Chemistry 1A, Exam I Name

February 11,2014
Professor R.J. Saykally GSI

1. (40)

2. (40)

3. (40)

4. (40)

5. (40)

TOTAL EXAM SCORE (200)

Rules:

Work all problems to 2 significant figures

No lecture notes or books permitted

No programmable or graphing calculators permitted

Time: 90 minutes

Show all work to get partial credit

All answers must be written in the boxes provided

Periodic Table, Tables of Physical Constants, and Conversion Factors included
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Physical Constants

Standard Acceleration of terrestrial gravity

Avogadro's number
Bohr radius
Boltzmann's constant
Electron Charge
Faraday constant
Masses of fundamental particles:
Electron
Proton
Neutron
Ratio of proton mass to electron mass
Permittivity of vacuum
Planck's constant
Speed of light in vacuum

g =9.80665 m s” (exactly)
N,=6.022137 x 10%
a,=0.52917725 A =5.2917725 x 10" m
k,=1.38066 x 10*J K"
e=1.6021773 x 10" C
T=96,485.31 C mol"

m,=9.109390 x 10°' kg
m,=1.672623 x 10” kg
m,=1.674929 x 10* kg

m,/m, = 1836.15270
€,=8.8541878 x 10*C*J' m
h=6.626076 x 10> J s

¢ =2.99792458 x 10°m s (exactly)

Universal gas Constant R =8.31451J mol’ K'=0.0820578 L atm mol" K"

Conversion Factors

I atm =1.01325 x 10° Pa=1.01325 x 10° kg m"' s? (exactly)
1 u=1.660540 x 10” kg
1u=1492419x 10" J =931.4942 MeV (energy equivalent from E = mc2)

Standard Atmosphere
Atomic mass unit

Calorie 1 cal =4.184 J (exactly)
Electron volt 1eV=1.6021773 x 10" J = 96.48531 kJ mol"
Foot 1 ft=12 in = 0.3048 m (exactly)

Gallon (U.S.) 1 gallon =4 quarts = 3.78541 L (exactly)
Liter-atmosphere 1 L atm = 101.325 J (exactly)

Metric ton 1 metric ton = 1000 kg (exactly)
Pound 11b=16 0z=0.45359237 kg (exactly)
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1. (10 points each) Combustion of Butane
A)  Write the balanced chemical equation for the combustion of butane (C,H,,).

B) Calculate the mass of water produced by the complete combustion of 10.0g of butane.

C) Calculate the pressure in a 2.00 liter container containing 10.0g of butane at S00K.

D) Calculate the mole fraction of butane in the above system if 0.500 atmosphere of oxygen are added
to the butane
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2. (10 points each) A mixture of 12.0g of H,(g) and 10.0g of O,(g) is combusted in a 1 liter vessel.

A) Determine the limiting reagent.

B) 286 kJ of energy are released per mole of hydrogen reacted. Calculate the energy released from the
above reaction.

C) Calculate the partial pressure of the H,O(g) produced assuming it is at 1000 K.
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D) After the container has cooled back to its initial temperature, will the pressure in container be
higher or lower as a result of the reaction? Why?

3. (10 points each) The Iodine Clock Reaction

A)  Write the balanced chemical equation for the reaction of iodate (I0;") with iodide (I') in acidic
solution (H*) to produce iodine (I,) and water.

B) Calculate the volume of 0.100 M I0; solution that will exactly react with 10.0 mL of 0.200 M I
solution.
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)

What volume of 0.100 M sulfite (SO32') solution would be required to exactly react with the iodine
(I,) produced in B) above?

The balanced reaction is: SO, + 1L, + H,0 > SO +2I' + 2H*

D)

Draw the best Lewis Structure for 105’
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4. (40 points total)

I. (10 points) An unknown compound contains carbon, hydrogen, and oxygen. A 15.0 g of sample was
combusted in an oxygen rich environment to produce 36.62 g of CO, (g) and 14.99 g of H,0O (g). What
is the empirical formula of the unknown compound?
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II. Iron reacts with water to produce iron (III) oxide (Fe,O,) and hydrogen gas.
A. (5 Points) Write a balanced chemical reaction for the above reaction.

B. (10 points) If 6 L of water vapor at 60 °C and 0.120 atm reacts with excess iron, how many grams
of iron (IIT) oxide will be produced.
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III. (15 points) A 2.5 L flask contains 3.52 g of a colorless gas at 15 °C and 1.05 atm. Is the gas CO,,
CO, or O,?
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5. (10 points each) For the following compounds:

A. Draw the Lewis Structure, explicitly showing the formal charges and molecular geometry
B. Indicate the Electron Pair Geometry

C. Indicate the Molecular Geometry

I. Sulfite (SO,%)

A. B. C.

II. Carbon Monoxide (CO)

A. B. C.

III. Ammonia (NH;)

A. B. C.
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IV. Carbonate ion (CO32')

A. B.




