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DO NOT OPEN THIS EXAM UNTIL INSTRUCTED.

CALCULATORS ARE NOT TO BE SHARED.

Instructions: You should have with you several number two pencils, an eraser, your 3" x 5" notecard, and your University ID Card.  You may use a basic calculator (for example, TI-25X Solar or TI-30XA) if you wish.  If you have notes or electronic devices with you, place them in a sealed backpack and place the backpack OUT OF SIGHT.  Or place the notes directly on the table at the front of the room.

Fill in the front page of the Scantron answer sheet with your last name, first name, middle initial, and student identification number.  Leave the class section number and the test form number blank.
This exam consists of 19 multiple-choice questions and 5 open-ended questions.  Each multiple-choice question has four points associated with it.  Select the best multiple-choice answer by filling in the corresponding circle on the rear page of the answer sheet.  If you have any questions before the exam, please ask.  If you have any questions during the exam, please raise your hand to attract the attention of a proctor.  The proctor will come to you.  Open and start this exam when instructed.  Present your ID card when submitting the exam.  Place your open-ended portion of this exam in the appropriate stack.  Place your 3" x 5" notecard in the appropriate stack.  You may keep the multi-choice portion of this exam, so please mark the answers you selected on it.

R = 0.0821 L·atm/mol·K

E = q + w

Avogadro’s Number = 6.02 x 1023

STP = 273.15 K and 1.00 atm

Q = m·c·T

Molar volume of a gas at STP:  22.4 L

Specific heat of water = 4.184 J/g·°C



1 atm = 760 Torr = 760 mmHg

Abbreviated Solubility Rules:

Rule 1:
All nitrates, group 1A metal salts and ammonium salts are soluble.

Rule 2:
All carbonates, hydroxides, phosphates and sulfides are insoluble.

Rule 3:
Rule 1 always takes precedent.

H°f (kJ/mol)

H2O (g)
− 241.8


H2O2 (g)
− 166.3

H2O (l)

− 285.9


H2O2 (l)
− 187.6

1. Barium chloride is soluble in water.  When barium chloride (BaCl2) dissociates in water, which of the 

    following species is present in solution?


(A) 
Ba+






(B) 
Cl22 ־


(C) 
Cl ־

(D) 
BaCl +

(E) 
Cl2־




2. Consider the following reaction.

NaOH + HNO3 (  ?  ?  ?

   One product of this reaction will be:


(A) 
an acid




(B) 
a base


(C) 
a gas


(D) 
a precipitate


(E) 
a salt

3. In the following reaction, which of the ions below is a spectator ion?

(NH4)2CO3 (aq) + MgCl2 (aq) (  2NH4Cl (aq) + MgCO3 (s)


(A) 
CO32־



(B) 
NH4+






(C) 
Mg2+

(D) 
Mg+

(E) 
none of the above

4.  CH2 (CH2)2COOH is partly responsible for the smell of limburger cheese.  It is:


(A) 
a weak base


(B) 
a strong base


(C) 
a weak acid






(D) 
a strong acid




(E) 
a spectator ion

5.  A student mixes an aqueous solution of sodium phosphate with an aqueous solution of calcium

     nitrate.  The precipitate is:


(A)
Na3PO4 (s)


(B)
Ca(NO3)2 (s)


(C)
NaNO3 (s)


(D)
Na2O (s)


(E)
Ca3(PO4)2 (s)

6.  A student obtains a 25.00 mL sample of HCl (aq).  She titrates it with 0.2250 M NaOH (aq) and finds

     28.44 mL are required to reach the equivalence point.  The concentration of HCl (aq) is:


(A)
0.1978 M


(B)
0.2560 M


(C)
0.3956 M


(D)
3.907 M


(E)
5.056 M

7.  1.0 liter of which solution below contains the most H+ ions?


(A) 
2.0 M HNO3

(B) 
2.0 M CH3COOH




(C) 
2.0 M NaOH




(D) 
2.0 M NH3

(E) 
4.0 M NaCl

8. The atmospheric pressure on a certain day is 740.0 Torr.  What is this in atmospheres?


(A) 
1.000 atm


(B) 
0.007400 atm






(C) 
0.9737 atm





(D) 
20.00 atm


(E) 
562,400 atm

9. A gas has a volume of 255 mL at 0.9539 atm.  What volume will the gas occupy at 0.4803 atm if the temperature of the gas doesn’t change?


(A) 
506 mL


(B) 
495 mL


(C) 
365 mL


(D) 
255 mL




(E) 
128 mL





10. How many liters of F2 at STP are needed to react with 4.00 L of H2, also at STP, in the following reaction?

H2 (g)  +  F2 (g)  (  2 HF (g)


(A) 
1.00 L






(B) 
2.00 L





(C) 
4.00 L


(D) 
8.00 L


(E) 
22.4 L

11. A 22.4-L container at 273.15K contains 0.30 mol N2, 0.20 mol O2, 0.40 mol He, and 0.10 

    mol CO2.  What is the partial pressure of He?


(A) 
304 atm


(B) 
0.40 Torr


(C) 
0.25 Torr


(D) 
0.40 atm




(E) 
0.25 atm





12.
Consider a 22.4-liter sealed glass flask containing argon gas.  Which of the following is FALSE?


(A)
When the temperature is decreased, the velocity of the gas molecules decreases.


(B)
At 273 K and a pressure of 1.00 atm, the mass of gas inside is 22.4g


(C)
When the temperature is increased, the pressure increases.


(D)
One mole of argon gas at 273 K will exert a pressure of 1.00 atm.

13.
Consider the following five gases:  CO (g)   
CO2 (g)     Xe (g)     He (g)     F2 (g)


Of these, the gas molecule with the greatest velocity at room temperature is:


(A)
He (g).


(B)
CO (g).


(C)
CO2 (g).


(D)
Xe (g).


(E)
F2 (g).

14.
What is the mass of a 4.000 liter balloon that contains Ar (g) at 1.750 atm and 298.0 K?


(A)
0.007162 g


(B)
0.2861 g


(C)
11.43g.


(D)
45.98 g.


(E)
71.62 g.

15. If a system does 45 kJ of work and receives 28 kJ of heat, what is the value of E for this change?


(A) 
+ 17 kJ


(B) 
+ 73 kJ


(C) 
– 73 kJ








(D) 
– 17 kJ





(E) 
+ 1.6 kJ

16. How much heat must be removed from a 175-g sample of water to cool it from 25.0 to 15.0 °C?


(A) 
0.732 kJ








(B) 
1.75 kJ





(C) 
4.18 kJ


(D) 
7.32 kJ


(E) 
10.0 kJ

17. Consider the following reaction:

2 CO (g)  +  O2 (g)  (  2 CO2 (g)

H° = – 566 kJ

     What is H° for the formation of 1 mol CO2?


(A) 
– 44.0 kJ






(B)
 – 283 kJ




(C) 
– 566 kJ


(D) 
– 1130 kJ


(E) 
– 24,900 kJ

18. The combustion of magnesium follows the thermochemical equation below.

2 Mg (s)  +  O2 (g)  (  2 MgO (s)

H° =  – 1203 kJ

    How much heat is liberated by the combustion of 6.54 g Mg?


(A) 
15.9 kJ







(B) 
57.3 kJ





(C) 
101 kJ



(D) 
143 kJ


(E) 
162 kJ

19. Calculate H° for the following reaction (see thermodynamic data on front page).

2 H2O2 (l)  (  2 H2O (l)  +  O2 (g)

H°reaction = ?


(A) 
−42.65 kJ






(B) 
−89.03 kJ




(C)
 −114.9 kJ


(D) 
−178.2 kJ


(E) 
−196.6 kJ
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YOU MUST SHOW ALL WORK ON NUMERICAL PROBLEMS TO RECEIVE CREDIT

20.  You hold a beaker in your hand in which an endothermic reaction is taking place.  Does it feel warm 

       or cold?  Explain. (3 pts)

21.  The heat of formation of liquid ethanol (CH3CH2OH) is −278 kJ/mol.  Write the chemical equation 

       associated with this reaction.  Include phase descriptions for each substance (s, l, g, or aq). (4 pts)

22.  Consider two aqueous solutions:  One of sodium phosphate and one of calcium nitrate.  The  

       solutions are mixed together.


a.  Write the equation for the reaction between them.  Include (s), (l), (g), or (aq) behind each 


     compound and then balance the equation. (4 pts)


b.  Write the net ionic equation for the reaction. (3 pts)

[TURN OVER FOR QUESTIONS 23-24]

23.  A 50.0-g mass of metal was heated to 100.0 °C and then plunged into 100.0 g of water at 24.0 °C.  

       The temperature of the resulting mixture became 28.0 °C.


a.  How many joules of heat did the water absorb? (2 pts)


b.  How many joules of heat did the metal lose? (2 pts)


c. What is the specific heat of the metal? (2 pts)

24.  A student reacts 64.00 grams of diatomic oxygen with excess hydrogen to produce steam at 1.05 

       atm and 296 K.  How many liters of steam are produced? (4 pts)

2H2    +      O2      (      2H2O







