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Lab Section _______

       INSTRUCTIONS:

1. This examination consists of a total of 8 different pages.
The last three pages include a periodic table, a table of
vapor pressures for water, a solubility table, and a table of
ionic structures and packing.  All work should be done in
this booklet.

2. PRINT your name, TA's name and your lab section
number     now      in the space at the top of this sheet.     DO
NOT SEPARATE THESE PAGES    .

3. Answer all questions that you can and whenever called
for show your work clearly.  Your method of solving
problems should pattern the approach used in lecture.
You do not have to show your work for the multiple
choice or short answer questions.

4. No credit will be awarded if your work is not shown in
problems 4, 5 and 9.

5. Point values are shown next to the problem number.

6. Budget your time for each of the questions.  Some
problems may have a low point value yet be very
challenging.  If you do not recognize the solution to a
question quickly, skip it, and return to the question after
completing the easier problems.

7. Look through the exam before beginning; plan your
work; then begin.

8. RelaxRelax and do well.
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(9) 1. Write the chemical formula(s) of the product(s) and balance the following reactions.  Identify all
products phases as either (g)as, (l)iquid, (s)olid or (aq)ueous. Soluble ionic compounds should be
written in the form of their component ions.

a) Al(s)     +    KOH(aq)   +    H2O(l)   →

b) Na2CO3(s)     +    HCl(aq)   →

c) Na3PO4(aq)     +   Ba(NO3)2(aq)   →

(4) 2. Write the ionic and net ionic chemical equations for 1b).

1b)
Ionic equation:

Net Ionic equation:

(12) 3. When a liquid solute is added to a liquid solvent we discussed three steps important to the solution
process as it related to the enthalpy of the solution.

 
a) List the three steps and indicate whether the step is exothermic or endothermic;

b) In terms of these three steps explain why a particular solute does not dissolve in a particular
solvent.
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 (10) 4. A certain metal has a density of 10.200 g mL-1 at 25 ˚C.  It crystallizes in a body-centered cubic unit cell
with an atomic radius of 1.36 x 10-8 cm.  Calculate the molar mass of the element and identify the
substance.

(10) 5. In magnesium oxide the ionic radius of Mg2+ is 0.65 Å and the ionic radius of O2- is 1.40 Å.  Assuming
the oxide ion defines the unit cell and the cation occupies holes in the lattice, describe a probable
structure for the ionic compound.

(6) 6. Give the name or draw the Lewis structure for each of the following compounds.

3-ethyl-3-methylpentane 2,5,5-trimethyl-3-hexyne
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(10) 7. Draw and name four of the structural isomers for C6H10.

(10) 8. Which member of the following pairs is more soluble in water?  Provide a brief explanation supporting
your choice.  Also provide a brief explanation why you ruled out the other choice.

a) HCl or C4H9Cl

b) CH3NH2 or (CH3)3N
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 (29) 9. A solution of formic acid, HCOOH, is prepared by 54.0 g of formic acid in enough water to make 250
mLs of solution.

a) calculate the molarity of the solution;

b) the solution described above is also 20.0 % by weight formic acid.  Calculate the mole fraction of formic
acid in the solution;

c) assuming formic acid is a nonvolatile, nonelectrolyte calculate the freezing point of this solution;

d) formic acid is actually a weak acid.  Suggestion a reasonable experimental freezing point (do not
calculate) for this solution?  Explain your answer.

e) Calculate the density of the solution.
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Useful Information

∆T = ikm kf(H2O) = 1.86 
˚C
m  kb(H2O) = 0.512 

˚C
m  

R = 0.0821 
L·atm
mol·K  = 8.314 

J
mol·K 

Psolution = χ solvent P˚solvent

edge length (l) = 2r edge length (l) = 2 2· r edge length (l) = 
4r

3
 

density of H2O = 1.00 
g

cm3 6.023 x 1023
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Temperature (°C) Vapor
Pressure(mmHg)
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Solubility Table

   Ion        Solubility        Exceptions   
NO3

– soluble none

ClO4
– soluble none

Cl– soluble except Ag+, Hg2
2+, *Pb2+

I– soluble except Ag+, Hg2
2+, Pb2+

SO4
2– soluble except Ca2+, Ba2+, Sr2+, Hg2+, Pb2+, Ag+

CO3
2– insoluble except Group IA and NH4

+

PO4
3– insoluble except Group IA and NH4

+

-OH insoluble except Group IA, *Ca2+, Ba2+, Sr2+

S2– insoluble except Group IA, IIA and NH4
+

Na+ soluble none
NH4

+ soluble none

K+ soluble none
*slightly soluble
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Simple Ionic Structures Grouped According to Anion Packing

Structure Name Anion Packing
Coordination

Number
Sites Occupied

by Cations Examples
Rock Salt ccp 6:6 MO all octahedral NaCl, LiF,

KBr, CdO, FeO
Zinc Blende ccp 4:4 MO 1

2
  tetrahedral ZnS, BeO, SiC

Antifluorite ccp 4:8 M2O all tetrahedral Li2O, sulfides
Rutile distorted ccp 6:3 MO2 1

2
  octahedral TiO2, GeO2,

MnO2, OsO2
Perovskite ccp 12:6:6 ABO3 1

4
  octahedral(B) CaTiO3,

SrSnO3
Spinel ccp 4:6:4 AB2O4 1

8
  tetrahedral(A)

1
2
  octahedral(B)

MgAl2O4,
FeAlO4

Cesium
Chloride

simple cubic 8:8 MO all cubic CsCl, CsBr,
CsI

Florite simple cubic 8:4 MO2 1
2
  cubic CaF2, UO2,

ThO2

Lattice Types and Radius Ratios of Cations and Anions

Radius Ratio Coordination Number of
(Cation/Anion)Lattice Type Cation Anion

A. 1:1 Stoichiometry of Salt (MX)

0.225 – 0.414 Zinc Blende 4 4
0.414 – 0.732 Rock salt (NaCl) 6 6
0.732 – 1.000 Cesium chloride 8 8

B. 1:2 Stoichiometry of Salt (MX2)

0.225 – 0.414 Beta-quartz 4 2
0.414 – 0.732 Rutile (TiO2) 6 3
0.732 – 1.000 Fluorite (CaF2) 8 4


