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1. Consider the reaction

Mg(s) + I
2
(s)  →  MgI

2
(s)

Identify the limiting reagent in each of the reaction mixtures below:

a.  100 atoms of Mg and 100 molecules of I2 b.  150 atoms of Mg and 100 molecules of I2

c.  200 atoms of Mg and 300 molecules of I2 d.  0.16 mol Mg and 0.25 mol I2

e.  0.14 mol Mg and 0.14 mol I2 f.   0.12 mol Mg and 0.08 mol I2

g.  6.078 g Mg and 63.455 g I2 h.  1.00 g Mg and 2.00 g I2

i.   1.00 g Mg and 20.00 g I2

Ans: (a) Stoichiometric mixture. Neither is limiting (b) I2 is limiting

(c) Mg is limiting (d) Mg is limiting

(e) Stoichiometric mixture. Neither is limiting (f) I2 is limiting

(g) Stoichiometric mixture. Neither is limiting (h) I2 is limiting

(i) Mg is limiting

2. Consider the reaction

2H
2
 (g)+ O

2
(g) → 2H

2
O (g)

Identify the limiting reagent in each of the reaction mixtures given below:

a.  50 molecules H
2
 and 25 molecules O2 b.  100 molecules H2 and 40 molecules O2

c.  100 molecules H2 and 100 molecules O2 d.  0.50 mol H2 and 0.75 mol O2

e.  0.80 mol H2 and 0.75 mol O2 f.  1.0 g H2 and 0.25 mol O2

g. 5.00 g H2 and 56.00 g O2

Ans: (a) Stoichiometric mixture. Neither is limiting (b) O2 is limiting

(c) H2 is limiting (d) H2 is limiting

(e) H2 is limiting (f) Stoichiometric mixture. Neither is limiting

(g) H2 is limiting

3. Ammonia is produced from the reaction of nitrogen and hydrogen according to the following balanced
chemical equation:

N2(g) + 3H2(g) →→→→→ 2NH3(g)

Limiting Reactants And Percent Yield
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a. What mass of ammonia is produced from a mixture of 1.00 × 103 g of N2 and 5.00× 102 g of H2?

b. What mass of which starting material remains unreacted?

Ans: (a) 1210 g NH3 (b) 290 g H2 is unreacted

4. A student prepared aspirin a laboratory experiment using the reaction.

2C7H6O3 + C4H6O3 →→→→→ 2C9H8O4 + H2O

The student reacted 1.50 g salicylic acid with 2.00 g of acetic anhydride. The yield was 1.50 g of aspirin.
Calculate the theoretical yield and the percent yield for this experiment.

Ans: The theoretical yield is: 1.96 g aspirin; % yield ; 76.5%

5. Hexamethylenediamine, C6H16N2, is one of the starting materials for the production of nylon. It can be
prepared form adipic acid, C6H10O4, by the following overall reaction:

C6H10O4(l) + 2NH3(g) + 4H2(g) →→→→→ C6H16N2(l) + 4H2O(l)

a. What mass of hexamethylenediamine, can be produced from 1.00 × 103 g of adipic acid?

b. What is the percent yield if 765 g of hexamethylenediamine is made from 1.00 × 103 g of adipic acid?

Ans: (a) 795 g HMD (b) % yield: 96.2%

6. Aspirin (acetylsalicylic acid) is prepared by heating salicylic acid, C7H6O3, with acetic anhydride, C4H6O3.
The other product is acetic acid, C2H4O2.

C7H6O3+C4H6O3 →→→→→ C9H8O4 + C2H4O2

What is the theoretical yield (in grams ) of aspirin, C9H8O4, when 2.00 g of salicylic acid is heated with
4.00g of acetic anhydride? If the actual yield of aspirin is 2.10 g, what is the percentage yield?

Ans: 2.61 g is the theoretical yield; 80.5%

7. Methanol, CH3OH, is prepared industrially from the gas-phase catalytic reaction,

CO(g) +2H2(g) →→→→→ CH3OH(g)

In a laboratory test, a reaction vessel was filled with 35.4 g CO and 10.2 g H2. How many grams of
methanol would be produced a complete reaction? Which reactant remains unconsumed at the end of the
reaction? How many grams of it remain?

Ans: 40.5 g CH3OH; H2 remains; 5.1 g H2

8. Potassium superoxide, KO2, is used in rebreathing gas masks to generate oxygen.

4KO2(s) + 2H2O(l) →→→→→ 4KOH(s) + 3O2(g)

If a reaction vessel contains 0.15 mol KO2 and 0.10 mol H2O, what is the limiting reactant? How many
moles of oxygen can be produced?

Ans: KO2 is the limiting reactant; 0.11 moles of oxygen

9. If 2.60 g of NaBr are dissolved in enough water to make 160 mL of solution, what is the molar concentration
of NaBr? How many milliliters of 0.120 M NaBr would you need to supply 2.60 g of NaBr?

Ans: 0.158 M; 211 mL

10. For each of the following solutions, tell how many grams of solute would be necessary for its preparation.

a. 0.10 L of 0.10 M AgNO3                              b. 5.0 mL of 0.05 M NaCN c. 0.10 L of 0.10 M BaCl2
Ans: (a) 1.7 g      (b) 0.01g      (c) 2.1g

11. What is the molar concentration of the solute in each of the following solutions?

a. 0.50 L containing 5.6 g of NaClO4 b. 0.10 L containing 2.3 g of KNO3

c. 0.25 L containing 1.5 g of C4H8O

Concentration of Solution
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Ans: (a) 0.92 M NaClO4 (b) 0.23 M KNO3

(c) 0.083 M C4H8O

12. For each of the following solutions, give the concentration of each ion in solution.

a. 1.0 M NaBr b. 0.50 M Na3PO4

c. 0.10 M ZnCl2
Ans: (a) [Na+] = [Br–] = 1.0 M (b) [Na+] = 1.5 M and [PO4

3–]

(c) [Zn2+] = 0.10 M and [Cl–] = 0.20 M

13. You are given a flask containing 0.50 M CuSO4, and you need 100 mL of 0.15 M CuSO4. How much of the
0.50 M solution must you use to prepare the required solution?

Ans: 30 mL

14. If you dilute 50.0 mL of 0.300 M HCl with water to a total volume of 300 mL, what is the HCl  concentration
in the dilute solution?

Ans: 0.0500 M HCl

15. You have 2.00 mL of 0.15 M CuSO4 and add 8.00 mL of pure water. What is the concentration of the new
solution? (Assume 10.0 mL final volume)

Ans: 0.030 M CuSO4

16. You need 2.50 L of a 0.0200M KMnO4 solution for use by all students in your laboratory section. If you find
a 1L bottle of 0.500 M KMnO4 in the stock room, tell how you would prepare the required solution.

Ans: Take 0.100 L of 0.500 M KMnO4 solution and dilute to 2.50 L

17. A sample of 0.0341 mol of iron(III) chloride, FeCl3, was dissolved in water to give 25.0 mL of solution. What
is the molarity of the solution?

Ans: 1.36 M

18. A 50.0-mL volume of AgNO3 solution contains 0.0285 mol AgNO3 (silver nitrate). What is the molarity of the
solution?

Ans: Do your selves

19. An aqueous solution is made from 0.798 g of potassium permanganate, KMnO4. If the volume of solution is
50.0 mL, what is the molarity of KMnO4 in the solution?

Ans: 0.101 M

20. A sample of oxalic acid, H2C2O4, weighing 1.274 g is placed in a 100.0 mL volumetric flask, which is then
filled to the mark with water. What is the molarity of the solution?

Ans: Do your selves

21. What volume of 0.120 M CuSO4 is required to give 0.150 mol of copper(II) sulfate, CuSO4?

Ans: 1.25 L

22. How many milliliters of  0.126 M HClO4 (perchloric acid) are required to give 0.00752 mol HClO4?

Ans: Do your selves

23. An experiment calls for 0.0353 g of potassium hydroxide, KOH. How many milliliters of 0.0176 M KOH are
required?

Ans: 35.8 mL

24. What is the volume (in milliliters) of 0.215 M H2SO4 (sulfuric acid) containing 0.949 g H2SO4?

Ans: Do your selves

25. Heme, obtained from red blood cells, binds oxygen, O2. How many moles of heme are there in 25 mL of
0.0019 M heme solution?

Ans: 4.8 × 10–5 moles
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26. Insulin is a hormone that controls the use of glucose in the body. How many moles of insulin are required
to make up 28 mL of 0.0048 M insulin solution?

Ans: Do your selves

27. How many grams of sodium dichromate, Na2Cr2O7, should be added to a 50.0 mL volumetric flask to
prepare 0.025 M Na2Cr2O7 when the flask is filled to the mark with water?

Ans: 0.33 g

28. Describe how you would prepare 2.50 × 102 mL of 0.10 M, Na2SO4. What mass (in gram) of sodium sulfate,
Na2SO4 is needed?

Ans: Do your selves

29. You wish to prepare 0.12 M HNO3 from a stock solution of nitric acid that is 15.8 M. How many milliliters
of the stock solution do you require to make up 1.00 L of 0.12 M HNO3?

Ans: 7.6 mL

30. A chemist wants to prepare 0.25 M HCl. Commercial hydrochloric acid is 12.4 M. How many milliliters of
the commercial acid is 12.4 M. How many milliliters of the commercial acid does the chemist require to
make up 1.50 L of the dilute acid?

Ans: Do your selves

31. Determine the molar concentration of each ionic species in solution after each of the following operation:

(a)  200 ml of 2.0 M NaCl is diluted to 500 ml

(b)  200 ml of 2.0 M BaCl
2
 is diluted to 500 ml.

(c)  200 ml of 3.0 M NaCl is added to 300 ml of 4.0 M NaCl.

(d)  200 ml of 2.0 M BaCl
2
 is added to 400 ml of 3.0 M BaCl

2
 and 400 ml of water.

(e)  300 ml of 3.0 M NaCl is added to 200 ml of 4.0 M BaCl
2
.

(f)   400 ml of 2.0 M HCl is added to 150 ml of 4.0 M NaOH.

(g)  100 ml of 2.0 M HCl and 200 ml of 1.5 NaOH are added to 150 ml of 4.0 NaCl and 50 ml of water.

Ans : (a)  [Cl– ]= 0.800 M, [Na+] = 0.800 M. (b)  [Ba+2 ] = 0.800 M, [Cl– ] = 1.6 M.

(c)  [Na+] = 3.6 M, [Cl–]= 3.6 M. (d)  [Ba+2 ] = 1.6 M, [Cl– ] = 3.2 M.

(e)  [Na+] = 1.8 M, [Cl–] = 5.0 M, [Ba+2 ] = 1.6M (f)   [Cl– ]= 1.45 M, [Na+ ]= 1.09 M, [H+ ]= 0.364 M

(g)  [OH–] = 0.20 M, [Na+] = 1.8 M, [Cl– ] = 1.6M

32. Calculate the concentration of each type of ion which remains in solution when each of the following set of
solutions is mixed.

(a)  100 ml of 0.5 NaCl + 50 ml of 0.25 M KCl. (b)  100 ml of 0.50 M NaCl + 50 ml of 0.25 M AgNO
3
.

(c)  100 ml of 0.50 M NaCl + 50 ml containing 1.0 millimol NaCl + 100 ml of water.

Ans: (a) [Na+ ] = 0.33 M, [K+ ] = 0.083 M, [Cl– ] = 0.42 M.

(b) [ Cl– ] = 0.25 M, [NO
3

– ] = 0.083 M. (c) [Na+ ] = 0.20 M, [Cl– ] = 0.20 M.

33. If 40.00 ml of 1.6 M HCl and 60.00 ml of 2.0 M NaOH are mixed, what are the molar concentrations of Na+,
Cl– and OH– in the resulting solution ? Assume total volume of 100.00 ml.

Ans : [Na+] = 1.2 M, [Cl–] = 0.640 M, [OH–] = 0.560 M

34. What concentration of NaCl finally results from the mixing of 2.0 L of 4.0 M NaCl with 3.0 L of 1.5 M NaCl
plus sufficient water to dilute the solution to 10.0 L .

Ans : 1.25 M

35. Calculate the concentration of all ion in solution when 3.0 L of 4.0 M NaCl and
4.0 L of 2.0 M CoCl

2
 are combined and diluted to 10.0 L.

Ans: [Na+] = 1.2 M, [Cl–] = 2.8 M, [Co+2] = 0.80 M
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36. A chemist added an excess of sodium sulfate to a solution of a soluble barium compound to precipitate all
of the barium ion as barium sulfate, BaSO4. How many grams of barium ion are in a 458 mg sample of the
barium compound if a solution of the sample gave 513 mg BaSO4 precipitate? What is the mass percentage
of barium in the compound?

Ans: 0.302 g; 65.9%

37. A soluble iodide was dissolved in water. Then an excess of silver nitrate, AgNO3, was added to precipitate
all of the iodide ion as silver iodide,AgI. If 1.545 of the soluble iodide gave 2.185 g of silver iodide how may
grams of iodine are in the sample of soluble iodide? What is the mass percentage of iodine, I, in  the
compound?

Ans:  Do your selves

38. Copper has compounds with copper(I) ion or copper(II) ion. A compound of copper and chlorine was treated
with a solution of silver nitrate, AgNO3, to convert the chloride ion in the compound to a precipitate of AgCl.
A 59.40 mg sample of the copper compound gave 86.00 mg AgCl.

a. Calculate the percentage of chlorine in the copper compound.

b. Decide whether the formula of the compound is CuCl or CuCl2.

Ans: (a) 35.81 %      (b) CuCl

39. Gold has compounds containing gold (I) ion or gold(III) ion. A compound of gold and chlorine was treated
with a solution of silver nitrate, AgNO3, to convert the chloride ion in the compound to a precipitate of AgCl.
A 162.7 mg sample of the gold compound gave 100.3 mg AgCl.

a. Calculate the percentage of the chlorine in the gold compound.

b. Decide whether the formula of the compound is AuCl or AuCl3.

Ans: Do your selves

40. A compound of iron and chlorine is soluble in water. An excess of silver nitrate was added to precipitate the
chlorine ion as silver chloride. If a 134.8 mg sample of the compound gave 304.8 mg sample of the
compound gave 304.8 mg AgCl, what is the formula of the compound?

Ans: FeCl2
41. A 1.345 g sample of a compound of barium and oxygen was dissolved in hydrochloric acid to give a solution

of barium chromate to give 2.012 g of barium chromate, BaCrO4. What is the formula of the compound?

Ans: Do your selves

Gravimetric Analysis


