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"Under such circumstances, my only way to quench my thirst for advanced scientific knowledge was to do my own reading on subjects which interested me; of course, these were the subjects relating to the energy principle.  One day, I happened to come across the treatises of Rudolf Clausius, whose lucid style and enlightening clarity of reasoning made and enormous impression on me, and I became deeply absorbed in his articles, with an ever increasing enthusiasm.  I appreciated especially his exact formulation of the two Laws of Thermodynamics, and the sharp distinction which he was the first to establish between them."  Max Planck



"Die Energie der Welt ist constant.


 Die Entropie der Welt strebt einem Maximum zu." Rudolf Clausius

Good luck finding your own enlightened clarity on this exam and be sure to clearly indicate all the work that you applied to each problem so I can give you full credit for the energy you extended.

Formulas

R = k N

k =  EQ \f(ln(2),t1/2)  =  EQ \f(0.693,t1/2)  
n =  M • V

n = mass/Mwt
M1 • V1 = M2 • V2

PE = m g h

KE =  EQ \f(1,2)   m v2
∆Hrxno =  EQ \I\su(p, ,np ∆Hfo(p))   -  EQ \I\su(r, ,nr ∆Hfo(r))  
qp = m SHp ∆T = n  EQ \o(C,–)p ∆T = C ∆T

∆E = q + w = q –P ∆V
w = F ∆x

w = -Pext ∆V

∆E = qv

H = E + PV

∆H = qp
Constants

1 atm 
= 101325 Pa = 760 torr or mm Hg

1 amu
= 1.661 x 10-24 g

Na
= 6.022 x 1023 things/mole

Curie
= 3.7 x 1010 disintegration’s/sec

g
= 9.80 m sec-2

SHP(H2O) = 4.184 J/(oC g)

L atm
= 101.325 J
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Section I     Multiple choice.  Circle the one most correct answer.  (3 points each 42 points)

1.
The fizz produced when an Alka-Seltzer tablet is dissolved in water is due to the reaction between sodium bicarbonate and citric acid

3 NaHCO3(aq) + H3C6H5O7(aq) → 3 CO2(g) + 3H2O(l) + Na3C6H5O7(aq)

If 1.00 g of sodium bicarbonate (0.0119 moles) and 1.00 g of citric acid (0.00521 moles) are allowed to react, how many grams of carbon dioxide (Mwt=44.0 g/mole) are formed?
 Homework 3.73
a)  1.57 g
b)  0.688 g

c)  0.524 g
d)  0.229 g

e) something else

2.
Diluting 500. ml of 2.0 M H2SO4 solution with water to give 1000. ml of solution would result in a proton [H+] concentration of:

a)  1.0 M
b)  2.0 M

c)  3.0 M
d)  4.0 M

3.
Concentrated perchloric acid (HClO4 Mwt = 100. g/mole) solution is 70.0% by weight perchloric acid and has a density of 1.664 g/mL.  What is the molarity of concentrated perchloric acid

a)  11.6 M
b)  16.6 M

c)  23.8 M
d)  something else

4.
The net ionic equation for the reaction that occurs when excess aqueous calcium hydroxide is added to aqueous phosphoric acid to form an insoluble calcium phosphate salt is:

a) 3 OH-(aq) + H3PO4(aq)  → PO43-  + 3 H2O(l)

b) 3 Ca2+(aq) + 2 PO43-(aq)  → Ca3(PO4)2(s)

c) 3 Ca2+(aq) + 6 OH-(aq) + 2 H3PO4(aq)  → Ca3(PO4)2(s) + 6 H2O(l)

d) 3 Ca2+(aq) + 6 OH-(aq)+ 6 H+(aq) + 2 PO43-(aq)  → Ca3(PO4)2(s) + 6 H2O(l)
  


5.
Which of the following forms of radiation is the most penetrating

a) 
b)  
c) positron
d) 

6.
Iron  has several naturally occurring isotopes.  Which one of the following would be most abundant.

a)  EQ \s(54,26)Fe
b)  EQ \s(56,26)Fe
c)  EQ \s(57,26)Fe
d)  EQ \s(58,26)Fe


7.
 EQ \o(237,93)Np, a radioactive isotope that decays in a decay series to form  EQ \o(209,83)Bi.  How many beta particles are emitted during this decay series? 
 
a) 4
b) 5
c) 6
d) 7

8.
Given the following activity series of metals in aqueous solution



Mg(s) → Mg2+(aq) + 2e-

Zn(s) →Zn2+(aq) + 2e-

Fe(s) →Fe2+(aq) + 2e-
 
Ni(s) →Ni2+(aq) + 2e-

Sn(s) →Sn2+(aq) + 2e-

H2(g) →H+(aq) + 2e-

Cu(s) →Cu2+(aq) + 2e-

Which of the following reactions would not occur.

a) Fe(s) + Cu(NO3)2(aq) → Fe(NO3)2(aq) + Cu(s)
b) Zn(s) +  MgSO4(aq) →   Mg(s) + ZnSO4(aq)
c) Sn(s) +  2 HBr(aq) →    SnBr(aq) +H2(g)
d) all reactions will occur

9.
If you had a mixture of Bi3+(aq) and Pb2+(aq) ions, which of the following selective precipitations (ppt) would allow you to separate the ions as solid precipitates Experiment 3

a. Add aqueous ammonia to ppt Bi(OH)3 then add H2SO4 to the supernatant to ppt PbSO4
b. Add H2SO4 to ppt PbSO4  then add aqueous ammonia the supernatant to ppt Bi(OH)3 
c. Add aqueous ammonia to ppt Pb(OH)2 then add H2SO4 to the supernatant to ppt Bi2(SO4)
d. Add  H2SO4 to ppt Bi2(SO4)  then add aqueous ammonia the supernatant to ppt Pb(OH)2

10.
The balanced net ionic equation describing the dissolution of zinc metal in hydrobromic acid is

a)  Zn(s) + 2 Br -(aq)  →  ZnBr2(aq)
 
b)  Zn(s) + 2 HBr(aq)  →  ZnBr2(aq) + 2 H+(aq)

c)  Zn(s) + 2 H+(aq) + 2 Br -(aq) → ZnH2(s) + Br2(l)

d)  Zn(s) + 2H+(aq)  →  Zn2+(aq) + H2(g)

11.
Which of the following processes is not exothermic

a) condensation of a liquid

b) the reaction of sodium with water

c) the burning of hydrogen in oxygen

d) the melting of ice

12.
Two oppositely charged balls suspended from a rail  are slid apart.
	
[image: image1]

	Homework 5.28
What are E and w for this system of charged balls suspended from a rail.. 



a. E > 0, w < 0
b. E < 0, w < 0
c. E > 0, w > 0
d. E < 0, w > 0

13.
Heat is defined as:

a) the energy that is transferred from a hotter object to a colder one

b) the energy that causes a raise in temperature

c) the ability to do work

d) the sum of all kinetic and potential energies of a system.

14.
A battery does 500 kJ of work driving a CD player. The battery releases 250 kJ of heat energy, and the CD player releases 50 kJ energy as heat due to friction. If the battery alone is considered your system, what is the change in internal energy of the battery.

a. +250 kJ
b. -800 kJ
c. –750 kJ
d. –50 kJ
e. +800 kJ

Section II.         Short Answers.  Please show your work clearly for full credit  58 points.

 (14) 1.
Complete the following table for reaction caused by mixing of 20.0 ml of a 0.250 M sulfuric acid solution with 20.0 ml of a 0.500 M potassium phosphate weak base solution.  You may assume that the volumes are additive and do not change on mixing.  The molecular equation for this reaction is:


	
	3 H2SO4(aq)
	+
	2 K3PO4(aq)
	→
	2 H3PO4(aq)
	+
	3 K2SO4(aq)

	
	
	
	
	
	
	
	

	Initial moles
	
	
	
	
	0
	
	0

	Change in moles

due to reaction
	
	
	
	
	
	
	

	End moles
	
	
	
	
	
	
	

	End Concentration M
	
	
	
	
	
	
	















Is the final solution acidic, basic or neutral ?  _____________

What is the concentration of potassium ions in the end solution? ________________M


(10)2.
According to current regulations, the maximum permissible dose of strontium-90 in the body of an adult is 1.0 x 10-6 Curies?  Strontium-90 has a half life of 28.8 years.  Using the relationship rate =k N calculate the number of atoms of strontium-90 to which this dose corresponds. 
Homework 21.71












Number of strontium atoms = _____________ 

b. 
To what mass of strontium-90 does this correspond (If you could not work part a, use 1.0 x 1015 atoms to work this part)






Mass = _______________ g
(10) 3.
When hydrogen sulfide gas is bubbled into a solution of sodium hydroxide, the reaction forms sodium sulfide and water.  How many grams of sodium sulfide are formed if 2.00 g of hydrogen sulfide is bubbled into a solution containing 2.00 g of sodium hydroxide, assuming that the sodium sulfide is made in a 92.0% yield. 

a. What is the balanced molecular equation for this reaction 




b. How many moles of hydrogen sulfide and sodium hydroxide are used for the reaction







initial moles hydrogen sulfide __________     initial moles sodium hydroxide  ____________



c. Which is the limiting reagent for this reaction?  _____________________


d. How many grams of sodium sulfide are produced at a 92.0% yield













  grams of sodium sulfide  ________________________

(12)4.
A re-breathing gas mask supplied by the Army contains potassium superoxide KO2, which reacts with moisture in the breath to give oxygen.

4 KO2(s) + 2 H2O(l) →4 KOH(s) + 3 O2(g)

Estimate the grams of  KO2 required to supply a person's oxygen needs for one hour based on energy consumption. Assume that a person requires 4.18 x 102 kJ of energy per hour to live and that this amount of energy is produced by the combustion of glucose C6H12O6(s)

C6H12O6(s)  +  6 O2(g)  →CO2(g)  +  6 H2O(l)             ∆E = -2803 kJ

a. Is the sugar combustion exothermic or endothermic? _______________
b. Superoxide has an unusual oxidation state for oxygen,
 what is the oxidation number of oxygen in potassium superoxide _________
c. How many moles of glucose will be needed to produce 4.18 x 102 kJ of energy?





moles of glucose = _____________ moles



d. How many grams of  KO2 is needed to provide oxygen to burn this much glucose?









grams of KO2  = _______________
(12)5.
Give the balanced net ionic equations for the reactions that occur when the following substances are mixed. Label each compound with its appropriate phase (s, l, g or aq). Also, label each reaction as either an oxidation/reduction or  acid/base reaction.

a) Carbon dioxide gas is bubbled through dilute aqueous solution of sodium hydroxide.







Reaction Type                                          


b) A clean strip of magnesium metal is placed in concentrated acetic acid (CH3COOH), it immediately starts to give off hydrogen gas.








Reaction Type                                          


c) A clean strip of Aluminum metal is placed in an aqueous solution of Silver nitrate, it immediately turns black with a coating of silver metal.








Reaction Type                                          

(3)6.
Extra Credit.  Can you write a net ionic equation for the neutralization of this enemy’s strongest base.
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Answers section I
1. c

2. b

3. a

4. c

5. d

6. b

7. a

8. b

9. b

10. d

11. d

12. c

13. a

14. c

Answers section II

1.

	
	3 H2SO4(aq)
	+
	2 K3PO4(aq)
	→
	2 H3PO4(aq)
	+
	3 K2SO4(aq)

	
	
	
	
	
	
	
	

	Initial moles
	0.00500
	
	0.0100
	
	0
	
	0

	Change in moles

due to reaction
	-0.00500
	
	-0.00333
	
	+ 0.00333
	
	+0.00500



	End moles
	0
	
	+0.00667
	
	+0.00333
	
	+0.00500



	End Concentration M
	0
	
	0.167 M
	
	0.0833 M
	
	0.125 M




Final solution is basic , [K+] = 0.750 M

2. 
a.4.85 x 1013 atoms of Sr   
b. 7.24 x 10-9 g  or (1.49 x 10-7 g)

3. 
a. H2S(g) + 2 NaOH(aq) → Na2S(aq) + 2 H2O(l)
b. moles H2S = 0.0587   moles NaOH = 0.0500
c. NaOH
d. 1.80 g Na2S

4.
a. exotehrmic
b. -1/2
c. 0.149 moles
d. 84.8 g

5. 
a. CO2(g) + 2 OH- → CO3-(aq) + H2O(l)  acid base
b. Mg(s) + 2 CH3COOH(aq) → Mg2+(aq) + 2 CH3COO-(aq) + H2(g)  redox
c. Al(s) + 3 Ag+(aq) → 3 Ag(s) + Al3+(aq)  redox
6.
H+(aq)  + OH-(aq) → H2O(l)

+�





-





+





-





R1





R2
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