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1 atm = 101.325 kPa = 760 torr


c = 2.998 x 108 m/s
1 J = 1 kg m2 s-2



h = 6.626 x 10-34 J s

R = 0.0821 L atm mol-1 K-1
This exam consists of 16 questions on 6 pages. Please write your name at the top of each page. Read all of the questions carefully. If there is anything that is unclear, please ask. Answers should be placed in the spaces provided and written legibly. Be sure to answer all of the questions on the exam.
You may use a calculator. A periodic table is provided on the last page of the exam. 
The exam is worth 100 points. Each question is labeled with its exact point value. You have one hour and 15 minutes to complete this exam. Exams will be picked up at the end of the class period. No late exams will be accepted.
As always, cheating is not allowed.
Good Luck!

1. (8 points) Assign quantum numbers for an electron in each of the following orbitals:

a.
2p

n = _____
ℓ = _____
mℓ = _____
ms = _____ 

b.
3s

n = _____
ℓ = _____
mℓ = _____
ms = _____
c.
3d

n = _____
ℓ = _____
mℓ = _____
ms = _____
d.
4f

n = _____
ℓ = _____
mℓ = _____
ms = _____
2. (9 points) Write ground state electron configurations for each of the following species. Indicate whether each is paramagnetic or diamagnetic.

a. Cl
b. Au
c. Pb4+
3. (5 points) Mark each of the following statements as True or False.

____ The ground state electron configuration of Cr2+ is 1s22s22p63s23p64s23d2.

____ A sublevel of ℓ = 3 has a capacity of 10 electrons.

____ Atoms with high ionization energies tend to form cations during reactions.

____ Effective nuclear charge is inversely proportional to atomic size.

____ The magnetic quantum number describes the shape of an orbital.
4. (4 points) Draw an orbital diagram for N in its ground state.

5. (8 points) Answer the following questions.
a.
How many core (inner) electrons does phosphorous have?   __________
b.
How many valence electrons does phosphorous have?   __________
c.
Which atom is the most electronegative: N, O, or S?   __________
d.
Draw the symbol of an ion that is isoelectronic with argon.   __________
6. (6 points) The general trend in ionization energy is that energy increases across a period. There are a few exceptions to this rule, however. Looking at the list of ionization energies below for the second period, explain the deviations from the trend that are observed with Be and N.
	Element
	Li
	Be
	B
	C
	N
	O
	F
	Ne

	IE1
(kJ/mol)
	520
	900
	801
	1086
	1402
	1314
	1681
	2081


For questions 7-11 choose the one best answer. (4 points each)
7. A sample of gas under which of the following conditions would follow the ideal gas equation least closely?
a. High temperature and low pressure
b. Low temperature and low pressure
c. High temperature and high pressure
d. Low temperature and high pressure
8. Standard molar volume is: 

a. 1.0 M
b. 1.0 L
c. 22.4 L
d. The volume of 1 mole of gas at 1 atm and room temperature
9. Which of the following statements is not true? 

a. Gases have high viscosity.
b. The volume of a gas changes greatly with temperature.
c. Gases are miscible.
d. Gases have low densities.
10. At the same temperature and pressure, molecules of which of the following gases will have the highest speed?
a. Br2
b. Cl2
c. F2
d. I2
11. Arrange the following in order of decreasing radii: Na, Mg, Mg2+, K
a. Mg2+ > Mg > Na > K
b. K > Na > Mg2+ > Mg
c. K > Mg > Na > Mg2+
d. K > Na > Mg > Mg2+
You must show your work to receive full credit on the following questions.
12. (8 points) The energy of an AM radio wave is 3.02 x 10-28 J. 

a. Calculate the frequency of this AM radio wave.

b. Calculate the wavelength of this AM radio wave.

13. (8 points) Consider the following reaction.
2 Al (s)  +  6 H+ (aq)  →  2 Al3+ (aq)  +  3 H2 (g)

The hydrogen gas is collected over water at 30.0°C and the total pressure is 740.0 mmHg. The vapor pressure of water at 30.0°C is 32 mm Hg.

a. What is the partial pressure of the hydrogen gas?

b. How many grams of H2 were produced if 2.00 L of wet gas were collected?

14. (8 points) An ideal gas is contained in a cylinder with a volume of 5.0 x 102 mL at a temperature of 30.0°C and a pressure of 710 torr. The gas is then compressed to a volume of 25 mL and the temperature is raised to 820°C. What is the new pressure of the gas?
15. (8 points) The density of a gas at STP is 5.67 g/L. What is the molar mass of this gas?

16. (8 points) Consider the following reaction.
MnO2 (s)  +  2 Cl- (aq)  +  4 H+ (aq)  →  Mn2+ (aq)  + Cl2 (g)  +  2 H2O (l)

How many grams of MnO2 are required to produce 1.200 L of Cl2 gas at 1.00 atm and 200.0°C?
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