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The list of questions for the exam on the course "Analytical chemistry"

1. The subject and tasks of analytical chemistry. The importance of analytical chemistry in the training of pharmaceutical analysts.
2. Characterization of qualitative chemical analysis. Classification of analysis methods (partial and systematic, by the amount of the determined substance, method of execution: microcrystalloscopic, drip analysis, flame staining reactions).
3. Analytical properties of substances and analytical reactions. Requirements for analytical reactions. Types of analytical reactions.
4. General, group and specific reagents.
5. Analytical classification of cations into groups: sulfide, ammonia-phosphate and acid-base. The criteria underlying the separation of cations into groups. Group reagents, requirements for them, the role of group reagents in the analysis of a mixture of cations. Advantages and disadvantages of these classifications.
6. Acid-base classification of cations. Group reagents.
7. The main provisions of the theory of solutions of strong electrolytes.
8. The application of the law of the acting masses (LAM) in analytical chemistry. The main types of equilibrium that are used in analytical chemistry. The constant of chemical equilibrium.
9. Heterogeneous equilibria in the sediment-saturated solution of sparingly soluble electrolytes and their role in analytical chemistry. The product of solubility and its relationship with solubility.
10. Conditions for dissolving precipitates of sparingly soluble strong electrolytes (salt effect, pH, complexation).
11. Acid-base equilibrium and their role in analytical chemistry. The Bronsted-Lowry proteolytic theory. Type protoliths.
12. The main provisions of the theory of solutions of weak electrolytes, the degree and constant of dissociation, their relationship. Protolytic equilibrium in water.
13. Characterization of the strength of weak acids and bases. Constants of acidity, basicity and their indicators. Calculation of pH for solutions of weak acids and weak bases.
14. Protolytic equilibria in buffer systems. Types of buffer systems and their characteristics, pH calculation. Give examples of buffer systems in a qualitative analysis.
15. Protolytic equilibrium in non-aqueous media. Classification of solvents. Autoprotolysis constant. Differentiating and leveling effect of solvents. The use of non-aqueous solvents in the analysis.
16. Redox equilibrium and their role in analytical chemistry. Application of the law of the acting masses to redox equilibrium. Equilibrium constant.
17. Redox potentials (standard, real, formal). The effect of the concentration of reagents, pH, and other factors on the value of redox potentials and the direction of redox reactions.
18. The use of redox reactions to determine cations and anions.
19. General characteristics of complex compounds. Equilibrium in solutions of complex compounds. The stability and instability constants of complex compounds, the relationship between them.
20. The use of complexation reactions with inorganic ligands in a qualitative analysis for the separation, determination, masking of ions. Give examples.
21. Group reagent for the I analytical group of cations, especially its use. Analytical reactions of cations of the II analytical group: Na+, K+, NH4+. Write the reaction equations and the conditions for their detection.
22. Group reagent for the II analytical group of cations, especially its use. Analytical reactions of cations of the II analytical group: Ag+, Pb2+, Hg22+. Write the reaction equations and the conditions for their detection.
23. Group reagent for the III analytical group of cations, especially its use. Analytical reactions of cations of the III analytical group: Ва2+,Са2+, Sr2+. The conditions for their detection.
24. Group reagent for the IV analytical group of cations, especially its use. Analytical reactions of cations of the IV analytical group: Al3+, Cr3+, As (III), (V). Write the reaction equations and the conditions for their detection.
25. Group reagent for the V analytical group of cations, especially its use. Write the equations for the reactions of detection of Fe3+, Mn2+, Bi3+.ions.
26. Group reagent for the VI analytical group of cations, especially its use. Write the equations for the reactions of detection of ions Cu2+, Ni2+, Hg2+.
27. Classification of anions into groups (by the ability to form sparingly soluble compounds and redox properties). Group reagents, a feature of the use of group reagents in the analysis of a mixture of anions.
28. Analytical reactions of I group anions: SO42-; SO32-; S2O32-; CO32-; C2O42-; PO43-: CrO42- (Cr2O72-); AsO43-; AsO32-; BO2- (B4O72-).The conditions for their detection.
29. Analytical reactions of II group anions: Cl-; Br-; I-;S2- SCN-. The conditions for their detection.
30. Analytical reactions of III group anions: NO3-; NO2-; CH3COO-. The conditions for their detection.
31. Analytical reactions of anions of organic acids: tartaric, benzoic, citric, salicylic. The conditions for their detection.
32. Carry out an analysis and write the equations for the reactions of detection of the following cations in their joint presence:
As3+, Mn2+, Bi3+
Zn2+, Mg2+, Cd2+ 
K+, Sr2+, Cr3+ 
Ag+ , Hg2+ , Cu2+ 
Ва2+,Са2+, Sr2+ 
Al3+, As3+, Mg2+ 
Al3+, Cr3+, Ni2+ 
Ag+, Pb2+, Hg22+ 
Pb2+, Cr3+, Co2+ 
Fe3+, Mn2+, Bi3+. 
Al3+, Cr3+, As (III), (V).
Al3+ , Fe3+  ,Co2+
33. Carry out an analysis and write the reaction equations for the detection of the following anions when they are together:
S2-, NO2-, NO3-
Cl-,  I-, NO3- , 
Cl-, Br-, І-
SO42- , CO32- , SO32-
34 Perform an analysis of a mixture of dry salts, write the equations for the reactions of detection of the corresponding cations and anions:
Pb(CH3COO)2 and AlCl3
Hg(NOa)2 and CuCl2 
Pb(CH3COO)2 and A12(S04)3 
Bi(N03)3 and Cr2(SO4), 
NH4NO3 and MnSO4 
SbCl3 and Co(NO3)2 
AgNO3 and SnCl2 
KNO3 and BaCl2 
CrCl3 and Kl 
Mg(NO3) and ZnSO4
35. Titrimetric analysis. Requirements for reactions that are used in titrimetric analysis. Classification of methods.
36. The concentration of solutions, calculations in the titrimetric analysis (C%, Cm, Sn, T, TT /s).
37. Preparation and standardization of titrants for standard substances and standard solutions.
38. Methods of titration: direct, back and substitution. Examples of reactions.
39. The method of acid-base titration. Titrants. standard substances for standardizing acids and alkalis. Indicators of the acid-base titration method. Ways to choose them.
40. Acid-base titration in non-aqueous media. Solvents and indicators of non-aqueous titration. Write examples.
41. Methods of redox titration. Classification of methods. Reactions requirements.
42. The equilibrium constant of the redox reaction, its effect on the completeness of the reaction.
43. The method of permanganometric titration. Titrants and primary standards. Method capabilities (determination of reducing agents, oxidizing agents, indifferent substances). Conjugate reactions. Concepts: inductor, actor, acceptor by the example of permanganometric determination of Fe (II)
44. Method of iodometric titration. Titrants method. Method capabilities (example definitions)
45 Method of bromatometric titration. Titrants method. Examples of definitions. method capabilities
46 Method of iodine chloride titration. Titrants method. Examples of definitions. Advantages and disadvantages compared to iodimetry.
47 Dichromatometric titration method. Titrants. Method indicators Method features. Examples of definitions (reducing agents, oxidizing agents and other substances), advantages of the method.
48 Method of nitritometric titration. Titrants. Method features. Examples of definitions. Conditions for nitrite determination.
49 Cerimetry. Titrants. Method features. The disadvantages and advantages of the method compared to permanganometry.
50 Precipitation titration methods. Requirements for the reactions that are used in the method. Construction of titration curves.
51 Argentometry, Mohr's method. Characterization and capabilities of the method. Titrants. Indicators. Titration conditions. Examples of definitions.
52 Thiocyanatometric titration. Titrants. Folhard’s method, its essence and titration conditions.
53 Adsorption indicators in argentometry. Faience method, its essence and titration conditions.
54 Complexometric titration. Indication of the end point of the titration. The principle of operation of metalchrome indicators. Give examples. Complexometric determination of water hardness.
55 Gravimetric analysis. Sedimentary and gravimetric forms. Requirements for them. Stages of gravimetric determination. Calculations in gravimetric analysis.
56 Using quantification methods to quantify chemicals and medicines.

Examples of calculation tasks

1. Calculate the ionic strength of the solution obtained by mixing equal volumes of 0.06 M solutions of ammonium sulfate and ammonium chloride.
2. Calculate the ionic strength, determine the value of the activity coefficient and the active concentration of Al3 + and Cl- ions in 0.1 M AICI3 solution.
3. Calculate the pH of a 0.001 M hydrochloric acid solution without and taking into account the ionic strength of the solution.
4. Calculate at what pH the precipitation of magnesium hydroxide begins with a 0.1 M solution of its salt. If, SP = 6 • 10-10.
5. Calculate the solubility product of silver chloride if the concentration of the saturated solution is 
1.33 • 10-5 mol / l.
6. Calculate the solubility product of calcium phosphate, if it is known that 1 liter of a solution saturated at 18 ° C contains 2.215 • 10-4 g of salt.
7. Is a precipitate of barium sulfate formed when merging equal volumes of 2 • 10-14 M solutions of barium chloride and sodium sulfate?
8. Calculate how many times the solubility (in g / l) of lead carbonate in pure water is greater than its solubility in a 0.01 M sodium carbonate solution?
9. Calculate the pH of 0.1 M solutions of hydrochloric acid and sodium hydroxide. Indicate how it will change when diluting solutions 100 times.
10. Calculate the concentration of formate ions in a solution, 1 liter of which contains 0.1 mol of formic acid and 0.01 mol of hydrochloric acid, considering the dissociation of the latter acid to be complete.
11. Calculate the concentration of hydrogen ions and the pH of the solution obtained by mixing 20 ml of a 0.05 M solution of nitrous acid and 30 ml of a 1.5 M solution of sodium nitrite
12. Calculate the constant and degree of hydrolysis of a 0.01 M potassium formate solution if 
C (HCOOH) = 1.8 • 10-4.
13. Calculate the concentration of complexing agent and ammonia ions in a 0.1 M solution of copper (II) tetraamine sulfate (C inst[Cu (NH3) 4] 2+ = 9.33 • 10-13).
14. Will the silver iodide precipitate dissolve in the potassium cyanide solution? (C inst K[Ag(CN)2] =
 l, 41 • 10-20).
15. Determine the redox potential of the system: Cr2O7 + 14Н+ + 6е ↔ 2Cr3+ + 7Н2O,, if the ion concentration in the solution is equal to: 1) [Cr2O32-] = 1 mol / l; [Cr3 +] = 0.1 mol / l; [H +] = 1 mol / l.
16. Calculate the value of Ceq, evaluate the direction and completeness of the reaction:
SO42- + 2I- + 2Н+ ↔ SO32- + I2 + H2O at pH = 1.
17. At what values of electromotive force (EMF) and Ceq does the reaction: 
AsO2- + I2 + 2Н2O ↔ HAsO42- + 2I- + 3Н+ go in the forward direction?
18. Is it possible to oxidize by the action of potassium dichromate in an acidic medium: a) Fe2 + to Fe3+; b) Mn2 + to MnO4-; c) SO32- to SO42-

19. Calculate the weighed portion (m) of sodium tetraborate decahydrate (M =
 381.4 g / mol) to prepare 200.0 ml of 0.05000 n. solution.
20. A mass of sodium carbonate 1.083 g was dissolved in a volumetric flask with a capacity of 200.0 ml. Calculate the titer and molar concentration of the resulting solution.
21. To 20 ml of a 0.1 M NaOH solution was added 10 ml of a 0.1 M HCl solution. Calculate the pH of the resulting solution.
22. Calculate the molar concentration of the equivalent, titer, and correction factor of the sodium hydroxide solution if 19.50 ml of this solution was consumed for titration of 20.00 ml of a 0.05075 M solution of oxalic acid.
23. A portion of an ammonium salt weighing 1,000 g was treated with an excess of concentrated NaOH solution. The ammonia released was absorbed into 50.00 ml of a 1.072 M HCl solution and the excess acid was titrated with 25.40 ml of NaOH (T (NaOH) = 0.004120 g / ml). Calculate the mass fraction (in%) of NH3 in the sample.
24. A sample of a mixture of NaOH and Na2CO3 1.8017 g was dissolved in a 500.0 ml volumetric flask. For titration of 25.00 ml of the solution in the presence of phenolphthalein, 20.50 ml is consumed, and in the presence of methyl orange, 21.53 ml of a 0.1035 M HCl solution is consumed. Calculate the mass fraction (in%) of Na2CO3 in the sample.
25. When determining calcium by the gravimetric method, the following CaO results were obtained (in%): 12.86; 12.90; 12.93; 12.84. Calculate the standard deviation in the determination of calcium.
26. Aluminum from an aluminum sulfate solution was precipitated as oxyquinolinate, the precipitate was filtered off, washed, and dissolved in HCl. 8-oxyquinoline released after the addition of potassium bromide was titrated with potassium bromate solution with methyl red indicator. Calculate the concentration (in mg / ml) of the metal salt solution if 23.00 ml of 0.1085 n was spent on titration of the 25.00 ml of the analyzed solution. potassium bromate solution.
27. Determine the mass fraction (in%) of antimony (III) oxide in the analyzed sample containing impurities if a weighed mass of 0.6215 g was dissolved in hydrochloric acid and spent 12.50 ml of 0.05000 n on its titration. potassium bromate solution.
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