1. Benzene is an organic solvent with the formula, C6H6. It boils at 80.1oC and melts at 5.5oC. Benzene’s density is 0.88 gm/ml, its heat of vaporization is 20.0 KJoules per mole, its heat of fusion is 10.0 KJoules per mole, its heat capacity is 0.50 KJoules per mole-degree C for liquid benzene, 0.25 KJoules per mole-degree C for solid benzene, and 0.125 KJoules per mole-degree C for gaseous benzene.

Calculate the following:

1. The energy required to heat 390 grams of benzene from 150oC to 450o C.

2. The energy to removed heat 3.9 milligrams of benzene from 15oC to 60oC.

3. The energy removed to cool 390 kilograms of benzene from -70oC to -90oC.

4. The volume occupied by 1 micromole of liquid benzene and the volume occupied by 1 megamole of benzene as a vapor at STP (assume an ideal gas)

5. The energy required to cool 7.8 grams of benzene from -150oC to 400o C.

2. In the reaction barium chloride plus potassium chromate yields potassium chloride and barium chromate , 10.0 milligrams of barium chloride is mixed with 1.00 grams of water to make a barium chloride solution, which has a volume of exactly 1.00 ml. It is titrated with a solution of 100 grams of potassium chromate dissolved in sufficient water to make 5000 ml of solution.

Calculate the following:

1. The mass percent of the barium chloride

2. The molarity of the potassium chromate solution

3. The volume of potassium chromate solution required to react with all the barium chloride solution

4. The mass of potassium chromate required to react with ten times the volume of the barium chloride solution

5. If 100 grams of barium chloride were dissolved in sufficient water to make 1 liter, how many grams of potassium chromate would be required to react completely with all the barium chloride?

3. Aluminum metal melts at 660oC and boils at 2450oC. Its density is 2.70 grams/cc. Calculate the following:

1. The volume occupied by 15 milligrams of aluminum vapor at its boiling point and under a pressure of 1140 torr. (Assume an ideal gas)

2. The volume occupied by 100 kilograms of the metal at 25oC

3. If the specific heat capacity of aluminum metal is 0.89 Joules per gram-degree C, how many Joules of energy are required to heat 10 kilomoles of aluminum from 250o C to 500o C

4. If the mass in part 1 of this problem is subjected to 100 atmospheres pressure at the boiling point, what would the volume be  (Assume an ideal gas)

5. If the mass in part 1 was dissolved in an excess of aqueous HCl, what volume of hydrogen gas would be released at STP?

4. In the reaction of 100 grams of iron metal with excess potassium dichromate and sulfuric acid, the products are iron (III) sulfate, potassium sulfate, chromium (III) sulfate, and water.

A. Write and balance the equation.

B. How many grams of water are formed?

C. How do you calculate the coefficient for the potassium sulfate in the balanced equation?

D. How many micrograms of potassium dichromate are required for the reaction to be complete?

E. If you were to titrate all the sulfuric acid that is used up in the reaction, how many liters of 1.00 M NaOH would be required?

5. In the decomposition reaction of gallium chlorate, 450 grams  is heated, to produce oxygen and gallium chloride. Calculate the following

1. Write the balanced equation for the reaction

2. Find the mole ratios of the reactants and products required to solve any stoichiometric problem

3. Find the mass in megagrams of gallium chloride formed in the reaction

4. Find the volume of oxygen in microliters formed at 255C if the gas is collected over water under an atmospheric pressure of 720 torr (the vapor pressure of water is 25 torr at 25oC) 

5. How many kiloliters of 0.25 M AgNO3 would be required to titrate all the aluminum chloride formed

6. The first four ionization energies for the elements X and Y are shown in the table below. The values are relative only and do not reflect any particular set of energy units;. Based on these data, identify the elements X and Y. Be aware that there may be more than one correct answer to this problem.

	Ionization Energy
	X
	Y

	first
	170
	200

	second
	350
	400

	third
	1,800
	3,500

	fourth
	2,500
	5,000


7. There are seventeen (17) parts to the seventh problem, and can be answered with a formula, symbol, drawing, or a short written answer..

A. Which of the following species is smaller: I or I-? Why?

B. What simple ion is formed from the element with Z = 89?

C. How does the attraction that the nucleus exerts on an electron change with the principal energy of the electron? Why?

D. Explain why the following electron configuration is not possible: 1s22s22p63s23p63d24s1.

E. Why do the metallic elements of a given horizontal row typically have much lower ionization energy than do the nonmetallic elements in the same row?

F. Which element in Group 16 is the most reactive? Why?

G. What is the Z number of the largest atom in Group 2? Why?

H. Based on its position in the periodic table, how many 4d electrons are found in Z = 44? Why?

I. For Z = 84, which orbital is filled last? Why?

J. Arrange the following in order of decreasing atomic size: At, Ba, Cs, Pb.

K. On the basis of electron configurations, predict the formula of the Type I ionic compound formed from the elements Z = 49 and Z = 51.

L. Why are the valence electrons of an atom the only electrons likely to be involved in bonding to other atoms?

M. Why is the molecular structure of water nonlinear while that for beryllium fluoride linear?

N. Using VSEPR theory, predict the bond angle between the chlorine atoms in Cl2O. Why?

O. Predict and explain which atom would have the higher second ionization energy: lithium or beryllium.

P. Draw the Lewis structure for the compound formed from elements Z = 6 and Z = 16.

Q. Draw the Lewis structure for the following compound: GeBr4.

8: The Law of DuLong and Petit states that the heat capacity per mole of many metals is approximately 6.0 calories per mole-degree C. Knowing that the specific heat capacity of three metals in Joules per gram-degree C. is 0.45 for Fe, 0.24 for Ag, and 0.13 for Au. Do these metals agree with the Law of DuLong and Petit? How do you know this? Using your understanding of bonding in metals, explain why this law appears to hold.

9  In most general chemistry courses, students calculate the molar mass (MM) of a volatile liquid using the ideal gas law (PV = nRT) in the following form: MM = (mass of vapor*R*boiling point in Kelvins)/(pressure in atmospheres*flask volume). If R = 0.0821 liter-atmospheres/mole-degree K, the flask volume is 550 ml, the pressure is 775 torr., calculate the following:

1. The density of the vapor for CH2Cl2 at 70oC

2. The molar mass of CCl4 if the mass of vapor in the flask is 2.88 grams at 90oC

