CHEM 100 Name
Exam 2 Summer 2010

Part I. Multiple choice. Circle the correct answer for each problem. 3 points each
1. Water is a liquid at room temperature while methane is a gas. Which statement compares the
intermolecular forces in these molecules correctly?
A) Both water and methane have the same intermolecular forces.
B) The intermolecular forces in water are stronger than those in methane.
C) The intermolecular forces in methane are stronger than those in water.
D) There is not enough information to compare these forces.
2. Which of the following is the weakest?

A) dipole forces C) ionic bonds
B) hydrogen bonds D) dispersion forces
3. Which of the following does not contain Avogadro's number of particles?
A) 6.02 x 10% atoms of silicon C) 23 g of sodium
B) 12 g of water D) 1.0 mole of carbon

4. A balloon is inflated outdoors on a cold day in North Dakota at a temperature of -40°C to a
volume of 2.00 L. The pressure remains constant. What is the volume of the balloon indoors
at a temperature of 25°C?

A)-3.2L C)2.0L
B)1.6L D)2.6L

5. Which of the following is NOT a postulate of the kinetic-molecular theory?
A) The molecules of a gas are strongly attracted to each other.
B) Molecules of a gas move rapidly and in straight lines.

C) If two molecules collide with each other, the total energy of the molecules before the
collision is the same as their total energy after the collision.

D) The molecules in a gas are tiny compared to the distance between them.

6. Ethanol (C,HsO) is a common intoxicant and fuel produced from the fermentation of various
grains. How many moles of ethanol are represented by 50.0 kg of ethanol?

A) 1085 mol. C) 46.1 mol.
B) 9.0 mol. D) 1.09 mol.

7. Interms if energy, the statement "you cannot break even" is another way of expressing
A) Boyle's law. C) the second law of thermodynamics.

B) the third law of thermodynamics. D) the first law of thermodynamics.



8. Which region of the soap molecule shown dissolves most easily in nonpolar materials such as

grease?
Region)
A
H HH HH HH HH HH HH H|H H-\ O
N/ A\ N/ A\ N/ N N/ |\ Il |
“/C‘\C/C‘\C/C‘\C/C\C/C\C/C\C/C\C /C\.C, ¢ o Na'
A N N BN N N o £ ‘
H HH HH HH HH HH HH|HH H Region 4
Region | Y,
Region2 )
A) Region 1 C) Region 3
B) Region 2 D) Region 4

9. The phenomenon that is primarily responsible for the unusual physical properties of water
(such as its high boiling point) is:

A) ion-ion interactions C) ion-dipole interactions
B) hydrogen bonding D) dispersion forces
10. Which of the following covalent bonds would you expect to be the most polar?
A) C-C C)C-O
B) C-F D) C-H

Part Il. Complete each of the following. Point values are noted by each question. Report
numerical results to the correct number of significant figures and with the appropriate units.

11. Define th efollowiing terms. (8 points total, 4 each)
a. enthalpy: Energy transferred as heat

b. stoichiometry: Molecule per molecule, or mole per mole relationships in reactions that
allow us to relate one component of a reaction with another.

12. How many ammonia molecules are present in 4.48 L of ammonia gas at 0°C and 0.500 atm?
(6 points)

pV =nRT so: n = PV/RT. For 0°C, T = 273K

n = PV = (0.500 atm)(4.48 L) = 0.0999 mol
RT (0.0821 L atm mol™ K)(273 K)

0.0999 mol x 6.02 x 102 molecules = 6.01 x 10?2 molecules
1 mol




13. For the reaction below, how many grams of silver chloride can be prepared by reacting
1000.0 g silver nitrate with 4.45 g of magnesium chloride? (10 points)
2 AgNO; (aq) + MqgCl, (aq) — 2 AgCl (s) + Mg(NOs). (aq) (not balanced)

If AgNO;s is limiting reagent
1000 gAgNO;x 1 melAgNO;x 1 melAgEl x143.32 gAgGl=843.7 g AgCl
169.87g 1 melAgNO; 1 melAgtl

If MgCl; is limiting reagent
4.45 g-MgCl. x 1 melMgCl x 2 melAgEl x143.32 gAgGl=13.4 g AgCl
95.21g 1meltMgCl, 1 melAgCl

So, MgCl, must be the limiting reagent, producing 13.4 grams of silver chloride.

14. A student was asked to prepare exactly 250 mL of a 0.500 M aqueous potassium hydroxide
solution. What mass of potassium hydroxide must the student dissolve in the 250 mL of
solution? (8 points)

1L

1 molKOH

0.500 melKOH x 0.250L x 56.110gKOH = 7.01 g KOH

15. Rank the compounds below in order of boiling point, from lowest to highest. Clearly explain
your reasoning. (Hint: higher boiling points mean greater difficulty in breaking up
intermolecular interactions) (8 points)

Compound Propane Formic Acid Methyl Ether Ethanol
Formula CH3CH2CH3 CHCOOH CH3OCH3 CchHon
Molar Mass 44.1 g/mole 46.0 g/mole 46.1 g/mole 46.1 g/mole
. H H :0: HoH H
sewre | HEE | wdioow | MEEET | pp
H H H H*C*Q*H H H H

Rank Lowest Highest Second lowest Second highest
Dispersion . . Dispersion
:Dl\ﬁIeFS%rnctes Dispersion Dipole-Dipole D?Iglrzlrjsilogle Dipole-Dipole
Hydrogen Bonding P P Hydrogen Bonding

The key here is that an increase in the strength of the intermolecular forces present in a material
will lead to an increase in boiling point. Since propane only experiences dispersion forces, it has
the lowest boiling point. Methyl ether can undergo stronger dipole-dipole interactions and has a
higher boiling point. Both formic acid and ethanol undergo hydrogen bonding as well, but the acid
has more polar bonds and greater opportunity for hydrogen bonding (they have a hydrogen bound
to an oxygen that has a lone pair of electrons), and therefore the highest boiling point.

IMPORTANT: COVALENT BONDS ARE NOT BROKEN WHEN SOMETHING BOILS



Part Ill. Complete 3 of the following 4 problems. Clearly mark the problem you do not want
graded. Each problem is worth ten (10) points. You must show you work on calculations to
receive partial credit. Report numerical results to the correct number of significant figures and
with the appropriate units.

16. For the following, consider the reaction between potassium carbonate and ammonium nitrate
to prepare potassium nitrate:

K2COs3 (s) + 2NH4NO; (s)— 2KNO; (s) + CO, (g) + H20 (g) + 2NH3 ()

a. How many kg of potassium nitrate can be prepared from 1.2 kg potassium carbonate and
an excess of ammonium nitrate? (6 points)

1.2 kg K003 x 1000 gx 1 melK.C0;x 2 molKNO; x101.11 gKNO;x 1kg =1.76 kg KNO;
1kg 13828g 1molK.CO; 1molKNO, 1000 g

b. How many moles of carbon dioxide can be prepared by mixing 1.2 mol potassium
carbonate and 1.0 moles ammonium nitrate? (4 points)

We need to figure out which one runs out first (limiting reactant). This will determine the

maximum product.

KoCOs: 1.2mebKCO; x 1molCO, = 1.2 mol CO, possible
1 mel—KgGQQ,
NHsNO3: 1.0 melNHNO,; X 1 mol CO, = 0.5 mol CO, possible
2 m-G-I—NH-4N-gg

Therefore, ammonium nitrate is the limiting reactant and will run out after forming 0.5 mol CO,

17. Copper (ll) sulfide can be converted to copper metal by reaction with oxygen in the reaction
below. What volume of SO, (at STP) would be made from the complete conversion of 1,100 g
of CuS ore?

CuS + O, —» Cu + SO,

1100gCuS x 1melCuS x 1mol SO, = 11.505 mol SO,
95.60 g 1 molCuS

V = nRT = (11.505 mel)(0.0821 L atm mel” K)(273K) = 257.9L=260L
P (1 atm)




18. Consider the solubility of ethanol and octane in water. Explain why ethanol is much more
soluble in water than octane.
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Lets look at the three types of molecules:

1. Octane: since octane is only carbon and hydrogen, and since C and H have similar
electronegativities, bonds in a molecule of octane are nonpolar, resulting in a nonpolar
molecule. The predominant types of intermolecular force present in nonpolar,
hydrocarbon-containing molecules are weak dispersion forces.

2. Ethanol: Ethanol is composed of C, H and O, resulting in both polar and nonpolar bonds.
The addition of polar bonds introduces dipole-dipole interactions. Ethanol is also able to
undergo hydrogen bonding interactions because of the alcohol functional group as well as
weak dispersion forces.

3. Water: Water is composed of H and O, resulting in very polar bonds and strong dipole-
dipole interactions. Water is also able to undergo strong hydrogen bonding interactions as
well as weak dispersion forces.

The great dissimilarity between the IM forces in octane and water makes it difficult for them to

interact (dissolve). It requires a fair amount of energy for a molecule to disrupt water's IM

forces and dissolve. Since ethanol and water share the same types of IM forces, they can

more readily interact with one another and dissolve.

19. A student, Kimmy Nurd, conducted the malachite to copper conversion experiment that we did
in lab. She started with 1.135 grams of malachite and performed the roasting and reduction
steps in the same way we did in lab. After cooling and cleaning her beads, the final mass of
copper was determined to be 0.598 grams. What was her percent yield for the overall
process?

Roasting: CuyCO3(0OH),(s) — 2 CuO(s) + CO,(g) + 2H,0(g)
Reduction: 2 CuO(s) + C(s) » 2 Cu(s) + CO4(g)

To calculate a percent yield, we first need a theoretical yield:
1.135 g Cu,CO3(0OH), x 1 mol X 2 mol CuO =0.01027 mol CuO
221.1g Cu,CO3(OH), 1 mol CuyCO5(0OH),

0.01027 mol CuO x 2 mol Cu x 63.54 g Cu = 0.652g Cu possible = theoretical yield
1 mol CuO 1 mol Cu

Now we can determine the % yield:
% yield = actual x100% = 0.598g x100% = 91.7 %yield
theoretical 0.652 g



Possibly Useful Information

PV = nRT R =0.0821 L atm/(mol K)
PiVy =P,V; ViIT1=VoT,
K=°C +273.15 STP: P=1atm, T=273K

Don’t walk between parked cars...or moving N, = 6.02 x 102 mol
A — O.
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