Chemistry – 2nd Semester Review for Final Exam
Molar Quantities

1) Describe how Avogadro’s number is related to a mole of any substance. Avogadro’s Number is 6.02x1023. If there are 6.02x1023 units of anything, there is a mole of that substance.
2) Calculate the molar mass of the following:

a) aluminum nitride 41 g
b) calcium sulfate 72 g
c) magnesium hydroxide  58 g
d) sodium thiosulfate 158 g
3) What is Avogadro's constant? 1 mole
4) How many moles are in 5 g of C2H5OH? 0.109 mol 
5) How many grams are in 5.0 x 1024 formula units of ammonia? 141 g
6) Calculate the percentage composition of the following:

a) iron(II) oxide  FeO = 72g Fe=78% O=22%     
b) silver sulfide 87% Ag, 13%S
c) sodium nitrate Na=27% N=16% O=57%
d) Sr(CH3COO)2
Sr=43% C=23% H=3% O31

7) What is a hydrate? A compound in which the ions are attached to one or more water molecules.
8) How does the empirical formula differ from the molecular formula? Empirical formula is the molecular formula in the lowest ratio 
9) Calculate the empirical formula for compounds with the following compositions:

a) Fe 63.5%;  
S 36.5%    FeS
b) Mn 63.1 %; 
S  36.9%   MnS
10) Explain what the term mole ratio means and when do you use it. A mole ratio is a ratio of the moles of each substance in a chemical equation. It is used in stoichiometric calculations. 
11) How many moles of O2 are in 34.2 L of O2 at STP? 1.53 mol O2
12) How many grams are in 25 grams of sodium phosphate? 0.22 mol Na3PO4
Stoichiometry

13) Define Stoichiometry. is the calculation of quantitative (measurable) relationships of the reactants and products in a balanced chemical reaction
14) Of the following, what is conserved/balanced in a chemical reaction:  mass, atoms, molecules, moles. Mass, atoms
15) If 20 g of magnesium reacts with excess hydrochloric acid (HCl), how many grams of magnesium chloride are produced?

Mg  +  HCl ---(  MgCl2   +   H2  
78 g

16) How many grams of Na are required to react completely with 75.0 grams of chlorine using this reaction:            2 Na + Cl2 ---> 2 NaCl   49 g Na
17) Given this equation: 2 KI + Pb(NO3)2 --> PbI2 + 2 KNO3 calculate mass of PbI2 produced by reacting of 30.0 g KI with excess Pb(NO3)2    41.4 g
18) How many moles of O2 can be produced by letting 12.00 moles of KClO3 decompose? 3 mol O2
19) Consider the following unbalance equation: 

HCl +MnO2 (H2O +MnCl2 +Cl2
You have 5.00 grams of manganese (IV) oxide:

a. How many moles of manganese (IV) oxide do you have?  0.057 mol
b. How many moles of hydrochloric acid do you need?  0.24 mol HCl
c. How many grams of hydrochloric acid do you need?  8.76g HCl
d. How many grams of each product would be formed?  2.16 g H2O, 7.56 g MnCl2, 4.26 g Cl2
e. Prove that mass has been conserved in this reaction. 233 g (233g
20) How many liters of oxygen are required to react completely with 3.6 liters of hydrogen to form water? 1.8 L O2
21) How many grams of chromium are needed to react with an excess of CuSO4 to produce 27 g Cu? 

2Cr(s) + 3CuSO4(aq) ( Cr2(SO4)3(aq) + 3Cu(s)    14.7 g Cr
22) Calcium oxide, or lime, is produced by the thermal decomposition of limestone in the reaction:  

CaCO3(s) ( CaO(s) + CO2(g).   
What mass of lime can be produced from 1.5 x 103 kg of limestone? 8.4 x 105 g
23) If 30.0 g of sodium chloride reacts with excess sulfuric acid, how many grams of hydrogen chloride are produced?   NaCl   +   H2SO4 ---(   HCl   +   Na2SO4  18.7 g HCl
Stoichiometry – Limiting Reagent

24) What is a limiting reagent? A reactant with a specific amount that limits the amount of th product produced.
25) How is a limiting reactant problem different from other stoichiometry problems?  (What is your clue that the problem involves a limiting reactant?)

26) Lithium nitride is prepared by the reaction of lithium metal and nitrogen.  Calculate the mass of lithium nitride formed from 56g of nitrogen and 56g of lithium. 130 93.3 g Li3N2
27) What would be the limiting reagent if 53.4 grams of C2H4O2 were reacted with 42.7 grams of O2?  How much of both products would be produced? O2; 58.7 g CO2; 24 g H2O
Percent Yield

28) In a particular reaction between copper metal and silver nitrate, 12.7 g Cu actually produced 38.1 g Ag.  What is the percent yield of silver in this reaction? 

Cu + 2AgNO3 ( Cu(NO3)2 + 2Ag    88%
29) Lead nitrate can be decomposed by heating.  What is the percent yield of the decomposition reaction if 9.9 g Pb(NO3)2 is heated to give 5.5 g of PbO? 

2Pb(NO3)2(s) ( 2PbO(s) + 4NO2(g) + O2(g)   82.4 % 
Percent Composition

30) Calculate the percentage composition of the following:

a. iron(II) oxide

b. silver sulfide

c. sodium nitrate

d. Sr(CH3COO)2
31) Find the percent composition of each element in the following:

a. ammonium bromide  98 g; N=14%; H=4%; Br=82%
b. phosphorus tribromide  271 g; P=11%, Br=89%
c. scandium hydroxide  62 g; Sc=73%; O=25%; H=2%
d. hydrogen telluride 130 g; H=1.5%; 98.5%
e. calcium acetate

158 g; Ca = 25%; C=30%; H=4%; O=41%

Empirical/Molecular Formulas

32) How does the empirical formula differ from the molecular formula? The empirical formula is the molecular formula in its lowest ratio.
33) Write empirical formulas for the following:

a. C6H6  CH
b. C6H12O6 CH2O
c. Ag2C4H4O6
AgC2H2O3



d. Li2OH4
    Li2OH4
34) Calculate the empirical formula for compounds with the following compositions:

a. Fe 63.5%;  
S 36.5%

b. Mn 63.1 %; 
S  36.9%

35) What is the molecular formula for each compound?  Each compound’s empirical formula and molecular molar mass are given.

a. CH2O, 90 g/mol C3H6O3
b. HgCl, 472.2 g/mol Hg2Cl2
c. C3H5O2, 146 g/mol C6H10O4
36) Determine the molecular formula for each compound.

a. 94.1%O and 5.9% H; molar mass = 34 g/mol  O2H2
b. 40.0% C, 6.6% H, 53.4% O; molar mass = 120 g/mol  C4H8O4
Gases
37) A gas occupies a volume of 560 cm3 at a temperature of 120 oC.  To what temperature must the gas be lowered, if it is to occupy 400.0 cm3?  Assume a constant pressure. 7 oC
38) A gas is confined in a cylinder with a movable piston at one end.  When the volume of the cylinder is 760.0 cm3 the pressure of the gas is 125.0 kPa.  When the cylinder volume is reduced to 450.0 cm3, what is the pressure?    211 kPa
39) The volume of gas (held at constant pressure) is to be used “as a thermometer.”  If the volume at 0.0 oC is 75.0 cm3, what is the temperature when the measured volume is 56.7 cm3?   -66 oC
40) Calculate the volume occupied by 2.5 mol of an ideal gas at STP   56 L
41) Make the indicated corrections in the following gas volumes.  Assume constant temperature.

a. 130 cm3 at 70.0 kPa to 102.3 kPa     88.9 cm3  OR  0.088 L
b. 75 m3 at 41.9 kPa to 86.7 kPa           36.2 m3  OR  3.6 X 10^4 L
c. 400.0 cm3 at 92.6 kPa to 89.3 kPa      414 cm3 OR .415 L
42) A flask containing 90.0 cm3 of hydrogen was collected under a pressure of 97.5 kPa.  At what pressure would the volume be 70.0 cm3, assuming the temperature is kept constant?  125 kPa
43) Change 36.9 ml at 27 oC and 794 torr to standard conditions, what will the new volume be? 35 mL OR 0.035 L
44) Change 625 cm3 at –15 oC and 93.6 kPa to –35 oC and 99.9 kPa, what will the new volume be? 540 cm3 OR 0.540 L
45) If a gas at 25.0oC occupies 3.60 liters at a pressure of 1.00atm, what will be its volume at a pressure of 2.50atm?   1.44 L 
46) The partial pressure of helium is 13.5 kPa in a mixture of helium, oxygen, and methane gases.  If the total pressure is 96.4 kPa and the partial pressure of oxygen is 29.3 kPa, what is the partial pressure of the methane gas?   53.6 kPa
47) An open manometer is filled with mercury.  The difference in the mercury level in the arms is 81.2 mm.  The mercury level is higher in the gas sample arm.  What is the pressure, in kilopascals, of the gas in the container if the air pressure is 95.6 kPa?    84.7 kPa 
Periodic Properties and Bonding

48) Why is the radius of a positive ion always less than the radius of its neutral atom?

49) Of the following atoms, which one has the smallest first ionization energy? Carbon, silicon, aluminum, boron.  Aluminum
50) Define ionization energy, electron affinity, and electronegativity.

51) As the distance between the nucleus and the outer electrons of an atom increases, will the ionization energy increase or decrease? decrease
52) In a period, will the ionization energy tend to increase or decrease.  Increases left to right
53) Classify the following bonds as nonpolar covalent, polar covalent, or ionic:
a) Ni – O covalent

b) B-N polar covalent
c) Ca-Cl ionic
d) Fe-Si ionic
e) Na-F ionic
f) Co-C ionic
54) How does shielding affect the ionization energy?
55) How many valence electrons are there in an atom of phosphorus? 5
56) What is the electron configuration of the calcium ion, Ca2+? 1s22s22p63s23p6
57) How many electrons does barium have to give up to achieve a noble-gas electron configuration? 2
58) What is the formula of the ion formed when potassium achieves noble-gas electron configuration? K+
59) What is the charge of a particle having 9 protons and 10 electrons? -1
60) What is the charge on the cation in the ionic compound, sodium sulfide? +1
61) Ionic compounds are normally in which physical state at room temperature? solids
62) What are the characteristics of most ionic compounds?

63) What characteristic of metals makes them good electrical conductors?

64) How many valence electrons does an atom of any halogen have? 7
65) According to VSEPR theory, molecules adjust their shapes to keep which of the following as far apart as possible?

66) What is the shape and polarity of SF42-? Square planar
67) Draw the dot diagram of the following molecules, name their VSEPR shape, and tell if they are polar or nonpolar.

a) H2O bent, polar
b) CO2 linear, nonpolar
c) NH3 tiangular pyramidal
d) CH3Cl tetrahedral, polar
e) HCN linear, polar
f) Cl2 linear, nonpolar
g) N2 linear, nonpolar
h) CO linear, polar

Thermo and Phase Changes
Use the data table below, heating curves, dimensional analysis, to answer 68-71
	Substance
	Specific Heat (J/gK)
	MP (oC)
	Hfus (kJ/mol)
	BP (oC)
	Hvap (kJ/mol)

	H2O(s), ice
	2.09
	0.00
	6.02
	-
	-

	H2O(l), water
	4.18
	-
	-
	100.00
	40.7

	H2O(g), steam
	1.84
	-
	-
	-
	-


68) Calculate the amount of heat required to change 80.0 g of ice at  _12.0 oC to steam at 114 oC.

245,000 J or 245 kJ
69) How much heat is transferred in the process of completely melting a 1.6-kg block of ice starting at _15.0 oC?  Is this process endothermic or exothermic?  580,000 J or 580 kJ, Endothermic
70) How much heat is exchanged with the environment when a sample of steam with a temperature of 109 oC condenses to 3.6 mL of liquid water with a density of 0.997 g/mL at 25.0 oC?  Is this process endothermic or exothermic?  9,300 J or 9.3 kJ, Exothermic
71) Calculate the amount of heat transferred when 2.0 L of water at 25.0 oC (density = 0.997 g/cm3) is frozen to _10.0 oC.  Is this process exothermic or endothermic? -920,000 J  or -920kJ, Exothermic
72) The normal boiling and freezing point of argon are 87.3 K and 84.0 K, respectively.  The triple point is at 82.7 K and 0.68 atm.  Use the data to draw a phase diagram for argon.  Label the axes and label the regions in which the solid, liquid, and gas phases are stable.  On the phase diagram, show the position of the normal boiling point.  The normal melting point should correspond to 1 atm and 84 K and the normal boiling pt should correspond to 1 atm and 87.3
73) The specific heat capacity of graphite is 0.71 J/(g x oC). Calculate the energy required to raise the temperature of  750g of graphite by 160oC. 85,200 J
74) How many calories are there in 164 joules?  (1 cal = 4.18 J) 39.23 cal
75) If 500 g of iron absorbs 22 000 cal of heat, what will be the change in temperature?  (specific heat of 0.11 cal/goC) 391 oC
76) How much heat is required to melt 1.6 moles of NaCl (∆Hfus = 30.2 kJ/mol) at its melting point? 48.32
77) A process that absorbs heat is a(n) _endothermic____ process.
78) If you were to touch the flask in which an endothermic reaction were occurring, the flask would feel__cold___.
79) The quantity of heat required to change the temperature of 1 g of a substance by 1oC is defined as _specific heat____.
Scientific Method

80) Distinguish between independent and dependent variables. Ind – purposely changed, dep - measured
81) What is the difference between control group and constants in a scientific experiment? Control group is used to compare all other trials to and the independent variable is not changed for.  Constants – anything that stays the same in the experiment.
SENIORS EXAM STOPS HERE!
Acids/Bases

82) Write all three definitions of acids and bases.  (Arenhius, Bronsted-Lowry, Lewis)
83) Write the formulas for the following acids:
a. Nitrous acid HNO2
b. Phosphoric acidH3PO4
c. Sulfuric acid H2SO4
d. Sulfurous acid H2SO3
e. Hydrobromic acid HBr

84) Calculate the pH of the following solutions and indicate whether they are acidic, basic, or neutral.

a. [H+] = 1.0 x 10-2M  2, acidic
b. [OH-] = 1.0 x 10 -2M   10, basic
c. [H+] = 1.0 x 10-6M  6, acidic
85) What are the hydroxide ion concentrations for solutions with the following pH values?

a. 4.00 1 x 10-10
b. 8.00 1 x 10-6
86) 12.00 1 x 10-2

87) Classify each as an Arrhenius acid or an Arrhendius base and identify each acid as monoprotic, diprotic, or triprotic.

a. Ca(OH)2 base
b. HNO3 acid, mono
c. KOH base
d. HBr acid, mono
88) H2SO4Acid, diprotic

89) Identify the Bronsted-Lowry acid, base, conjugate acid, and conjugate base in each of the following reactions.

a. HNO3  +  H2O  ((  H3O+  +  NO3-
A
     B

CA
CB

b. CH3COOH  +  H2O  ((  H3O+  +  CH3COO-
A

B

CA
CB

c. NH3  +  H2O ((  NH4+  +  OH-
B
A
       CA
CB

d. H2O  +  CH3COO-  ((  CH3COOH  +  OH-
A
   B


CA
      CB

e. KOH  +  HBr ((  KBr  +  H2O

B
  A

CB
CA
90) What is an amphoteric substance?

91) What is a Lewis Acid and Lewis Base?

92) What is an electrolyte?

93) Identify each as a strong acid, strong base, weak acid or weak base.

a. NaOH  SB
b. HCl  SA
c. NH3  WB
d. H2SO4  SA
e. HNO2WA

