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Exercise #1. 

 

Determination of Weighted Average Mass  

1. The average mass of pennies minted after 1982 is 2.50 g and the average mass of pennies minted 

before 1982 is 3.00 g. Suppose that a bag of pennies contains 90.0% new and 10.0% old pennies.  

(a) What is the overall average mass of pennies in this sample?  

 (b) If the total mass of pennies in the bag is 1.75 kg, how many pennies (old and new) are in the bag? 

 (c) How many of them are old pennies? 

 

 

 

 

2. A mass spectrophotometer computed the atomic mass ratio of fluorine to carbon-12 as 1.58320-to-1. If 

the atomic mass of carbon-12 is 12 amu (exactly), determine the atomic mass of fluorine in amu. 

 

 

 

 

3. Chlorine has two stable naturally occurring isotopes: chlorine-35 (with mass = 34.9689 amu; 

abundance = 75.76%) and chlorine-37 (with mass = 36.9659 amu; abundance = 24.24%). Calculate the 

average atomic mass of chlorine? 

 

 

 

 

4. Magnesium has three natural isotopes with the following masses and natural abundances: 

 24Mg: abundance = 79.00%; atomic mass = 23.9850 amu; 

 25Mg: abundance = 10.00%; atomic mass = 24.9858 amu; 

 26Mg: abundance = 11.00%; atomic mass = 25.9826 amu. 

 Calculate the average atomic mass of magnesium. 

 

 

 

 

5. Boron has two stable isotopes: boron-10 (mass = 10.013 amu) and boron-11 (mass = 11.009 amu). If 

the average atomic mass of boron is 10.81 amu, calculate the relative abundance of each isotope.  
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Exercise #2 

Counting by Mass – using mass to find number of atoms  

1. The atomic mass of carbon is 12.01 amu. How many carbon atoms are present in a 5.00-g carbon? 

 (1 amu = 1.6605 x 10-24 g) 

 

 

 

2. The atomic mass of silicon is 28.09 amu. (a) How many silicon atoms are present in a 5.00-g silicon?  

(b) How many silicon atoms are present in 28.09 g of silicon?  (1 amu = 1.66054 x 10–24 g) 

 

 

 

3. If a sample of 28.09-g silicon contains the same number of atoms as a 12.01-g carbon, what mass of 

silicon contains the same number of silicon atoms as there are carbon atoms in 5.00 g of carbon? 

 

 

 

4. An average adult has approximately 5.0 L of blood and there are approximately 3.4 x 105 red blood 

cells (RBC) per cubic cm (/cm3) of a healthy adult.  

(a) How many RBC does an average adult have?  (b) If a volunteer donates 1.0 pint of whole blood to 

the Red Cross per visit, how many RBC does he/she give away?  

(c) If the blood of an average adult contains a total of 2.8 g of iron, how many iron atoms are present in 

the body? (d) How many iron atoms are in a single RBC? (atomic mass of Fe = 55.85 amu) 

(e) Red blood cells contain protein known as hemoglobin, which function as an O2 carrier from the 

lung to other parts of the body and gives the cells the red color. If each hemoglobin molecule contains 

4 Fe-atoms, how many hemoglobin molecules are present in each RBC?  (1 pint = 473 mL) 

 

 

 

 

5. Calculate the molar mass of the following compounds: 

(a) Caffeine, C8H10N4O2;  (b) Ammonium phosphate, (NH4)3PO4?  

 

 

 

6. How many moles of caffeine and ammonium phosphate, respectively, are present in the indicated mass 

of the respectively sample? 

 (a) 5.00 g of caffeine; (b) 5.0 x 102 g of ammonium phosphate 

 

 

 

7. (a) Calculate the molar mass of sucrose, C12H22O11. (b) How many moles of sucrose are present in 5.00 

g of sucrose?  (c) How many sucrose molecules are present in 5.00 g of sucrose?  (d) How many atoms 

of carbon, hydrogen, and oxygen, respectively, are present in a 5.00-g sample? 
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Exercise #3 

Percent Composition and Empirical Formula 

1. A 5.00 sample of an oxide of phosphorus is found to contain 2.18 g of phosphorus and 2.82 g of 

oxygen. Calculate the empirical formula of the compound. 

 

 

2. A 0.424-g sample of iron filings is burned and completely converted into its oxide, which yields 0.606 

g of a reddish brown iron-oxide is obtained.  Determine the empirical formula of the iron-oxide. 

  

 

 

3. A compound made up of carbon, hydrogen, and oxygen has the following composition (by mass 

percent): 68.1% C, 13.7% H, and 18.2% O. Determine its empirical formula. 

 

 

 

4. A compound is composed of 23.08% Aluminum, 15.38% Carbon, and 61.54% Oxygen, by mass.  

(a) Determine its empirical formula. (b) Calculates the empirical formula mass of the compound?  

 

 

 

5. A 2.32-g sample of a compound composed of carbon, hydrogen, and oxygen is completely combusted 

to yield 5.28 g of CO2 gas and 2.16 g of water. Calculate the composition (in mass percent) of the 

compound and determine its empirical formula. 

 

 

 

6. The precursor for Teflon is a compound composed of 24.0% carbon and 76.0% fluorine. (a) Determine 

the empirical formula of the compound and calculate its empirical formula mass. (b) If the compound 

has molar mass of 100.0 g/mol, what is the molecular formula? 

 

 

 

7. A compound is composed of carbon, hydrogen, nitrogen and oxygen. When a 1.500-g sample of the 

compound is completely combusted, it yields 1.476 g of CO2 and 0.605 g of H2O. In a separate 

analysis to determine nitrogen, 1.500 g of the compound is found to produce 0.313 g of N2.  

 (a) Calculate the mass percent of each element in the compound. (b) Determine the empirical formula 

of the compound. (c) If the compound has a molar mass of 134 g/mol, what is the molecular formula? 
 

  

 

 

8. A 2.50-gram sample of phosphorus is completely burned in air, which yields 5.72 g of product 

composed of only phosphorus and oxygen. In a separate analysis, the compound was found to have 

molar mass of  284 g/mol. (a) Determine the empirical formula and molecular formula of the 

compound. (b) What is the name of the compound? (c) Write an equation for the combustion of 

phosphorus. 
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Solution concentrations:  

1. Molar concentration (Molarity) =  
Mole of Solute

Liter of Solution
 

If you dissolve 36.0 g of NaCl in 250. mL of solution, the molar concentration of NaCl will be 

  (36.0 g NaCl x 
1 mole NaCl

58.44 g NaCl
) ÷ 0.250 L = 2.46 mol/L = 2.46 M 

    

2. Percent (by mass)  =  
Mass of Solute

Mass of Solution
x 100% 

If a solution contains 25 g NaCl dissolved in 100. g of water, the mass percent of NaCl in the solution 

is 

   
25 g

(100 + 25) g
 x 100% = 20.% 

1.0 kg of seawater contains 35 g of salt; percent (by mass) of salt in seawater  =  100% x 
g 1000

g 35
 

     = 3.5% 

 

3. Percent (by volume)  =  
Volume of Solute

Volume of Solution
x 100% 

 For example, if 750 mL of white wine contains 80. mL of ethanol, the percent of ethanol by volume is  

        
80. mL

750 mL
 x 100% = 11% 

 

4. Mass-Volume  = 100% x 
(g) Solute of Mass

(mL)Solution  of Volume
  

Example: 9.0 g NaCl in 1.0 L of solution;  

Mass-to-volume percent of NaCl = 0.90%  100% x 
mL 1000

g 9.0
  

5. Part per million (ppm) = 
610 x 

Solution of Mass

Solute of Mass
  

Example: 8.0 mg of O2 in 1.0 kg of solution; concentration of O2 = ppm 8.0  10 x 
g 10

g 10 x 8.0 6

3

-3

  

6. Part per billion (ppb) = 
910 x 

Solution of Mass

Solute of Mass
  

Example: 4.5 g of Pb in 1.0 L of water; concentration of Pb = ppb 4.5  10 x 
g 10

g 10 x 4.5 9

3

-6
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Exercises #4: 

1. What is the molarity of solution that contains 0.100 mole of HCl in 250.0 mL of solution? 

 

 

2. 9.00 g of sodium chloride, NaCl, is dissolved in enough water to make 250.0 mL of salt solution. 

Calculate the molarity of NaCl. (Molar mass of NaCl = 58.44 g/mol)   

 

 

3. 10.55 g of silver nitrate, AgNO3 (molar mass = 169.9 g/mol), is dissolved in enough water to make a 

500.0-mL solution. What is the molar concentration of AgNO3?  

 

 

4. (a) How many gram of sodium hydroxide (NaOH) are required to prepare 750. mL of 6.0 M NaOH 

solution? (b) Explain how the solution would be prepared. (Molar mass of NaOH = 40.0 g/mol) 

 

 

5. How many grams of glucose, C6H12O6, are needed to prepare 473.2 mL of 0.3065 M glucose solution? 

Briefly explain the method you would use to prepare this solution.   

(molar mass of glucose = 180.16 g/mol) 

 

 

 

6. 35.0 mL of 6.0 M NaOH solution is added into a 500.0-mL volumetric flask, and enough deionized 

water is then added to make the final solution to 500.0 mL. Calculate the molar concentration of NaOH 

in the dilute solution. 

 

 

 

7. (a) How many milliliters of concentrated sulfuric acid (H2SO4) must be diluted to prepare 5.0 x 102 mL 

of 3.0 M H2SO4 solution? (b) Explain the safe method you would use to prepare this solution. 

(Concentrated sulfuric acid is 18 M)   

 

 

 

8. 70.0 mL of concentrated hydrochloric acid (HCl, molarity = 11.8 M) is diluted to 1.50 L. What is the 

molar concentration of the dilute acid? 

 

 

9. 55.16-g sample of potassium dichromate, K2Cr2O7, is dissolved in about 400 mL of de-ionized water . 

When the solid is completely dissolved, the solution is diluted to a final volume of 750.0 mL.  

 

(a) Calculate the molar mass of potassium dichromate.  

 

(b) How many moles of K2Cr2O7 was dissolved?  

 

(c) What is the molar concentration of potassium dichromate in the solution?  

 

 (d) How many moles of K2Cr2O7 are present in 100.0 mL of this solution? 
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10. A salt solution is prepared by dissolving 25.0 g of NaCl in 135 g of distilled water. Calculate the mass 

percent of NaCl in the solution. 

 

 

11. Seawater contains 3.5% (by mass) of NaCl. (a) How many grams of NaCl are present in 5.00 gallon of 

seawater. (b) How many gallon of seawater must be evaporated to produce 454 g of NaCl?  

(1 gallon = 3785 mL;  assume density of seawater = 1.0 g/mL)   

 

 

 

12. 20.00 g of sugar and 5.00 g of salt (NaCl) are dissolved in 100.0 g of water. Calculate the mass percent 

of sugar and salt, respectively, in the solution.  

 

 

 

13. 150 mL of methanol, 120 mL of acetone and 230 mL of water are mixed to form 5.0 x 102 mL of 

solution. Calculate the percentage (by volume) of each component in the mixture. 

  

 

 

14. Gasohol is a mixture containing 10.% ethanol (C2H5OH) and 90.% gasoline (by volume). The density 

of ethanol and gasoline are 0.79 g/mL and 0.70 g/mL, respectively. What are the composition of 

gasohol by mass percent? 

 

 

 

15. Gasohol contains 10.% ethanol, C2H5OH, and 90.% gasoline (by volume). The density of ethanol is 

0.79 g/mL. (a) How many grams of ethanol are present in 1.00 gallon of gasohol? (1 gallon = 3.785 L) 

(b) What is the molarity of ethanol in gasohol?  

 

 

 

16. (a) 9.0 g of NaCl is dissolved in 473 mL of solution. What is the percent (w/v) of NaCl in the solution? 

(b) 28 g of glucose is dissolved in 475 mL of solution. What is the percent (w/v) of glucose in the 

solution?   

 

 

 

17. The hardness of water is usually expressed in parts per million (ppm) of CaCO3, which is equivalent to 

mg of CaCO3 per liter of water. How many grams of CaCO3 are present in 1.00 gallon of swimming-

pool water that has a hardness of 135 ppm? (Assume density = 1.0 g/mL) 

 

 

 

18. The concentration of mercury in a slightly polluted lake is 45 ppb (part per billion). If the lake has 

surface area of 160 km2 and an average depth of 12 m, how many kilograms of mercury are present in 

the lake? (Assume density of water = 1.0 g/mL) 
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Exercise #5 

Writing and Balancing Equations 

 

1. Write a balanced equation of each reaction described below: 

(a) Copper reacts with sulfur to form copper(I) sulfide; 

 

 

 

(b)  Sodium metal reacts with water to form aqueous sodium hydroxide solution. 

 

 

 

(c) Butane gas (C4H10(g)) burns and reacts with atmospheric oxygen gas to produce carbon dioxide 

and water vapor. 

 

 

 

 (d)  Calcium metal reacts with liquid water to form solution of calcium hydroxide. 

 

 

 

(e)  Sulfuric acid is neutralized by sodium hydroxide solution to produce water and sodium sulfate 

solution. 

 

 

 

 

2.  Balance the following equations using the smallest whole number coefficients. 

 

(a) ___NH3(g)  +  ___O2(g)     ___NO(g)  +  ___H2O(g); 

 

 

(b) ___C4H10(g)  +  ___O2(g)    ___CO2(g)  +  ___H2O(g); 

 

 

(c) ___P4O10(s)  +   ___H2O(l)    ___H3PO4(aq)  

 

 

(d) ___H3PO4(aq)  +  ___KOH(aq)    ___K2HPO4(aq)  +  ___H2O(l) 
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Answers: 

Exercise #1: 

1. (a) 2.55 g;   (b) 686 pennies;   (c) 69 old pennies (rounded off to whole pennies);  

2.   18.9984 amu; 3.  35.45 amu      4.  24.30 amu;  5.  boron-10 = 20.0%;   boron-11 = 80.0% 

 

Exercise #2: 

1. (a) 2.51 x 1023 C-atoms; (b) 6.022 x 1023 C-atoms;  

2. (a) 1.07 x 1023 Si-atoms;     (b) 6.022 x 1023 Si-atoms; 

3. 11.7 g of silicon and 5.00 g of carbon contain same number of atoms of each type. 

4. (a) 1.7 x 109 RBC (total);  (b) 1.6 x 108 RBC (in 473 mL of blood); 

 (c) 3.0 x 1022 Fe-atoms (total);  (d) 1.8 x 1013 Fe-atoms per RBC;  

(e) 4.4 x 1012 hemoglobin molecules per RBC;  

5. (a) Caffeine, C8H10N4O2 = 194.2 g/mol;   (b) Ammonium phosphate, (NH4)3PO4 = 149.1 g/mol; 

6. (a) 0.0257 mol caffeine;   (b) 3.35 mol (NH4)3PO4;  

7. (a) 342.3 g/mol;   (b) 0.0146 mol sucrose;   (c) 8.80 x 1021 sucrose molecules;   

(d) 1.06 x 1023 C-atoms; 1.94 x 1023 H-atoms; 9.68 x 1022 O-atoms 

 

Exercise #3: 

1. Empirical formula of phosphorus oxide = P2O5;  2.  Empirical formula of iron oxide = Fe2O3;  

3. Empirical formula of compound = C5H12O;  

4. (a) Empirical formula = Al2C3O9;    (b) Empirical formula mass = 234 g/mol 

5. (a) Mass %: 62.1% C;  10.4% H, and 27.5% O;  (b) Empirical formula = C3H6O; 

6. (a) Empirical formula = CF2;    empirical formula mass = 50.0 g/mol;       (b) Molecular formula = 

C2F4; 

7. (a) Percent composition: 26.85% C;  4.51% H;   20.9% N, and 47.7% O;   

 (b) Empirical formula = C3H6N2O4;    (c) Molecular formula = C3H6N2O4  

8. (a) Empirical formula = P2O5;   molecular formula = P4O10;    (b) Tetraphosphorus decoxide;   

(c) 4P(s) + 5 O2(g)  P4O10(s) 

 

Exercise #4: 

1. 0.400 M       2.  0.616 M            3.  0.1242 M    4.  (a) 60. G of NaOH;  5.  26.13 g glucose  

6.   0.42 M;       7.  83 mL of conc. H2SO4  8.  0.551 M 

9.  (a) 294.2 g/mol;   (b) 0.1875 mol dissolved;   (c) 0.2500 M;   (d) 0.0250 mol; 10.  15.6% (w/w); 

11.  (a) 660 g NaCl;  (b) 3.4 gallons 12.  16.00% sugar;  4.00% NaCl   

13.  30.% methanol;  24% acetone, and 46% water (v/v)  14.  11% alcohol and 89% gasoline;  

15.  (a) 3.0 x 102 g;   (b) 1.7 M; 16.  (a) 1.9% NaCl;  (b) 5.9% glucose;  17.  0.51 g CaCO3; 

18.  86.4 kg of Hg 
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Exercise #5: 

1. (a) 2Cu(s)  +  S(s)    Cu2S(s); 

(b) 2Na(s)  +  2H2O(s)    2NaOH(aq)  +  H2(g); 

(c) 2C4H10(g)  +  13 O2(g)    8CO2(g)  +  10H2O(g);  

(d) Ca(s)  +  2H2O(l)    Ca(OH)2(l)  +  H2(g);  

(e) H2SO4(aq)  +  2NaOH(aq)    2H2O(l)  +  Na2SO4(aq) 

 

2.    (a) 4NH3(g)  +  5 O2(g)     4NO(g)  +  6H2O(g); 

(b) 2C4H10(g)  +  13 O2(g)    8CO2(g)  +   10H2O(g); 

(c) P4O10(s)  +   6H2O(l)    H3PO4(aq)  +  5HCl(aq);  

(d) H3PO4(aq)  +  3KOH(aq)    K2HPO4(aq)  +  2H2O(l) 
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