
CHEM 1314 3;30 pm Theory Name ________________________
Exam  III
John III. Gelder TA's Name ________________________
November 13, 2002

Lab Section ______________________

       INSTRUCTIONS:

1. This examination consists of a total of 8 different pages.
The last page include a periodic table and some useful
equations.  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.

4. No credit will be awarded if your work is not shown in
problems 5a, 5c, 7b, 8fi and 8fii.

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. RReellaaxx and do well.
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SCORES _____ _____ _____  _____ _____ ______
(31) (20) (17) (22) (10) (100)
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(9) 1. Write the chemical formula(s) of the product(s) and balance all of the following reactions.  Identify all
products phases as either (g)as, (l)iquid, (s)olid or (aq)ueous

a)    Mg(NO3)2(aq)     +   Na2CO3(aq) →   MgCO3(s) + 2NaNO3(aq)

b)    2HCl(aq)   +    Ba(OH)2(aq)  →  BaCl2(aq) + 2H2O(l)

c)   2Cr(s)  +    3NiSO4(aq) → Cr2(SO4)3(aq)  +   3Ni(s)

(6) 2. Write the ionic and net ionic chemical equations for 1a) or 1b).

Ionic equation:

Mg2+(aq) + 2NO3
–(aq) + 2Na+ (aq)  + CO3

2–(aq) → MgCO3(s) + 2Na+ (aq) + 2NO3
–(aq)

Net Ionic equation:

Mg2+(aq) + CO3
2–(aq) → MgCO3(s)

(12) 3. Write the complete electron configuration and indicate the number of unpaired electrons for each of the
following species in their ground state,

i. Cu 1 unpaired electrons

1s22s22p63s23p64s13d10

ii. Na+ 0 unpaired electrons

1s22s22p6

iii. Re 5 unpaired electrons

1s22s22p63s23p64s23d104p65s24d105p66s24f145d5

(4) 4. Draw the orbital diagram for the valence electrons for selenium (Se) in its ground state
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(20) 5a. Calculate the wavelength, in nanometers, of a photon that will excite an electron in a hydrogen atom from
the n = 2 to n = 4 energy level.

∆∆∆∆E = –2.18 x 10–18 J 
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λλλλ  = 
c
νννν  and E = hνννν    

λλλλ  = 
hc
E   = 

6.626 x 10–34 J·s 3.00 x 108 
m
s  

4.09 x 10–19 J
  = 4.86 x 10–7 m

= 4.86 x 10–7 m 



109 nm

1 m  = 486 nm = 486 nm

b) Draw and label an energy level diagram for the hydrogen atom and show the transition for the electron as
stated in part a.

n = 1

n = 2

n = 3

n = 4
n = 5
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c) How much energy would be required to ionize an electron from the n = 4 level in a hydrogen atom?

∆∆∆∆E = –2.18 x 10–18 J 
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(9) 6. Draw the Lewis electron-dot structure for each of the covalent molecules below.

(a) SCN- (b) C3H6Cl2

H   C   C   C   H

Cl Cl.. .. ........H

H H H

(c) HBrO3

 (8) 7. Last week in laboratory you standardized a solution of NaOH of unknown concentration using KHP
(KHC8H4O4) by titration.

a) Write the neutralization equation that occurs when NaOH reacts with KHP.

KHC8H4O4  +  NaOH  →→→→         KNaC8H4O4  + 2H2O

b) Calculate the mass of KHP needed to react with 18.5 mLs of 0.115 M NaOH.

18.5 mLs 



1 L

1000 mL   



0.115 mol

1 L  



204 g

1 mol KHP   



1 mol KHP

1 mol NaOH  = 0.435 g KHP

..
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(32) 8. Short Answer:

a) according to the quantum mechanical model of the hydrogen atom, how many subshells are allowed in
the n = 4 shell? (2)

4 subshells

b) The three ions Ca2+, Cl–, K+ are isoelectronic.  Do they all have the same radius? Explain. (6)

No, they will all have different radii.  All have the same electron configuration
(1s22s22p63s23p6), but different in the number of  protons, Ca2+(20), Cl–(17), K+(19).

The effective nuclear charge is differ for each ion. Ca2+ has an ENC of +10, Cl– has an ENC of
+7, K+ has an ENC of +9.  So the valence electrons of Ca2+ feel a greater attraction to the
nucleus and has the smallest radius, next is K+ and then Cl– has the largest radius.

c) Provide a definition for an orbital.  (2)

A 3-dimensional region of space where the probability of finding an electron is high.

d) Do all orbitals have the same shape? Provide an example that supports your answer.  (2)

No, an ‘s’ orbital is spherical and a ‘p’ orbital has a dumbbell shape (3D).

e) Write the following chemical equations;  (10)
i) the formation equation for MgO;

Mg(s)     +   1/2O2(g)  →→→→         MgO(s)

ii) the equation describing the lattice energy of MgO;

MgO(s) →→→→         Mg2+(g)     +   O2-(g)

iii) is the lattice energy as described by the chemical equation in ii) endothermic or exothermic?
Explain.

The lattice energy is endothermic, because it takes energy to break an ionic bond.
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8. (Continued)

f) For the element Co; (10)
i) determine the effective nuclear charge on an electron in the n = 4 level;

1s22s22p63s23p64s23d7

The ENC on an electron in the n = 4 level is 27 – 25 = +2

ii) determine the effective nuclear charge on an electron in the n = 3 level;

1s22s22p63s23p64s23d7

The ENC on an electron in the n = 3 level is 27 – 10 = +17

iii) from which level and which sublevel will the first electron be ionized in Co? Explain.

The first electron is removed from the 4s sublevel because it takes the least amount of
energy, and the s sublevel is the only sublevel in the n = 4 level in cobalt.

iv) from which level and which sublevel will the third electron be ionized from Co? Explain.

The third electron is removed from the 3d sublevel because the 3d sublevel is the highest
in energy of the three sublevels in the n = 3 level. It takes the least amount of energy to remove
an electron in the highest energy level.
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Useful Information

 En = –2.18 x 10–18 J 
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Activity Series

Half-Reaction
Metal Reaction

Gold Au3+ + 3e–→ Au
Platinum Pt2+ + 2e–→ Pt
Mercury Hg2+ + 2e–→ Hg
Silver Ag+ + e–→ Ag
Copper Cu2+ + 2e–→ Cu
Hydrogen 2H+ + 2e–→ H2

Lead Pb2+ + 2e–→ Pb
Tin Sn2+ + 2e–→ Sn
Nickel Ni2+ + 2e–→ Ni
Cobalt Co2+ + 2e–→ Co
Iron Fe2+ + 2e–→ Fe
Chromium Cr3+ + 3e–→ Cr
Zinc Zn2+ + 2e–→ Zn
Manganese Mn2+ + 2e–→ Mn
Aluminum Al3+ + 3e–→ Al
Magnesium Mg2+ + 2e–→ Mg
Sodium Na+ + e–→ Na
Calcium Ca2+ + 2e–→ Ca
Barium Ba2++ 2e–→  Ba
Potassium K+ + e–→  K
Lithium Li+ + e–→ Li

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


