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Choose the best answer to each question; blacken the circle on the answer sheet corresponding to this answer.  
c = 3.00 x 108 m/sec

h = 6.63 x 10-34 Js

mp = 1.67 x 10-24 g (mass of proton)

Gas Constant (R) = 8.314 J mol-1 K-1


= 0.08206 L atm K-1mol-1
Rydberg Constant (RH) = 2.18 x 10-18 J

The last pages of this examination contain a Periodic Table, Solubility Guidelines, Molecular Shape Sheet, and an Activity Table.  
(1)
A flow reactor has an output of 8709 L/min.  What is the output of this reactor in gallons per hour?  [1 L = 0.2642 gal and 60 min = 1 hr]

(a)  1.381 x 105 gal/hr

(b)  5.524 x 105 gal/hr

(c)  9206 gal/hr

(d)  2302 gal/hr

(e)  87.09 gal/hr

(2)
The balanced net ionic equation for the complete neutralization of H2SO4 by KOH in aqueous solution is: 

(a)  SO42-(aq)  +  2 K+(aq)   ________>  K2SO4(aq)

(b)  SO42-(aq)  +  2 K+(aq)   ________>  K2SO4(s)

(c)  H+(aq)  +  OH-(aq) ________>  H2O(l)

(d)  H2SO42-(aq)  +  2 OH-(aq)   ________>  2 H2O(l)  +  SO42-(aq)

(e)  2 H+(aq)  +  2KOH(aq)  ________>  2 H2O(l)  + K+(aq)

(3)
List the following compounds in order of INCREASING C-O bond lengths (shortest to longest);




CO, CO2, CO3-2
(a)
CO, CO2, CO3-2
(b)
CO2, CO, CO3-2
(c)
CO, CO3-2 , CO2
(d)
CO3-2, CO,  CO2
(e)
CO3-2, CO2, CO

(4)
Which pair of elements below should be the most similar in chemical properties?

(a)  C and O

(b)  B and As

(c)  I and Br

(d)  K and Kr

(e)  Cs and He

(5)
Use the following information to identify the atom or ion?


Mass Number

Protons

Neutrons

Electrons


32

    16


    16


    18

(a)  S

(b)  S+1
(c)  S+2
(d)  S-1
(e)  S-2
(6)
The formula of ammonium carbonate is?

(a)  (NH4)2CO3
(b)  NH4CO2
(c)  (NH3)2CO4
(d)  (NH3)2CO3
(e)  none of the above

(7)
Passing steam over hot charcoal at 1000°C produces an industrially important mixture of carbon monoxide and hydrogen gases referred to as water gas (Rxn 1 shown below).  The H° for the water-gas reaction may be calculated from the data given for the following reactions;

(1) C(s) + H2O(g)  ------>   CO(g) + H2(g) 

(Water Gas Rxn)
[Rxn 1]

(2) 2 H2(g) + O2(g)  ------> 2 H2O(g)


H° = -483.6 kJ
[Rxn 2]

(3) C(s) + O2(g)  ------>  CO2(g)



H° = -393.5 KJ
[Rxn 3]

(4) 2 CO(g) + O2(g)  ------>  2 CO2(g)


H = -566.0 kJ
[Rxn 4]

(a)
H(rxn 1) = H(rxn 3) + 1/2 H(rxn 2) + 1/2 H(rxn 4)

(b)
H(rxn 1) = H(rxn 3) - H(rxn 2) - H(rxn 4)

(c)
H(rxn 1) = H(rxn 4) - H(rxn 2) - H(rxn 3)

(d)
H(rxn 1) = H(rxn 3) - 1/2 H(rxn 2) - 1/2 H(rxn 4)

(e)
H(rxn 1) = H(rxn 2) -  H(rxn 3) + H(rxn 4)

 (8)
A flask equipped with a valve contains 3.0 mol of H2 gas.  You introduce 3.0 mol of Ar gas into the flask via the valve and then seal the flask.  Which of the following statements is/are incorrect? 

I. After the introduction of the Ar gas, the pressure of just the H2 gas in the flask doubles because there are twice as many moles of gas present.

II. The pressure of the Ar gas in the flask is greater than the pressure of the H2 gas, because its molar mass (g/mol) of Ar is much greater than that of H2.

III. The total pressure in the flask is equal to the sum of the pressures of the H2 gas and the Ar gas in the flask.

(a)  I

(b)  II

(c)  III

(d)  I and II

(e)  All are correct

(9)
What is the percentage of aluminum in aluminum sulfate?

(a)  45.70 %

(b)  35.94 %

(c)  21.93 %

(d)  7.886 %

(e)  15.77 %

(10)
What mass of silver chloride can be made by reaction of 4.22 g of silver nitrate with 7.73 grams of aluminum chloride (the equation shown is not balanced)?  Hint: Limiting Reactant Question!

AgNO3  +  AlCl3  --------------->  Al(NO3)3  +  AgCl

(a)  17.6 grams

(b)  4.22 grams

(c)  24.9 grams

(d)  3.56 grams

(e)  2.06 grams

(11)
A certain element has three isotopes.  The isotopic masses and abundances are: 159.37 (30.60%), 162.79 (15.79%), and 163.92 (53.61%).  What is the average atomic weight of the element?

(a)  161.75 amu

(b)  162.03 amu

(c)  162.35 amu

(d)  163.15 amu

(e)  163.92 amu

(12)
How many atoms of oxygen are contained in 2.74 grams of Al2(SO4)3?

(a)  12

(b)  6.02 x 1018
(c)  6.02 x 1023
(d)  7.22 x 1024
(e)  5.78 x 1022
(13)
What is the molarity of CH3OH in a solution prepared by dissolving 11.7 grams of CH3OH in 230 mL of solution?

(a)  11.9

(b)  1.59 x 10-3
(c)  0.0841

(d)  1.59

(e)  11.7

(14)
Which one of the following condition would always result in an increase in H 

(more positive change in energy) for a system?

(a)  the system loses heat and does work on the surroundings.

(b)  the system gains heat and does work on the surroundings.

(c)  the system loses heat and has work done on it by the surroundings.

(d)  the system gains heat and has work done on it by the surroundings.

(e)  not enough information given to answer the question.
(15)
Which quantum number defines the shape of an orbital?

(a)  azmuthal

(b)  magnetic

(c)  principal

(d)  spin

(e)  zodiac

(16) Of the following transition in the Bohr hydrogen atom, the 

 transition results in the emission of the highest-energy photon.

(a)
n =1 to n = 6
(b)
n = 6 to n = 1
(c)
n = 6 to n = 3
(d)
n = 3 to n = 6
      (e)    n = 1 to n = 4

(17)
Calculate the H° for the balanced reaction below.



Ca(OH)2  +  2 H3AsO4  -------------->  Ca(H2AsO4)2  +  2 H2O



Substance



Hf°  (kJ/mol)



Ca(OH)2



-986.6



H3AsO4



-900.4



Ca(H2AsO4)2



-2346



H2O




-258.9

(a)  -744.9 kJ

(b)  -4519 kJ

(c)  -4219 kJ

(d)  -76.4 kJ

(e)  none of the above

(18)
Under constant volume conditions, the heat of combustion of propane (C3H8) is 2220 kJ/mole.  A 2.500 g sample is burned and the temperature increased from 20.55° C to 28.25°C.  What is the total heat capacity of the calorimeter?

(a)
126.1 kJ °C-1
(b)
16.4 kJ °C-1
(c)
720.8 kJ °C-1
(d)
6.55 kJ °C-1
(e)
none of the answers are within 10% of the correct value.

(19)
The ground state electron configuration for Zn is:
(a)  [Ar]3s13d10
(b)  [Ar]4s23d10
(c)  [Ar]4s13d10
(d)  [Ar]3s23d10
(e)  [Ar]

(20)
In which choice below are the elements listed in order of INCREASING first ionization energy? (Hint: recall half full sublevels show some stability)
(a)  P, Cl, S, Al, Ar, Si

(b)  Ar, Cl, S, P, Si, Al

(c)  Al, Si, P, S, Cl, Ar

(d)  Al, Si, S, P, Cl, Ar

(e)  none of the above

(21)
In general, as you go across a period from left to right in the periodic table the atomic 


radius 

, the exothermicity (magnitude) of the electron affinity 

, and the first ionization energy 

.

(a)  decreases, increases, increases

(b)  decreases, decreases, decreases

(c)  decreases, decreases, increases

(d)  increases, increases, decreases

(e)  increases, increases, increases

(22)
Which set of quantum numbers CANNOT be correct?

(a)  n = 2, l = 0, ml = 0

(b)  n = 2, l = 1, ml = -1

(c)  n = 3, l = 1, ml = -1

(d)  n = 1, l = 1, ml = -1

(e)  n = 3, l = 0, ml = 0

(23) The lowest orbital energy is reached when the number of electrons with the same spin is maximized.  This is a statement of the 

.

(a)
Pauli Exclusion Principal
(b)
Planck’s constant
(c)
de Broglie’s hypothesis
(d)
Heisenberg Uncertainty Principle
(e)
Hund’s Rule
(24)  In molecular orbital theory, the σ1s orbital is _________ and the σ*1s orbital is__________ in the H2 molecule.
(a) filled, filled

(b) filled, empty 

(c) filled, half-filled

(d) half-filled, filled

(e) empty, filled

(25)
In the resonance forms of the Lewis structure for ozone (O3 is a “chain” of three oxygen atoms), the formal charge on the central oxygen atom is?

(a)  0

(b)  +1

(c)  -1

(d)  +2

(e)  -2

(26) If 4 mol of Neon gas and 6 mol of Krypton gas are contained in a flask whose total pressure is 1000 mmHg, the partial pressure of Neon gas is:


(a)  greater than the partial pressure of the Krypton gas


(b)  less than the partial pressure of the Krypton gas


(c) the same as the partial pressure of the Krypton gas

(27) The types of compounds that are most likely to contain covalent bonds is 
.

(a)
one that is composed of a metal from the far left of the periodic table and a nonmetal from the far right of the periodic table.
(b)
a solid metal.
(c)
one that is composed of only nonmetals.
(d)
held together by the electrostatic forces between oppositely charged ions.
(e)
There is no general rule to predict covalency in bonds.
(28)
According to VSEPR theory, if there are 4 pairs of electrons in the valence shell of an atom, they will be arranged in a(n) 


 geometry.

(a)  octahedral

(b)  linear

(c)  tetrahedral

(d)  trigonal planar

(e)  trigonal bipyramidal

(29)
Of the following choices, which one has sp2 hybridization of the central atom?

(a)  PH3
(b)  CCl4
(c)  ICl3
(d)  I31-
(e)  BF3
(30)
In a beaker, we have 200 mL of a solution of acetic acid, a weak, monoprotic acid, and, in a burette, we have 45.2 mL of 0.200 M KOH.  The KOH solution is dripped into the beaker until the solution just becomes basic (titration).  At this point, there is 13.6 mL of KOH left in the burette, so 31.6 mL were used.  What was the molarity of the acetic acid solution? 



(a)  0.0136 mL



(b)  0.0316 M



(c)  0.0452 M



(d)  0.0588 M



(e)  0.158 M

(31)
A typical triple bond consists of:
(a) three sigma bonds

(b) three pi bonds

(c) one sigma and two pi bonds

(d) two sigma and one pi bond

(e) none of the above

(32)
Using the table below of average bond energies (in kJ/mol), the best estimate of H in kJ for H-C= C-H + HI(g) ------> H2C=CHI(g) is: 




Bond:
C = C (triple)
C=C
HI
CI
CH





835

602
295
213
411

(a)
+506

(b)
-931

(c)
-506

(d)
-96

(e)
+96

(33)
Calculate the enthalpy change, H°, for the combustion of C3H6(g):



C3H6(g)  +  9/2 O2(g)  ------>  3 CO2(g)  +  3 H2O(l)



Hf° values in kJ per mole are as follows: C3H6(g) = 21; CO2(g) = -394; H2O(l) = -286



a)
-2061 kJ



b)
-2019 kJ



c.)
-701 kJ



d)
2019 kJ



e)
2061 kJ

(34) 2.50 g of XeF4 gas is placed into an evacuated 3.00 liter container at 80°C. What is the pressure in the container? 
(a) 3.01 torr

(b) 0.117 torr

(c) 0.288 atm

(d) 0.117 atm

(e) none of the above

(35)  What mass of nitrogen dioxide would be contained in a 4.32 L vessel at 48° C and 1062 torr? 

a)  5.35 x 104 g

b)  53.5 g

c)  10.5 g

d)  105.0 g

e)  none of the above

(36)  A mixture of 0.924 g of N2O and 0.825 g of NO exerts a pressure on a container of 1.32 atm. The partial pressure of each gas is 

.  

a)  N2O = 1.32 atm and NO = 1.32 atm

b)  N2O = 0.70 atm and NO = 0.62 atm

c)  N2O = 0.57 atm and NO = 0.75 atm

d)  N2O = 0.66 atm and NO = 0.66 atm

e)  N2O = 0.78 atm and NO = 0.54 atm

(EC) A gas from a certain volcano was a mixture of CO2 (mole fraction 0.650), H2 (mole fraction 0.250), HCl (mole fraction 0.054), HF (mole fraction 0.028), and “other gases.”  The total pressure is 760 mm Hg.  What is the sum of partial pressures of the “other gases”?

 (EC) Ammonium sulfate, used as a fertilizer, is produced by reacting ammonia with sulfuric acid, according to:  2NH3(g) + H2SO4(aq) ( (NH4)2SO4(aq).  What volume of ammonia gas at 15°C and 1.15 atm is required to produce 150.0 g of ammonium sulfate?  Molar masses:  NH3, 17.0 g/mol; H2SO4, 98.0 g/mol, (NH4)2SO4, 132.0 g/mol.

(a)  11.7 L

(b)  20.5 L

(c)  23.4 L

(d)  40.6 L

(e)  46.7 L
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[image: image2.jpg]TABLE 4.5 ° Activity Series of Metals in Aqueous Solution

Metal Oxidation Reaction

Lithium Li(s) — Li"(aq) + ¢~
Potassium K(s) — K'(aq) + ¢
Barium Ba(s) — Ba*"(aq) + 2¢~
Calcium Ca(s) — Ca**(aq) + 2¢~
Sodium Na(s) — Na'(aq) + ¢~
Magnesium Mg(s) — Mg**(aq) + 2¢~
Aluminum Al(s) —> AP*(aq) + 3¢~
Manganese Mn(s) — Mn*"(aq) + 2¢~
Zinc Zn(s) —> Zn*"(aq) + 2¢~
Chromium Cr(s) —> Cr’'(aq) + 3¢~
Iron Fe(s) — Fe*'(aq) + 2¢~
Cobalt Co(s) —> Co*"(aq) + 2¢~
Nickel Ni(s) — Ni*"(aq) + 2¢~
Tin Sn(s) — Sn**(aq) + 2¢”
Lead Pb(s) — Pb**(aq) + 2¢~
Hydrogen H,(g) — 2H"(aq) + 2¢~
Copper Cu(s) — Cu®’(aq) + 2¢~
Silver Ag(s) — Ag'(aq) + ¢
Mercury Hg(l) — Hg*"(aq) + 2¢~
Platinum Pt(s) — Pt**(aq) + 2¢~

Gold Au(s) —> Au’t(aq) + 3¢~
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