 and Al2S3.

13. Write the molecular and ionic equations for the hydrolysis of SbCl3.

14. Write the reaction equation and select the coefficients by the electron-ion method: NH3 + KMnO4 →.

15. Finish the reaction equation and select the coefficients by the electron-ion method: KI + KIO3 + H2SO4 →. Calculate the equivalent masses of the oxidizing agent and reducing agent.

16. Finish the reaction equation and select the coefficients by the electron-ion method: KBr + MnO2 + H2SO4 →. Determine the equivalent weight of the reducing agent.

17. Complete the reaction equations and select the coefficients by the electron-ion method:

H2S + KMnO4 + H2SO4 → S +. . .

  NaNO2 + KMnO4 + H2O →

Indicate the type of redox reactions. Calculate the equivalent and equivalent mass of KMnO4.

18. Write the equation for the formation of the complex compound in the interaction of aluminum hydroxide with an excess of sodium hydroxide solution. Determine the charge of the complexing agent, the type of complex.

19. Finish the reaction equations and select the coefficients by the half-reaction method:

As + HNO3 (q) →; Al + HNO3 (dec) →.

20. Determine the charge of the complex ion and the coordination number of iron ions in the compounds: Na3 [FeF6] and K4 [Fe (CN) 6]. Write the equations of the primary and secondary dissociation of the complexes.

21. Determine the charge of the complex ion, the oxidation state of the complexing agent, and its coordination number in the compounds: [Cr (OH2) 5Cl] Cl2; [Pt (NH3) 4Cl2] Br2; K3 [Co (NO2) 6]. Name these compounds.

22. Write the reaction equations and name the interaction products:

 AgCl + NH3 →, FeSO4 + KCN →, Cr (OH) 3 + NaOH →.

23. Make the transformations: B  B2O3  H3BO3  Na2B4O7  H3BO3

24. Finish the reaction equations, determine the coefficients by the half-reaction method: As + HNO3 (к) , Al + HNO3 (p) .

25. Finish the reaction equations and determine the coefficients by the electron-ion method: I2 + HNO3 (к) , As + HNO3 (к) . Give the resulting compounds the traditional names.

26. Get potassium bismuthate by reaction: BiCl3 + Cl2 + KOH . Determine the coefficients by the half-reaction method.

27. Write the equation for the reaction of sodium nitrite with potassium iodide in an acidic environment. Select the coefficients using the half-reaction method.

28. Write the equation of reaction for the production of ammonia from nitrogen, ammonium chloride, lithium nitride. Indicate the type of hybridization of the nitrogen orbitals in the ammonia molecule.

29. Make the equations of reactions of interaction of the diluted and concentrated sulfate acid with calcium. Select the coefficients using the half-reaction method. Calculate the equivalent mass of the oxidizing agent.

30. Prove the redox duality of the sulfite ion by reactions with potassium permanganate and hydrogen sulfide. Select the coefficients using the half-reaction method.

31. Write the equation for the reaction of dissolution of sulfur in concentrated nitric acid. Select the coefficients using the half-reaction method.

32. Write the equation of the reaction of hydrogen peroxide and potassium iodide with potassium permanganate in a dilute sulfate acid medium. Select the coefficients by electron-ion method.

33. Perform the conversions: Fe  FeSO4  Fe (OH) 2  Fe (OH) 3  FeCI3  KFe [Fe (CN) 6]

34. Perform the conversions: Co  Co (NO3) 2  Co (OH) 2  [Co (NH3) 6] (OH) 2

35. Write the molecular and ionic equations of hydrolysis of salts of NiCl2 and Fe (NO3) 3.
36. Perform the conversions: Cu  CuSO4  (CuOH) 2SO4  [Cu (NH3) 4] SO4  CuS

37. Perform the transformations: Hg  Hg2 (NO3) 2  Hg (NO3) 2  HgI2  K2 [HgI4]

38. Perform the transformations: As2O3  AsH3  As2O3  H3AsO3  H3AsO4  H3AsO3

39. Perform the transformations: B  H3BO3  Na2B4O7  H3BO3  B (OC2H5) 3

40. Perform the transformations: Fe  FeSO4  Fe2 (SO4) 3  FeOHSO4  Fe2 (SO4) 3  K3 [Fe (CN) 6]

41. Calculate the equivalent mass of iron (III) chloride, if 1.355 g of it interacts without residue with 1 g of sodium hydroxide, the equivalent mass of which is 40 g / mol.

42. Calculate the mass of water that must be added to 200 ml of a solution of nitric acid with a mass fraction of 70% (density 1.4 g / ml) to obtain a solution with a mass fraction of 10%.

43. Find the molar concentration of the solution, 2 l of which contains 12.6 g of nitric acid.

44. Calculate the molar and molar concentration of the equivalent of a solution in 200 ml of which contains 4.9 g of sulfuric acid.

45. Calculate the mass of CuSO4 * 5H2O necessary to take for the preparation of 1 liter of 1 n solution.

46. ​​Write the electronic configuration of the atoms of chromium, sodium and sulfur in the ground and excited state. Characterize with quantum numbers such orbitals: 3d, 4s, 5f.

47. Write the electronic configuration of the atoms of iron, calcium and chlorine in the ground and excited state. Characterize with quantum numbers such orbitals: 2p, 1s, 5d.

48. Write the electronic configuration of the atoms of manganese, strontium and oxygen in the ground and excited state. Characterize with quantum numbers such orbitals: 3p, 6s, 5d.

49. Write the electronic configuration of silver, rubidium, and phosphorus atoms in the ground and excited states. Characterize with quantum numbers such orbitals: 7d, 3d, 5p.

50. CaCl2 * 6H2O crystalline hydrate, weighing 25 g, was dissolved in 200 ml of water. Determine the mass fraction of CaCl2 in the solution.

51. 400 g of MgSO4 * 7H2O crystalline hydrate were taken to prepare a 5% solution of magnesium sulfate. Determine the mass of the resulting solution.

52. Determine how many grams of crystalline hydrate Na2SO4 * 10H2O must be dissolved in 800 g of water to get a 10% solution of sodium sulfate.

53. To a solution of sulfate acid with a volume of 250 ml (mass fraction of acid 12%, density 1.08 g / ml) was added water weighing 120 g. Determine the mass fraction of sulfate acid in the resulting solution.

54. Determine the mass of calcium chloride solutions with mass fractions of 2% and 10% required for the preparation of a solution weighing 1 kg with a mass fraction of salt of 5%.

55. To a solution of sulfate acid with a volume of 100 ml and ω (H2SO4) = 50% (ρ = 1.40 g / ml) was added a solution of H2SO4 with a volume of 100 ml and ω (H2SO4) = 10% (ρ = 1.07 g / ml ) For the resulting solution, calculate the mass fraction, normal and molar concentrations.

56. Determine the mass fraction of sodium sulfate in the solution obtained by dissolving 40 g of glauber's salt (sodium sulfate decahydrate) in 440 ml of water.

57. Determine the mass of CuCl2 salt needed to prepare 400 g of a 20% solution.

58. A 250 ml H2SO4 solution with ω = 20% (ρ = 1.07 g / ml) was added to a 100 ml sulfate acid solution with ω = 50% (ρ = 1.4 g / ml). For the resulting solution, determine the mass fraction, molar and normal concentration.

59. Determine the molar and normal concentration of BaCl2 solution, with a volume of 500 ml and a salt mass of 200 g

60. Determine the mass fraction of zinc sulfate in the solution obtained by dissolving 56 g of zinc sulfate (zinc sulfate heptahydrate) in 494 ml of water.

61. What volume of a 30% solution of Na2S (ρ = 1.22 g / ml) must be taken to prepare 400 ml of an 18% solution (ρ = 1.15 g / ml). For the stock solution, determine the molar and normal concentration.

62. Determine the mass of iron (II) sulfate heptahydrate needed to prepare 300 g of a solution with ω (FeSO4) = 42%.

63. How much water should be added to 200 ml of a 30% KCl solution (ρ = 1.92 g / ml) to obtain a 16% solution (ρ = 1.6 g / ml). For the resulting solution, determine the molar and normal concentration.

64. Calculate the volume of the solution obtained by preparing a 0.5 M solution with 140 g of CuSO4.

65. Determine the mass of sodium tetraborate Na2B4O7 * 10H2O required to prepare 500 g of a solution with ω (Na2B4O7) = 36%.

66. Calculate the mass of the substance necessary to obtain 600 ml of a solution of iron (III) nitrate with a molar concentration of 0.2 M.

67. Perform the conversion:
C→CO2→CaCO3→ Ca(HCO3)2→ CaCO3→ CaO→CaCl2→AgCl
Fe→FeCl3→Fe(OH)Cl2→Fe(OH)3→Fe2(SO4)3→Fe(OH)3→Fe2O3
S→SO2→SO3→CaSO4→ Ca(HSO4)2→ CaSO4→CaCO3→CO2→CO
Cr→Cr2O3→Cr2(SO4)3→Cr(OH)SO4→ Cr(OH)3→Cr2O3→Na3CrO3
Na→NaOH→Na2SO4→NaHSO4→Na2SO4→BaSO4
Mg→MgO→MgCl2→Mg(OH)Cl→Mg(OH)2→MgO→MgBr2
Na→Na2O→NaOH→Na2CO3→ CaCO3→ Ca(HCO3)2→ CaCO3→ CaO→ CaCl2
N2→N2O5→HNO3→Ca(NO3)2→CaCO3→CaO→Ca(OH)2→CaOHCl→ CaCl2
Fe(OH)3→Fe2O3→FeCl3→FeOHCl2→ Fe(OH)3→Fe2O3→NaFeO2
Cu→CuO→Cu(NO3)2→Cu(OH)2→CuOHCl→CuCl2→Cu(NO3)2
Mg→MgO→MgCl2→Mg(OH)Cl→Mg(OH)2→MgO→MgBr2
