
7.1 pg. 174 #3, 4; pg. 175 #5, 6; pg. 179 #7, 8; pg. 181 #9 to 11, 13, 14 
#3) 4.65 mol Si 
 
#4) 2.17 x 1023 molecules H2O 
 
#5) 2.75 x 1024 atoms 
 
#6) 7.72 mol NO2 
 
#7) a.  30.0 g/mol b.  137.5 g/mol c.  60.0 g/mol d.  108.0 g/mol 
 
#8) a.  71.0 g b.  46.0 g c.  331.6 g d.  60.1 g 
 
#9) a.  94.2 g/mol b.  136.2 g/mol c.  317.2 g/mol 
 
#10) a.  175.3 g/mol b.  139.6 g/mol c.  84.0 g/mol d.  294.3 g/mol 
 
#11) One mole of any substance contains Avogadro’s number (6.02 x 1023) of representative 
particles. 
 
#13) a.  3 atoms b.  4 atoms c.  3 atoms d.  9 atoms 
 
#14) a.  2.49 x 10 1 mol NH3

− b.  2 x 10 15 mol O2
−  

        c.  0.100 mol Br2 d.  7.99 mol Li 
 
7.2 pg. 183 #16 to 19; pg. 184 #20, 21; pg. 185 #22, 23; pg. 186 #24 to 28; 
#16) a.  1.30 x 102 g b.  1.27 g c.  1.55 g 
 
#17) a.  355 g b.  225 g 
 
#18) a.  3.43 x 10 2 mol B− b.  0.343 mol TiO2 c.  8.82 mol (NH4)2CO3 
 
#19) a.  0.987 mol N2O3 b.  2.68 mol N2 c.  1.21 mol Na2O 
 
#20) a.  7.17 x 10 2 L− b.  21.5 L c.  82.9 L 
 
#21) a.  3.00 mol SO2 b.  3.93 x 10 2 mol He− c.  44.6 mol C2H6 
 
#22)  80.2 g/mol 
 
#23)  3.74 g/L 
 



#24) a.  6.5 g Be b.  67.2 g N2 c.  5.44 g H2O2 d.  8.34 x 102 g Ca(NO3)2 
 
#25) a.  7.85 x 1023 molecules NO2 b.  1.21 L Cl2 c.  12.9 g CH4 
 
#26) They would have the same volume but different masses; equal volumes of gases have the 
same number of molecules at the same temperature and pressure. 
 
#27) a.  2.5 mol H2 b.  2.40 x 10 6 mol Li2HPO4

− c.  6.93 mol Al d.  2.13 mol SnF2  
 
#28) gas A: 28.0 g/mol, nitrogen    gas B: 64.1 g/mol, sulfur dioxide gas C: 16.0 g/mol, methane 
 
7.2 (Part of 12.5) pg. 348 #31 to 33; pg. 349 #34 to 36; pg. 353 #40 and 41 
#31) 5.60 L 
 
#32) 1.66 x 101 L 
 
#33) 1.38 x 1023 nitrogen molecules 
 
#34) 1.50 L He (g) 
 
#35) 4.48 L 
 
#36) 7.67 x 101 L 
 
#40) by using Avogadro’s hypothesis and the molar mass and molar volume of the gas 
 
#41) a.  38 L b.  0.40 L c.  5.6 x 103 L 
 
7.3 pg. 189 #29, 30; pg. 191 #31 to 33; pg. 192 #34; pg. 193 # 35, 36; 

pg. 194 #37, 38; pg. 195 #39 to 43 
#29) a.  72.2% Mg, 27.8% N b.  87.1% Ag, 12.9% S 
 
#30) a.  93.0% Hg, 7.0% O  
 
#31) a.  80.0% C, 20.0% H b.  19.2% Na, 0.83% H, 26.7% S, 53.3% O 
        c.  26.2% N, 7.5% H, 66.4% Cl 
 
#32) a.  46.7% N b.  82.4% N c.  35.0% N 
 
#33) a.  70 g H b.  0.17 g H c.  0.16 g H  
 



#34) a.  58.4 g N b.  103 g N c.  43.8 g N 
 
#35) a.  OH b.  CH3 c.  HgSO4 d.  C2HNO3 
 
#36) C3H8N 
 
#37) a.  C2H6O2 b.  C6H4Cl2 
 
#38) a.  C6H12O6 b.  Na2Cr2O7 
 
#39) a.  74.2% N, 25.8% O b.  39.3% Na, 60.7% Cl 
 
#40)  C5H10O2 
 
#41) a.  25.4% Ca, 30.4% C, 3.8% H, 40.5% O b.  3.7% H, 44.4% C, 51.9% N 
 
#42) a.  4.7g H b.  14 g H 
 
#43) a.  Molecular b.  Molecular  
        c.  Molecular and Empirical d.  Molecular and Empirical 
 





9.1 pg. 240-241 #3, 4, 6 to 8 
#3)  2 molecules H2 + 1 molecule O2 → 2 molecules H2O 
       2 mol H2 + 1 mol O2 → 2 mol H2O 
       44.8 L H2 + 22.4 L O2 → 44.8 L H2O 
 
#4)  2 mol C2H2 + 5 mol O2 → 4 mol CO2 + 2 mol H2O 
       44.8 L C2H2 + 112 L O2 → 89.6 L CO2 + 44.8 Ll H2O 
                   212 g reactants → 212 g products 
 
#6)                                             C2H5OH (l) + 3 O2 (g) → 2 CO2 (g) + 3 H2O(l) 

a.   1 molecule  C2H5OH (l) + 3 molecules O2 (g) → 2 molecules CO2 (g) + 3 molecules H2O(l) 
                      1 mol  C2H5OH (l) + 3 mol O2 (g) → 2 mol CO2 (g) + 3 mol H2O(l) 

b.                      46.0 g C2H5OH (l) + 96.0 g O2 (g) → 88.0 g CO2 (g) + 54.0 g H2O(l) 
                      142 g reactants → 142.0 g products 

 
#7) The number of moles of reactants and products depends on the chemical reaction. For 
some reactions, moles of reactants and products are equal, but this is not generally the case. 
 
#8)  2 atoms K + 2 molecules of H2O → 2 formula units KOH + 1 molecule H2 
                      2 mol K + 2 mol of H2O → 2 mol KOH + 1 mol H2 
                                  114.2 reactants → 114.2 products 
 
9.2 pg. 244 #9b, 10; pg. 245 #11, 12; pg. 248 #13, 14; pg. 249 #15, 16; 
 pg. 250 #17 to 22 
#9) b.  7.4 mol 
 
#10) a.  11.1 mol b.  0.52 mol 
 
#11)  2.03 g C2H2 
 
#12)  1.36 mol CaC2 
 
#13)  4.82 x 1022 molecules O2 
 
#14)  11.5 g NO2 
 
#15)  1.93 L O2 
 
#16)  0.28 L PH3 
 
#17) 18.6 mL SO2 

 



#18) 1.9 dL CO2 
 
#19) a.  15.3 mol O2 b.  10.2 mol CO2, 13.6 mol H2O 
 
#20) a.  1 mol CH  4

16.0 g CH  4  b.  22.4 L CH  4

1 mol CH  4    c.  1 mol CH  4
6.02 × 10  molecules CH  23

4
 

 
#21) a.  176 g CO2, 36.0 g H2O b.  1.60 x 102 g O2 c.   212 g = 212 g 
 
#22) a.  18.8 L HF b.  2.69 x 1023 molecules H2 c.  966 g SnF2 
 
9.3 pg. 254 #23, 24; pg. 255 #25; pg. 256 #26; pg. 258 #27, 28; pg. 259 
#29 to 32 
#23) a.  8.10 mol O2 required; O2 is the limiting reactant (reagent) b.  4.20 mol H2O 
 
#24) a.  5.40 mol O2 required; C2H4 is the limiting reactant b.  5.40 mol H2O 
 
#25) a.  HCl b.  0.164 g H2 
 
#26)  43.2 g H2O 
 
#27)  91.6% 
 
#28)  83.5% 
 
#29) Limiting reactant determines the amount of product possible from a reaction; excess 
reactant is not used up by the reaction.  
 
#30)  70.5% 
 
#31) The actual (or experimental) yield is an experimental determined value; a theoretical yield 
is a value calculated using the balanced chemical equation. The theoretical yield is normally 
larger than the actual yield, but that is not always the case. The percent yield is a ratio of the 
actual yield over the theoretical yield expressed as a percentage. 
 
#32)  21.4 g SO3 







11.1 and 11.3 Homework Answer Key 
 
11.1 pg. 299 #1 to 10 
#1)  2.0 J/(g � °C)  
 

#2)  0.511 J/(g � °C) 
 

#3)  1.8 kJ 
 

#4)  Energy is the capacity for doing work or supplying heat. Heat is energy that transfers 
between objects across a temperature gradient. 
 

#5)  The specific heat of a substance independent of its mass. The heat capacity of an object is 
proportional to its mass. 
 

#6)  It will be the same. 
 

#7)  Water has a higher heat capacity than concrete. The sun’s heat raises the temperature of 
the concrete more than that of the water. 
 

#8)  1.76 x 103 cal (1.76 kcal = 1.76 Cal); 7.36 x 103 J (7.36 kJ) 
 

#9)  2.36 x 10−1 J/(g � °C) 
 

#10) 2.8 x 102 kJ 
 
11.3 pg. 311 #22 and 23; pg. 313 #24 to 29 
#22) 144 kJ 
 

#23) 0.19kJ 
 

#24) 301 kJ 
 

#25) 3.42 mol NH4NO3 (s) 
 

#26) a.  molar heat of vaporization, endothermic b.  molar heat of solution, endothermic 
        c.  molar heat of fusion, endothermic d.  molar heat of condensation, exothermic 
        e.  molar heat of solidification, exothermic 
 

#27) 2.68 kJ 
 

#28) When a mole of steam condenses, it releases a substantial amount of heat, its molar heat 
of condensation. 
 

#29) The ice absorbs sufficient heat from the surroundings to change from the solid to the liquid 
state. 
 



11.2 Homework Answer Key 
 
11.2 pg. 302 #11 and 12; pg. 304 #13 and 14; pg. 306 #15 to 19 
#11)  1.5 kJ 
 
#12)  146 J 
 
#13)  6.63 kJ 
 
#14)  89.4 kJ 
 
#15)  2 Mg (s) + O2 (g)  →  2 MgO (s) + 1204 kJ 
 
#16)  3.36 x 102 kJ 
 
#17)  the heat released or absorbed in a chemical change. 
 
#18)  −3.98 x 103 kJ 
 
#19)  because a phase change involves an energy change 
 



11.4 Homework Answer Key 
 
11.4 pg. 317 #30 and 31; pg. 318 #32 to 35 
#30)  a.  −30.91 kJ b.  178.4 kJ c.  −113.0 kJ 
 
#31)  CO is a compound. 
 
#32)  −8.456 x 102 kJ 
 
#33)  −1.960 x 102 kJ 
 
#34)  Answers will vary, but should include the idea that chemical equations can be 
added algebraically along with their enthalpies to obtain the enthalpy of a different 
chemical reaction. 
 
#35)  The sign of ∆H must be changed. 
 









10.1, 10.2 and 10.4 Homework Answer Key 
 
10.1 pg. 271 #1, 2; pg. 272 #3 to 7 
#1)  51.3 kPa, 0.507 atm 
 

#2)  33.7 kPa is greater than 0.25 atm 
 

#3)  Answers will vary but should include the idea that particles exhibit rapid, random motion 
with elastic collisions.  
 

#4)  The collision of gas particles with an object causes gas pressure.  
 

#5)  72.6 kPa 
 

#6)  Heat the water. 
 

#7)  by one-half.  
 
10.2 pg. 279 #8 to 13 
#8)  Liquid molecules slide past one another despite intermolecular forces. 
 

#9)  Liquid particles are more attracted to one another and have little space between them. 
 

#10) Evaporation, which happens only at the surface, can occur below the boiling point. 
 

#11) a.  About 76°C b.  About 50°C c.  About 62°C 
 

#12) At boiling, vapor pressure equals external pressure. As external pressure increases, the 
temperature needed to produce an equivalent vapor pressure - the boiling point - must increase. 
 

#13) When the molecules with the highest kinetic energy escape, average kinetic energy of the 
liquid is lowered. 
 
10.4 pg. 286 #17 to 19 
#17) the state of water at given temperatures and pressures and the conditions at which phase 
changes occur. 
 

#18) During sublimation, a substance changes directly from solid to vapor; drying without 
extensive heating. 
 

#19) The triple point is the temperature and pressure at which an equilibrium exists among all 
three phases of a substance. 







12.1 to 12.4 Homework Answer Key 
 

12.1 pg. 328 #1 to 4 
#1) The volume of gas particles is negligible; gas particles do not interact; gas particles move 
rapidly; the average kinetic energy of the gas particles is directly proportional to the Kelvin 
temperature. 
 
#2) Kinetic energy is transferred from one gas particle to another without loss of energy when 
gas particles collide. As Kelvin temperature increases, the kinetic energy increases in direct 
proportion. 
 
#3) According to kinetic theory, there is considerable space between gas particles, which allows 
gases to be compressed. 
 
#4) Pressure in kilopascals (kPa), Kelvin temperature (K), volume in Litre (L), and amount in 
moles (mol). 

 
12.2 pg. 332 #5 to 9 
#5) As the number of gas molecules increases in a constant-volume container, the pressure 
increases. As the volume of the container decreases, pressure increases, if other variables are 
constant. 
 
#6) As the temperature of a contained gas increases, the pressure increases, and vice versa. 
 
#7) Increase the volume by a factor of four. 
 
#8) Add 100 times as much gas or decrease the volume by a factor of 100. 
 
#9) The pressure will double. 

  
12.3 pg. 335 #10, 11; pg. 337 #12, 13; pg. 338 #14; pg. 339 #15; pg. 340 #16 to 21 
#10)  6.48 L 
 
#11)  68.3 kPa 
 
#12)  3.39 L 
 
#13)  8.36 L 
 
#14)  2.58 kPa 
 



#15)  341 K, 68°C 
 
#16)  0.342 L 
 
#17)  129 kPa 
 
#18)  Boyle’s Law:  P1V1 =  P2V2       Charles’s Law:  = V 1

T  1

V 2
T  2

Gay-Lussac’s Law:  = P 1
T  1

P 2
T  2

 

 
#19)  When one condition (P, V, or T) is held constant, its variable cancels out, and one of the 
other three laws is left 
 
#20)  P1V1 =  P2V2 P = pressure; V = volume. The subscript 1 represents the starting 
conditions; the subscript 2 represents the final conditions. Temperature is constant, so it is not 
in the expression. 
 
#21)  24.2 L 
 
12.4 pg. 342 #22, 23; pg. 343 #24, 25; pg. 346 #26 to 30 
#22)  251 mol He (g) 
 
#23)  1.71 x 103 kPa 
 
#24)  2.5 g air 
 
#25)  17.6 L of O2 (g) 
 
#26)  by using the ideal gas law, PV = nRT 
 
#27)  An ideal gas obeys the assumptions of the kinetic molecular theory of gases. A real gas 
will deviate from ideal behavior except within a small margin of P, V, T conditions. 
 
#28)  Real gases have attractions between molecules, and their molecules have volume. At low 
temperatures, the attractions between molecules pull them together and reduce the gas volume. 
At high pressures, the volume occupied by the molecules is a significant part of the total volume 
because the molecules are closer together. 
 
#29)  17.0 L 
 
#30)  2.23 x 103 kPa 
 



12.5 Homework Answer Key 
 
12.5 pg. 348 #31 to 33; pg. 349 #35, 36; pg. 351 #37, 38; pg. 353 #39 to 44 
#31)  5.60 L 
 
#32)  16.6 L 
 
#33)  1.38 x 1023 nitrogen molecules 
 
#35)  4.48 L 
 
#36)  76.7 L 
 
#37)  93.4 kPa 
 
#38)  3.3 kPa 
 
#39)  Avogadro’s Hypothesis Law: Equal volumes of gases at the same temperature and 
pressure contains equal numbers of particles. Dalton’s Law: At constant volume and 
temperature, the total pressure exerted by a mixture of gases equals the sum of the partial 
pressures of the component gases. Graham’s Law: The rate of effusion of a gas is inversely 
proportional to the square root of the molar mass of the gas. 
 
#40) by using Avogadro’s Law and the Molar Mass and Molar Volume of the gas. 
 
#41) a.  38 L  b.  0.40 L  c.  5600 L 
 
#42)  Rearrange the equation Ptotal = P1 + P2 + P3 + ….. +  Px to isolate the desired pressure 

term. The rate of effusion of a gas can be calculated by using the equation: !"#$!
!"#$!

= !"#$% !"##!
!"#$% !"##!

 

 
#43)  This is the volume of 1 mol of any gas at STP. 
 
#44)  Carbon monoxide and nitrogen have identical molar masses of 28.0 g/mol. 
 
 







16.1 and 16.2 Homework Answer Key 
  
16.1 pg. 440 #1 and 2; pg. 446 #3, 4; pg. 447 #5, 6; pg. 451 #7 to 11 

#1) a. b. c.         
 

#2) a. b.  
 

#3) #4)     
  

#5)                              #6)         
 
#7) A single bond is indicated by two dots or one line between two atoms. A double bond is 
indicated by four dots or two lines between atoms. A triple bond is indicated by six dots or three 
lines between atoms. 
 
#8) a.  Carbon monoxdide (CO) (or similar answers) b.  Ozone (O3) (or similar answers) 
      c.  Nitrogen dioxide (NO2) (or similar answers) 
 
#9) The structural formula identifies the atoms in the compound and their respective number 
and arrangement in the molecule. 

#10) a.   b.   c.      

#11)       
 
16.2 pg. 459 #14 
#14) In a methane molecule, the four valence electron pairs repel each other, forming the 
corners of a tetrahedron in which the pairs are equidistant from each other. The angle between 
the bonds is 109.5o. 



16.3 Homework Answer Key 
 
16.3 pg. 466 #21 to 24, 26 
#21) Find the difference in electronegativity values for the two atoms of interest. If the difference 
is 0.0 to 0.5, 0.5 to 1.5, greater than 1.5, the bond is non-polar, polar covalent, or ionic, 
respectively. 
 
#22) Dispersion forces (the weakest of the three) are caused by the motion of electrons. Dipole 
interactions are the attractions between the oppositely charged ends of polar molecules. 
Hydrogen bonding (the strongest of the three) occurs when a hydrogen atom bonded to a more 
electronegative atom is attracted to another highly electronegative atom. 
 
#23) CCl4 is a nonpolar molecule because the atoms are oriented so that the bond polarities 
cancel. 
 
#24) a.         b.       c.  d. 

                  
 
#26)  b., c., and d. 







17.1 to 17.3 Homework Answer Key 
 
17.1 pg. 478 #1 to 4 
#1)  A slightly positive hydrogen atom on one water molecule is attracted to a pair of unshared 
electrons (lone pair) on the oxygen atom of another. 
 
#2)  Water molecules are hydrogen-bonded to each other, but not to air molecules. Net 
attraction is inward, minimizing water surface. Hydrogen bonding prevents escape of water 
molecules. 
 
#3)  A wetting agent that reduces surface tension; it interferes with hydrogen bonding of water. 
 
#4)  4.18 J/(g � oC)  
 
17.2 pg. 481 #5 and 6 
#5)  Hydrogen bonds hold liquid water molecules together, making it harder for them to escape 
to the gas state. 
 
#6)  Ice has a honeycomb-like structure of hydrogen-bonded water molecules, in which water 
molecules are closer together. The density of ice is less than that of water because of ice’s open 
crystal structure. As a result, ice floats on water. 
 
17.3 pg. 488 #8 to 10 and 12 
#8)  36.1% 
 
#9) a.  CaCl2 + 6 H2O → CaCl2 � 6 H2O b.  49.3% 
 
#10)  Polar solvents dissolve polar compounds, and nonpolar solvents dissolve nonpolar 
compounds. Like refers to the similar polarity of the substances. 
 
#12)  Acetic acid is the solute; water is the solvent. 
 







18.1 and 18.2 Homework Answer Key 
 
18.1 pg. 507 #1 and 2; pg. 508 #3 to 7 
#1)  0.44 g/L 
 
#2)  2.6 atm 
 
#3)  agitation, temperature, particle size 
 
#4)  by using Henry’s Law 
 
#5)  272 g NaCl 
 
#6) a.  Add solvent. b.  Add solute until no more will dissolve. 
 
#7)  Solubility usually increases with temperature. 
 
18.2 pg. 511 #8 to 11; pg. 513 #12, 13; pg. 514 #14, 15; pg. 515 #16 to 23 
#8)  0.10 M 
 
#9)  2.8 M 
 
#10)  0.142 mol 
 
#11)  0.50 mol CaCl2 ; 56 g CaCl2 
 
#12)  47.5 mL 
 
#13)  Use a pipet to transfer 50 mL of the 1.0 M solution to a 250-mL volumetric flask. Then add 
distilled water up to the mark. 
 
#14)  5% (v/v) 
 
#15)  12 mL 
 
#16)  0.25 g MgSO4 
 
#17)  3.6% CuSO4 (m/v) 
 
#18)  Molarity is found by dividing the number of moles of solute by the number of liters of 
solution. 



#19)  Solvent is added to the concentrated solution until the desired molarity is achieved. 
 
#20)  Percent by volume equals the volume of solute per volume of solution. Percent 
(mass/volume) equals mass of solute (in g) per volume of solution (in mL). 
 
#21) a.  0.627 M CuSO4 b.  0.040 M NaHSO4 
 
#22) a.  125 mL b.  0.80 L c.  2.5 mL 
 
#23)  5.0% K2SO4 (m/v) 
 



18.3 and 18.4 Homework Answer Key 
18.3 pg. 519 #24 to 27 
#24)  The introduction of solute molecules reduces the number of solvent molecules with 
enough kinetic energy to escape. 
 
#25)  Because vapor pressure has been reduced, more kinetic energy is needed to reach the 
boiling point. For a solution to freeze, it must lose more kinetic energy than the pure solvent 
does. 
 
#26)  Concentrated; the concentrated solution has more dissolved particles. Boiling point 
elevation is proportional to the number of dissolved particles. 
 
#27) a.  MgF2 (aq) b.  KI (aq) c.  KI (aq)  
 
18.4 pg. 521 #28, 29; pg. 522 #30, 31; pg. 524 #32, 33; pg. 525 #34 to 39 
#28)  12.6 g 
 
#29)  0.285 m or 0.285 mol/kg 
 
#30)  C2H5OH = 0.190 H2O = 0.810 
 
#31)  CCl4 = 0.437 CHCl3 = 0.563 
 
#32)  101.37oC  
 
#33)  114 g NaCl 
 
#34)  39.2 g/mol 
 
#35)  169 g/mol 
 
#36)  4.0 kg H2O 
 
#37)  FeCl3 
 
#38)  The molality of a solution is directly proportional to its boiling point elevation and freezing 
point depression. ∆Tf  = i Kf (molality)   and  ∆Tb  = i Kb (molality) 
 
#39)  4.95oC 
 





20.1, 20.2 and 21.1 Homework Answer Key 
 
20.1: pg. 579 #1 to 5; pg. 609 #34 
#1) a.  Hydrofluoric acid b.  Nitric acid  
      c.  Potassium Hydroxide d.  Sulfuric acid 
 
#2) a.  H2CrO4 (aq) b.  Fe(OH)3 c.  HI (aq) d.  LiOH 
 
#3) a.  Base b.  Both c.  Both d.  Acid 
 
#4) a.  Ba(OH)2 b.  HBr (aq) c.  RbOH d.  H2Se 
 
#5) a.  Hydrofluoric acid b.  Chloric acid  
      c.  Carbonic Acid d.  Aluminum hydroxide 
 
#34) a.  HNO2 (aq) b.  Al(OH)3 (aq) c.  H2Se (aq)  
        d.  Sr(OH)2 (aq) e.  H3PO4 (aq) f.  CH3COOH (aq) 
 
20.2: pg. 582 #7; pg. 586 #8 and 9; pg. 587 #10 and 11; pg. 588 #12 and 13; 
 pg. 589 #14 and 15; pg. 593 #16 to 18; pg. 609 #36 to 45 
#7) a.  Basic b.  Basic c.  Acidic d.  Neutral 
 
#8) a.  4.00 b.  3.00 c.  9.00 
 
#9) a.  12.00 b.  2.00 c.  4.00 
 
#10) a.  1.0 x 10−5 M b.  1.0 x 10−7 M c.  1.0 x 10−6 M d.  1.0 x 10−3 M 
 
#11) a.  1.0 x 10−4 M b.  1.0 x 10−11 M c.  1.0 x 10−8 M  
 
#12) a.  5.30 b.  9.08 c.  6.57 
 
#13) a.  9.63 b.  9.30 c.  3.65 
 
#14) a.  5.0 x 10−8 M b.  1.6 x 10−2 M c.  8.9 x 10−8 M d.  2.0 x 10−7 M 
 
#15) a.  2.0 x 10−7 M b.  6.3 x 10−13 M c.  1.1 x 10−7 M d.  5.0 x 10−8 M 
 
#16) a.  Hydroxide-ion concentration is greater.  
        b.  Hydrogen-ion concentration is greater. 
        c.  The concentrations are equal. 



#17) a.  6.00 b.  4.00 c.  12.00 d.  3.00 
 
#18) a.  1.0 x 10−8 M b.  1.0 x 10−5 M c.  1.0 x 10−2 M  
 
#36) 1.0 x 10−7 M for both [H+] and [OH−] at 25oC 
 
#37)  The negative logarithm of the hydrogen-ion concentration. 
 
#38)  The hydrogen-ion concentration of pure water at 25oC is 1.0 x 10−7 M. The negative logarithm, 
or pH, of this concentration is 7.00 
 
#39) a.  pH = 2.00, acidic b.  pH = 12.00, basic  
        c.  pH = 6.00, acidic d.  pH = 6.00, acidic 
 
#40) a.  1.0 x 10−10 M b.  1.0 x 10−6 M c.  1.0 x 10−2 M 
 
#41) a.  5.62 b.  8.04 c.  6.3 x 10−14 M d.  2.0 x 10−7 M 
 
#42)  1.6 x 10−4 M 
 
#43) a.  KOH  → K+ + OH− b.  Mg(OH)2  → Mg2+ + 2 OH−  
 
#44)  Acids ionize to give hydrogen ions in aqueous solution. Bases ionize to give hydroxide ions in 
aqueous solution. 
 
#45) a.  Base b.  Acid c.  base d.  Acid e.  Acid f.  Acid  
 
21.1 pg. 616 #1 and 2; pg. 618 #3 and 4; pg. 624 #17 to 19; 
 pg. 640 #36 to 39; pg. 641 # 62 
#1)  4.68 mol KOH 
 
#2)  0.20 mol NaOH 
 
#3)  56 mL HCl 
 
#4)  0.128 M 
 
#17) To a measured quantity of an acid (or base) of unknown concentration, drops of a base (or 
acid) of known concentration are added until the equivalents of base equal the equivalents of 
acid. The unknown concentration is calculated from setting a stoichiometry calculation line with 
mole ratio. 
 



#18) a.  H2SO4  +  2 KOH  →  2 HOH  +  K2SO4 Salt = Potassium Sulfate 
        b.  HCl  +  LiOH  →  HOH  +  LiCl Salt = Lithium Chloride 
        c.  2 H3PO4  +  3 Ca(OH)2  →  6 HOH  +  Ca3(PO4)2 Salt = Calcium Phosphate 
        d.  2 HNO3  +  Mg(OH)2  →  2 HOH  +  Mg(NO3)2 Salt = Magnesium Nitrate 
 
#19) a.  0.2 mol b.  2 mol c.  0.2 mol 
 
#36)  Acid + Base → Water + Salt 
 
#37) a.  HNO3  +  KOH  →  HOH  +  KNO3  
        b.  2 HCl  +  Ca(OH)2  →  2 HOH  +  CaCl2  
        c.  H2SO4  +  2 NaOH  →  2 HOH  +  Na2SO4   
 
#38)  Neutralization occurs. 
 
#39) a.  1.40 M b.  2.61 M 
 
#62) a.  2 HCl  +  Mg(OH)2  →  2 HOH  +  MgCl2  
        b.  2 HCl  +  CaCO3  →   H2O  +  CO2 +  CaCl2  
        c.  Al(OH)3  +  3 HCl  →  3 HOH  +  AlCl3  


