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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 27 multiple-choice questions and 5 open-ended questions.  Each question has five 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.

Equations:
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Q = m·c·T

PV = nRT

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.

Constants and other data:

1 atm = 760 Torr = 760 mmHg
1,000 m = 1 km
1 m = 109 nm

RH = 109,678 cm-1
R = 0.0821 L·atm/mol·K
h = 6.626 x 10-34 J·s
c = 3.00 x 108 m/s

Avogadro’s Number = 6.02 x 1023

STP = 273.15 K and 1.00 atm

Molar volume of a gas at STP:  22.4 L
Specific heat of water = 4.184 J/g·°C

1.   11.6 km is how many nm?

a. 1.16 x 1013 nm


b. 1.16 x 10-13 nm

c. 1.16 x 109 nm

d. 1.16 x 10-9 nm

e. 1.16 x 106 nm

2. How many significant figures in the value 1.0080 g?

a. 2

b. 3

c. 4

d. 5

e. 6

3. Consider the following operation (23.500 cm)(1.1 cm) = ?  Which answer below contains the correct number of significant figures?

a. 30 cm2
b. 26 cm2

c. 25.9 cm2
d. 25.85 cm2
e. 25.850 cm2
4. Which of the following chemical formulas is correct?

a. NaO2
b. AlO2
c. CaO2
d. AlS

e. CaO

5. Determine the number of neutrons in 15N.

a. 15N has 0 neutrons.

b. 15N has 1 neutron.

c. 15N has 7 neutrons.

d. 15N has 8 neutrons.

e. 15N has 15 neutrons.

6. Determine the number of moles of Ni(MnO4)2 in a 3.45-g sample.

a. 0.116 mol Ni(MnO4)2 

b. 86.0 mol Ni(MnO4)2
c. 297 mol Ni(MnO4)2 

d. 7.00 x 1021 mol Ni(MnO4)2
e. 6.02 x 1023 mol Ni(MnO4)2
7. What is the mass of 2.14 x 1022 silicon atoms (21,400,000,000,000,000,000,000 atoms)?

a. 0.0356 g

b. 0.797 g

c. 1.00 g


d. 28.1 g

e. 1.69 x 1025 g

8. 
Consider the following reaction:

3 NO2    +      H2O      (      2 HNO3    +      NO

How many moles of NO are produced from the reaction of 12.0 moles of NO2?

a.   0.333 mol NO

b.   1.00 mol NO

c.   3.00 mol NO

d.   4.00 mol NO

e.   12.0 mol NO

9.  
How many grams of sodium chloride (FM = 58.44 g/mol) are required to prepare 5.000 liters of 


a 2.500 molar (M) aqueous solution?


      a.   0.08555 g.


      b.   1.250 g.


      c.   5.000 g.


      d.   292.2 g.


      e.   730.5 g.

10.
When two moles of butane, C4H10, combust in oxygen, O2, to produce carbon dioxide and water,


      a.   two moles of oxygen are consumed.


      b.   four moles of oxygen are consumed.


      c.   six moles of oxygen are consumed.


      d.   thirteen moles of oxygen are consumed.


      e.   sixteen moles of oxygen are consumed.

11.
A student mixes an aqueous solution of Ca(NO3)2 (aq) with an aqueous solution of Na2S (aq).  Which of the following statements is FALSE?


      a.   NO3- is a spectator ion.


      b.   Na+ is a spectator ion.


      c.   Ca2+ ions will combine with S2- ions will form the insoluble CaS (s).


      d.   Na+ is dissolved in the initial sodium sulfide solution and dissolved in the final mixture.


      e.   Na+ ions will combine with NO3- ions will form the insoluble NaNO3 (s).

12.
A student obtains a 25.00 mL sample of HCl (aq).  She titrates it with 0.05000 M NaOH (aq) and finds 30.00 mL are required to reach the equivalence point.  The concentration of HCl (aq) is:


      a.   0.06000 M.


      b.   0.04167 M.


      c.   37.50 M.


      d.   16.67 M.


      e.   24.00 M.

13.
Which of the following selections contains only acids?


      a.   HNO3, NaNO3, HCl, NaCl.


      b.   NaOH, KOH, NH4OH, Ca(OH)2.


      c.   H2SO4, HNO3, HCl, NH3.


      d.   HNO3, CH3COOH, CH3CH2COOH.


      e.   FeCl2, CuCl2, FeF2, CuF2.

14.
Consider the following five gases:  CO (g)   CO2 (g)     Xe (g)     N2O4 (g)     F2 (g)


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


      a.   CO (g).


      b.   CO2 (g).


      c.   Xe (g).


      d.   N2O4 (g).


      e.   F2 (g).

15.
A student places 8.86 g of a noble gas into an 8.00-L container at 296 K and measures the pressure to be 0.674 atm.  This noble gas is:


      a.   He.


      b.   Ne.


      c.   Ar.


      d.   Kr.


      e.   Xe.

16.
A student combusts 88.2 grams of propane gas (C3H8) in oxygen gas to produce carbon dioxide gas and steam at 1.00 atm and 390 K.  How many liters of steam are produced?


      a.   2.00 L.


      b.   8.00 L.


      c.   64.0 L.


      d.   128 L.


      e.   256 L.

17.
A student obtains a 4.00 liter balloon at 20.0 ºC.  He heats the balloon to 80.0 ºC.  The volume of the balloon at 80.0 ºC is:


      a.   4.82 L.


      b.   8.42 L.


      c.   1.60 L.


      d.   16.0 L.


      e.   160 L.

18.  
Use the data in the table below to answer the following question:

H°f               (kJ/mol)

CO2 (g) 
−393.5
C6H6 (g)
+  49.0
H2O (l)

−285.9
        
What is ΔH˚reaction  for the following reaction?

C6H6 (l)    +   15/2 O2 (g)   →   6 CO2 (g)   +    3 H2O (l)

      a.   +335 kJ.

      b.   -335 kJ.

      c.   -3268 kJ.


      d.   -6535 kJ.


      e.   -8368 kJ.

19.
A system takes in 24.0 J of heat while doing 22.0 J of work.  What is the change in internal 
energy for the system?


      a.  +1.1 J


      b.  +2.0 J


      c.  −2.0 J


      d.  +44.0 J


      e.  −44.0 J


20. 
In the atomic emission spectrum of hydrogen, there is a line with a wavelength of 410.3 nm.  
What is its frequency?


      a. 6.33 x 1013 Hz


      b. 3.92 x 1014 Hz


      c. 7.31 x 1014 Hz


      d. 4.21 x 1015 Hz


      e. 9.86 x 1015 Hz

21.  
When hydrogen atoms absorb photons of a certain wavelength, electrons are excited from n = 2 
to n = 5.  What is the wavelength of this light?


      a. 397 nm


      b. 410 nm


      c. 434 nm


      d. 486 nm


      e. 656 nm

22.  
What is the energy of a photon of blue light ( = 6.82 x 1014 Hz)?


      a. 6.11 x 10-20 J


      b. 4.52 x 10-19 J


      c. 8.80 x 10-19 J


      d. 1.17 x 10-18 J


      e. 3.72 x 10-18 J

23.  
Which orbital does not exist?


      a. 1s


      b. 2p


      c. 3p


      d. 2d


      e. 3d

24.  
Which of the following electron transitions in the hydrogen atom produces the photon with 
longest wavelength?


      a. n = 6 ( n = 5


      b. n = 6 ( n = 4


      c. n = 6 ( n = 3


      d. n = 6 ( n = 2


      e. n = 6 ( n = 1

25.  
Which of the following sets of quantum numbers is not possible?


      a. (2, 1, 1, +½)


      b. (3, 1, 0, +½)


      c. (1, 0, 0, −½)


      d. (3, 2, −1, +½)


      e. (2, 2, 1, −½)

26.  
Which of the following statements is false?


      a. Longer wavelength radiation carries higher energies.


      b. Light can be considered to be made up of particles called photons.


      c. All material objects have some wave characteristics.


      d. Electrons can be viewed as standing waves in an atom.


      e. Bohr’s model of the hydrogen atom was based on classical physics.

27.  The magnetic quantum number (ml) relates to which aspect of an orbital?


      a. orientation


      b. density


      c. shape


      d. size


      e. spin
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28.  
Sketch a 1s orbital and a 4p orbital side by side, with correct relative scale.

29.  
A “set” of quantum numbers [such as (n=4, l=1, ml= −1, ms= −½) or the like] can be ascribed to 
each electron in an atom.  Write all possible sets of quantum numbers for a 3s orbital.

30.  Consider the following compounds:

a. Write the formula for calcium nitrate.

b. Write the name for CrO3.
 [TURN OVER FOR QUESTIONS 31-32]

31.  
A student obtains 400 grams of water (c = 4.184 J/g·˚C) at 25.0 ˚C.  How much heat (in joules) is required to increase the temperature of the water to 90.0 ˚C?

32. 
The wavelength of a red laser is 641 nm.


a) Calculate the energy of one photon of this light. (3 pts)


b) Calculate the energy of one mole of photons of this light. (2 pts)
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