Chem 112-2008

Practice Exam 1 Answer Key

Bonding and Molecular Structure

1. 8 pts       Draw Lewis structures for the following molecules.

	O3
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	PCl3
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2. 6 pts      For the following compounds, state what types of hybrid orbitals are used by the central atom.

	The right-hand carbon in:
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                                 Hybridization: sp2


	The right hand C atom in:
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                                      Hybridization: sp



3. 12 pts   For the following molecules, determine the electron-pair geometry and the molecular geometry. Draw a 3D sketch of the molecule and note all bond angles.
	CS2
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Electron Geometry:  linear
Molecular Geometry: linear


	NCl3
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Electron Geometry:  tetrahedral
Molecular Geometry: trigonal pyramidal


	BrCl5
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Electron Geometry:  octahderal
Molecular Geometry: square pyramidal



4.  8 pts    For each of the following molecules, determine if the bonds are polar and indicate that by drawing bond dipoles. Determine if the molecule is  polar or nonpolar. If polar, draw the direction of the molecular dipole.
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CH2CH2
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CH3OH
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CH2O
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5.  8 pts     Using valence bond theory, fully describe the bonding in a molecule of O2. You must draw labeled sketches of the bonding that indicates orbitals used and types of orbitals formed.
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6. 6 pts     Semiconductors are characterized by a large number of orbitals that are filled and another large set of orbitals that are vacant, but at slightly higher energy. Electrons can be promoted to the higher energy orbitals by absorbing heat or light. This explanation is best made using:


valence bond theory

or

molecular orbital theory
7.  12 pts   Consider the molecular orbital diagram below. Fill in electrons for O2.  Determine the bonding parameters listed below.
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Net number of sigma bonds: 1    
Net number of pi bonds: 1

Total Net bonds: 2


Diamagnetic or Paramagnetic?

8. 6 pts   a. If an electron is added to O2 to make O2-, does the bonding become stronger or weaker?

weaker

 b. If an electron is removed from O2 to make O2+, does the bonding become stronger or weaker?

stronger

Kinetics
1. 

List four things that can influence the rate of a reaction. For those that you list that are quantitative, note if the reaction rate will increase if the thing you note increases.

concentration of reactants, temperature, activation energy, presence of a catalyst

2.
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Introduction

A general reaction is the formation of molecule C.
from two reactant molecules, & and B

A+B—C

‘The reaction was run muliple times at constant
temperature using difierent initial concentrations
ofthe two reactants. The iniial rates obtained are
included in the table below.

The rate equation is ofthe form:

Rate = k Afordra [Blorerd. moliL=min

3

ELmol_ BLmol__rale.molmn
Tl 0723 0739 0471
Tid2 1446 0739 0471
Tid3 0723 1598 0gs1
T4 0437 0239 0181
Rate = k [AJorders [B]order





Find the rate law by the initial rates method.

The rate law is in the form: Rate = k[A]x[B]y
Using trials 1 and 2, notice that [B] is constant and that [A] doubles. Note, then, that when [A] doubles, the rate does not change. Therefore, the reaction is zero-order in A.

Using trails 1 and 3, [A] is constant and [B] doubles. When this happens, the rate also doubles. Therefore, the reaction is first-order in B.

The rate law is therefore: Rate = k[B]

Now we need to find k using one of the trials (it does not matter which).
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3.
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The general reaction used for this is:
aA—cC

“The concentration vs. time data below were

collected by running the reaction at a constant

temperature. These are data taken for a single
rial ofthe reaction,

Answer
Complete the rate law below by filing
in each hox
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07470
01850
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The rate law is of the form:  Rate = k[A]x
Need to make three plots to find the order. If the reaction is zero order, a plot of [A] vs. time is linear. If ln[A] vs. time is linear, it’s first order. If 1/[A] vs. time is linear, then it’s second order. For the linear plot, the absolute value of the slope is the rate constant, k.
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Notice that the 1/[A] plot is linear, so the reaction is 2nd order. The slope, 4.0657 is the rate constant.

So,

Rate = k[A]2

k = 4.0657

4. 
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Enter your response, then Submit.





Use the concentration-time equation for a first order reaction. It has two forms:
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In this case, we’re looking for [R]t, so the one on the right is easier to use.


[image: image28.wmf]-(0.0067/min)(5.6 min)

25t

[NO] = 0.83 M e = 0.80 M


5. 

The half-life for decay of 238U is 4.5 billion years. If we have a rock for which 23% of the 238U originally present has decayed, how old is the rock?

This is also a first order process and in this case we’re looking for the time. So, we use the equation on the left above in Q4. If 23% has decayed, the 77%, or 0.77 fraction, remains.
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t = 1.70 x 109 years  

6.
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Make a plot of ln k vs. 1/T. The slope = Ea/R.

ln k vs. 1/T plot:

[image: image31.png]I
00025 00027 0.0029 00031 0.0033 0.0035
21

04
y=-12249¢ + 30,834

12




Ea = 8.314 J/K x 12249 = 102,000 J

7.

Draw a reaction coordinate diagram for a reaction that has an activation energy of 125 kJ and an overall energy change of -50 kJ. Be quantitative in terms of placement of items.

8.

Consider the following mechanism:

[image: image32.png]Stepl Bimolecular  NHz + OC1™ — NHCl + OH
Step2 Bimalecular NH,CI + My —>NoHg* + 01"

Step3  Bimolecular Notg* + OH- —>Nghg + KO




a. What is the overall reaction this mechanism describes?


2 NH3 +  OCl- ( N2H4 + H2O + Cl-

b. Which species, if any, are intermediates in the reaction?


NH2Cl, OH-, N2H5+

c. If the first step is the slowest step (the “rate determining step”) what is the rate law for the reaction?


Rate = k[NH3][OCl-]

Thermodynamics

Q1. a. Using (Hof values and So values, determine (Ho and  (So for the following reaction:


Cr2O3(s) +  3 C(s) ( 3 CO2(g) + 4 Cr(s)
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b. What is the value of (S of the universe for this reaction at 20 oC? Is the reaction favored to occur at that temperature?
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no, it is not favored because the entropy change for the universe is negative.

c. What is the value of (Go for the reaction at 20 oC?
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d. In what temperature region will the reaction be favored to occur?
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Reaction is favored at high temperatures (because it is entropy favored and enthalpy disfavored). So, it is favored at temperatures above 1950 K.

Q2. For the following pairs, determine which has higher entropy.

a. H2O(s) at 0 oC 
or
H2O(l) at 0 oC

b. CH3CH3

or
2  CH3
c. CH4

or

CH3CH​3
[image: image38.png]10. 5 points
Below are four combinations of signs of AH and AS. For each, choose the temperature
range for which a reaction with those AH and AS signs will be favored.

(enter the choice number for each example)

a. AH = positive; AS = positive Lf

CHOICES:
b. AH = negative; AS — negative 3 1. favored at all temperatures
g T 2. not favored at any temperature
T ; 3. favored at low temperatures
o AERSLEIAS S nogelive 4. favored at high temperatures

d. AH = negative; AS = positive I
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