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 Version A Version B 

CHEM 121 overall score 0.663*(139) 0.679*(136) 

CHEM 122 overall score 0.649*(146) 0.717*(142) 

CHEM 122 Final Exam score 0.639*(146) 0.649*(142) 
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Construct Question 
Engagement The Socratic questions in lecture keep me engaged. 
Engagement The discussion questions (with colored cards) in lecture 

keep me engaged. 
Engagement Even when I don’t raise my hand, I try to think of the 

answer to the question. 
Understanding Being asked questions in class helps me understand the 

concepts. 
Understanding Discussion questions (with colored cards) help me 

understand the concepts we are covering in lecture. 
Perceptions I do not understand chemistry. 
Perceptions I worry about how I am perceived by my professor. 
Perceptions I worry about how I am perceived by my classmates. 
Perceptions I prefer to be silent in class. 
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Chemistry Concept Reasoning Test – Version A 

1. In the pictures below, solid circles  represent atoms of element X. Hollow 
circles  represent atoms of element Y. Molecules are represented by adjoining 
circles; for example, X2 is . Which equation best describes the reaction shown 
below?

 

a. X + 3Y  XY3 
b. X2 + 3Y2  2XY3 
c. X2 + Y2  XY3 
d. 4X2 + 12Y2  8XY3 
e. The correct equation is not given. 
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2. If the same reaction as in Question 1 were modified by adding excess X so that 

the first part of the reaction looked as pictured below, which of the following 
pictures would best complete the sequence?

 

a.  

b.  

c.  

d.  
e. The correct picture is not given. 
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3. Amadeo was studying the formation of water. He weighed 10 liters of oxygen; 

it weighed 10 grams. After reacting the oxygen with an unlimited supply of 
hydrogen, he was surprised to find that 10 liters of water vapor at the same 
temperature and pressure as the pure oxygen weighed only 5.6 grams. How 
could water contain oxygen but weigh less than oxygen? 

a. Some fraction of the oxygen did not react, because hydrogen was the 
limiting reagent. The unreacted portion was not weighed in the product.  

b. The reaction did not go to completion, but instead achieved equilibrium. 
c. A molecule of water contains only one oxygen atom and therefore weighs 

less than an oxygen molecule.  
d. There is much more space between the water vapor molecules compared 

to oxygen. Therefore, the same about of water vapor is less dense. 
e. Hydrogen is a lighter gas than oxygen, so when it binds with the oxygen, 

the resulting water vapor weighs less than the oxygen itself.  
f. By the law of conservation of mass, this is only possible if some of the 

hydrogen or oxygen were lost during the reaction. 
 

4. What is the significance of knowing the number of moles in a given sample of a 
substance? In other words, why do you try to determine the number of moles? 

a. If we know the number of moles, we have effectively “counted” the 
particles. 

b. If we know the number of moles, we can determine how much of the 
substance is left over after a reaction. 

c. If we know the number of moles, we can determine how much mass is 
present. 

d. Knowing the number of moles allows for a convenient conversion factor 
for mass useful for chemical calculations. 

e. None of these is a good reason. 
 

5. Avogadro’s hypothesis states that, at fixed T and P, two equal volumes of gas 
contain the same number of molecules.   The best data to establish that this is 
true is: 

a. At fixed T and P, gas molecules are all about the same volume. 
b. At fixed T and P, gases react in simple integer ratios by volume. 
c. At fixed T and P, gases obey the Ideal Gas Law. 
d. At fixed T and P, gas molecules have the same kinetic energy. 

 
6.What trends are observed as the atomic numbers of the halogens increase? (May 

have multiple answers.)  
a. Atomic size increases. 
b. Electronegativity decreases. 
c. First ionization energy increases. 
d. The number of valence electrons increases. 
e. All of the above are observed. 
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7. The electron configuration for beryllium is 1s22s2 rather than 1s22p2. Why is the 

1s22s2 configuration lower in energy than 1s22p2? 
a. The 2s subshell is full and is thus energetically favorable over the partially 

filled 2p subshell.  
b. The 2s orbital is lower in energy for Be because electron-electron 

repulsions in the 2s orbital are less than in 2p orbital. 
c. The 2s orbital is smaller than the 2p orbital so that electrons in the 2s 

orbital can get closer to the nucleus and be lower in energy.  
d. Spheres (s orbitals) are a lower energy shape than the elongated 

“dumbbells” of the p orbitals. 
e. All of the above. 

 
8. The correct electron configuration for chlorine is 1s22s22p63s23p5 (abbreviated 

as [Ne]3s23p5). Assess the accuracy and logic of each of the statements below 
regarding chlorine and select the best choice. 

I. Every electron in the 3s and 3p shells of Cl feels about the same nuclear charge. 
II. There is space for only one more electron in the 3p orbitals of Cl. 

III. Therefore, electrons feel a high attraction to Cl so that Cl has a high 
electronegativity and electron affinity. 

a. Statements I and II are true and lead logically to Statement III.  
b. Only Statement I is true and Statement II is false, therefore Statement III 

does not follow logically from I and II. 
c. Statement I is false and Statement II is true, therefore Statement III does 

not follow logically from I and II.  
d. Statements I and II are true, but Statement III is only partially true. 
e. Statements I and II are false, but Statement III is true. 
f. All statements are false. 

 
9. Assess the accuracy and logic of each of the statements below and select the 

best choice. 
 

 
 

a. All statements are true and logical. 
b. Only Statement I is true, but Statements II and III are not logical 

consequences of Statement I. 
c. Statements I and II are true, but Statement III is not a logical 

consequence. 
d. Statements I and III are true even though Statement II is not a logical 

consequence of Statement I. 
e. Statement I is false, yet Statement II is true and the logical consequence 

is Statement III. 
f. All statements are false. 
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10. The table below shows the successive ionization energies (IE) for which 

element?  
  (kJ/mol) 
1st IE 578 
2nd IE 1817 
3rd IE 2745 
4th IE 11575 
5th IE 14830 
6th IE 18376 
7th IE 23293 

a.  Ne 
b.  Mg 
c.   Al 
d.  Si 
e.  P 

 
13. When a bond is broken, 

a. Energy is added. 
b. Energy is released. 
c. The energetics depend on the circumstances (such as type of atoms 

bonded, how the bond is broken, and surrounding conditions such as T 
and P).  

 
14. The reasoning behind your answer above is: 

a. There is energy stored in bonds that is released as heat when the bond is 
broken. 

b. There is energy stored in bonds that is used to restore the atomic 
configurations of the components when the bond is broken. 

c. Energy must be added to the molecule to restore the atomic 
configurations of the components when the bond is broken. 

d. Every bond is different; some require energy and some release energy, 
so there is no general rule.  

e. Reactions are primarily endothermic at high temperature but primarily 
exothermic at low temperature.  

f. Reactions are primarily endothermic at low temperature but primarily 
exothermic at high temperature.  
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13. Consider the following Lewis structures for HFCO. Which of the following 

assessments is correct? 

      

       A          B 

a. Structure A is incorrect because a lone pair on oxygen should be shifted to 
make a double bond between the oxygen and carbon atoms.  

b. Structure A is incorrect because it does not account for all of the valence 
electrons. 

c. Structure B is incorrect because the double bond creates a formal charge 
on the carbon and oxygen atoms. 

d. Structure B is incorrect because the double bond should be between the 
fluorine and carbon atoms rather than the oxygen and carbon atoms. 

e. Structures A and B are equally correct resonance structures.  
 

15. Sulfur chloride (SCl2) and calcium chloride (CaCl2) have similar chemical 
formulae. At room temperature, sulfur chloride is a liquid and calcium chloride 
is a solid. The difference in state between the two chlorides is due to the 
presence of strong interactions in which substance and why? 

a. SCl2 because the difference in sizes (S is smaller than Ca) creates 
stronger intermolecular interactions.  

b. CaCl2 because the bonds in CaCl2 are not easily broken, but the bonds in 
SCl2 are easily broken. 

c. CaCl2 because of the greater polarity of the bonds in CaCl2 compared to 
SCl2. 

d. SCl2 because it is covalently bonded. 
 CaCl2 because it is ionically bonded.
 

16. The molecule (PCl5) is observed not to have a dipole moment. This is because: 
a. There are no lone pairs of electrons on the central atom. 
b. There are two lone pairs of electrons on the central atom, but due to 

repulsion, they are on opposite sides of the central atom and cancel out.  
c. P and Cl are close in the periodic table, so they have very similar 

electronegativities, and as such, the P-Cl bonds are not polar. 
d. The polarity of the P-Cl bonds cancel out due to the geometry of the 

molecule. 
e. As a gas and liquid PCl5 is not ionic, but rather the bonds are covalent. 
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17. In the nitric acid molecule (H-O-NO2), the three oxygen atoms are attached to 
the nitrogen. Of the three O-N bonds, two have the same length and are shorter 
than the third. The best reason for this observation is: 

a. There are two double NO bonds and one single NO bond. 
b. There are two single NO bonds and one double NO bond.  
c. There are two resonance structures with two single bonds and one 

double NO bond. 
d. There are three single NO bonds, but one bond is longer due to the 

electronegativity of the H atom. 
e. There are three single NO bonds, but one bond is longer due to the 

greater repulsion with a lone pair of electrons on the N atom.  
 

18. Which of the following is the predicted shape of nitrogen bromide (NBr3)?  
a. Trigonal planar 
b. Trigonal pyramidal 
c. Tetrahedral 
d. T-shaped 
e. See-saw shaped 

 

19. The reason for your answer above is: 
a. Nitrogen forms three bonds that equally repel each other to form a 

trigonal planar shape.  
b. The polarity of the nitrogen-bromine bonds determines the shape of the 

molecule. 
c. The difference in the electronegativity for bromine and nitrogen 

determines the shape of the molecule.  
d. The geometry is determined by the repulsion of the electronegative 

bromine atoms. 
e. The tetrahedral arrangement of the bonding and non-bonding electron 

pairs around nitrogen results in the shape of the molecule.  
 

20. If the total bond energy in the starting materials is less than the total bond 
energy in the products, is the reaction is exothermic or endothermic? 

a. Exothermic 
b. Endothermic 
c. Cannot be determined from this data 
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21. If the reaction occurs faster at higher temperatures, is the reaction is exothermic 

or endothermic? 
a. Exothermic 
b. Endothermic 
c. Cannot be determined from this data 

 
22. A 100g block of iron at 100°C is placed in contact with a 100g block of iron at 

30°C.   What will happen? 
a. Heat transfer does not occur between solids so the temperatures of both 

blocks remain constant.  Another medium for heat transfer (e.g. air) is 
required. 

b. The hotter block contains greater energy, so the final temperature equals 
the temperature of the hotter block. 

c. The hotter block contains greater energy, so the final temperature is 
closer to the temperature of the hotter block. 

d. The cooler block absorbs energy and the hotter block loses energy, so 
the final temperature is half way in between the starting temperatures. 

e. The cooler block absorbs the energy of the hotter block bringing both 
blocks to the lower temperature. 

 
23. Considering the Question 21, how does the temperature equilibration occur 

between the iron blocks? 
a. Heat flows from hot bodies to cold bodies. 
b. The greater kinetic energy of the atoms in the hot iron increases the 

kinetic energy of the atoms in the cold iron by collisions. 
c. The lower kinetic energy of the atoms in the cold iron dampens the 

kinetic energy of the atoms in the hot iron by collisions. 
d. All of the above. 
e. Solids cannot transfer kinetic energy via collisions – a gas or liquid is 

required to transfer heat. 
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24. As shown below, 100 g block of substance X has been heated to 100°C and 

dropped into a beaker of 100 ml of water at 25°C. A 100 g block of substance Y 
has also been heated to 100°C and dropped into another beaker of 100 ml of 
water at 25°C. The final temperature of the water in the beaker containing 
substance X is greater than that of substance Y. Which substance has the higher 
specific heat capacity (per gram)? 

 

a. Substance X 
b. Substance Y 
c. The heat capacities are equal. 
d. Cannot be determined from the information given. 

 
25. Which of the following accurately describes the relationship between volume 

and pressure in an ideal gas (temperature and amount of gas held constant)? 
a. As pressure increases, volume increases. 
b. As pressure decreases, volume increases. 
c. As pressure increases, first the volume decreases, but then it starts to 

increase again. 
d. There is no relationship. 
e. Insufficient information to determine this. 



www.manaraa.com

 
26. Which of the following is the best theoretical explanation for the relationship 

between volume and pressure that you chose for Question 24? 
a. As the volume of a vessel decreases, the molecules begin to stick 

together and therefore collide less with the walls. Fewer collisions with 
the walls means the pressure decreases as well. 

b. As the volume of a vessel increases, the surface area increases. Since the 
total number of molecules remains the same, the number of molecules 
hitting a particular area decreases. By the definition of pressure, this 
means that the pressure is decreasing. 

c. As the pressure increases, the molecules are hitting the walls of the 
vessel with more force. This pushes the walls out, so the volume 
increases as well.  

d. As the volume decreases, the molecules begin to repel each other. This 
causes them to hit the walls more often. By the definition of pressure, 
this means that the pressure is increasing.  

e. Pressure is how many molecules are hitting the walls, while volume is 
how much space the molecules are taking up, so there is no relationship 
between them.  

f. None of these is a good explanation. 
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27. Select from the following pictures a sequence showing increasing temperature. 
At least one of theses picture is not physically realistic and should be excluded 
from your sequence. 

 

    

  A     B   C   D 

    

 E       F    G    H 

a. AHGB 
b. EHGB 
c. EHDF 
d. EHGBC 
e. AEHGBF 
f. EHGBCF 
g. EHGBDCF 
h. EAHGBDF 
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Consider a closed system with liquid-vapor equilibrium as illustrated in the 
Figures A and B. By moving the piston up from its position in Figure A, the volume is 
increased in Figure B.  

           A                         B 

 

28. After equilibrium is reestablished in Figure B, which of the following will be 
true? 

a. The vapor pressure will remain the same in Figures A and B, since it 
depends only on the temperature. 

b. The vapor pressure in Figure B will be lower, since pressure is inversely 
proportional to volume. 

c. The vapor pressure in Figure B will be higher in order to fill the 
increased volume. 

d. Because the pressure is below the vapor pressure in Figure B, the vapor 
will condense into the liquid. 

e. Because temperature is proportional to pressure, the temperature will be 
lower in Figure B. 

 
29. The reason for you answer in Question 27 is, after equilibrium is reestablished: 

a. The rates of condensation and vaporization are unchanged even if 
volume is increased. 

b. The rate of condensation is smaller because with greater volume less 
vapor molecules will come in contact with the liquid surface. 

c. The rate of condensation is larger because there are more vapor 
molecules that come in contact with the liquid surface. 

d. The rate of vaporization is larger because there is more space for the 
vapor molecules. 

e. The temperature is lower because the number of collisions molecules 
have with the wall has decreased. 
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30. At ambient conditions, water (H2O) is a liquid and methane (CH4) is a gas. Why 
are water and methane found in different physical states at the same temperature 
and pressure? 

a. Water can only form half as many hydrogen bonds as methane. 
b. The covalent bonds in water are not as strong as those in methane. 
c. Water molecules take up less space than methane molecules, so water is 

easier to condense. 
d. Water molecules are heavier than methane molecules, so water is easier 

to condense. 
e. Water molecules have stronger intermolecular interactions than methane 

molecules. 
 

31. A reaction is at equilibrium, and then temperature is increased. How does an 
increase in temperature affect a reaction after equilibrium is reestablished?  

a. The rate of the forward reaction increases. 
b. The rate of the reverse reaction increases. 
c. The rates of both the forward and reverse reactions increase equally. 
d. The rates of both the forward and reverse reactions increase by different 

amounts. 
e. More information is required to compute the rates of forward and 

reverse reactions. 
 

32. Why does increasing temperature increase the equilibrium constant for an 
endothermic reaction yet decrease the equilibrium constant for an exothermic 
reaction? 

a. Endothermic reactions favor the products and exothermic reactions favor 
the reactants. 

b. Endothermic reactions occur faster at higher temperatures and 
exothermic reactions occur slower at higher temperatures. 

c. The reaction equilibrium always shifts in the direction which absorbs 
heat when the temperature is increased.  

d. This is not the case. Increasing temperature increases the equilibrium 
constant for both exothermic and endothermic reactions. 

e. This is not the case. Increasing temperature decreases the equilibrium 
constant for both exothermic and endothermic reactions. 
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33. The following pictures represent aqueous solutions of three acids, HA, HB and 

HC.  Which acids are strong and which are weak? (Water molecules are 
excluded from the illustrations.) 

 

 

 

 

 

 

 

         

     HA        HB    HC 

a. HA, HB and HC are all strong acids. 
b. HA, HB and HC are all weak acids. 
c. HA and HB are weak acids and HC is a strong acid. 
d. HA and HC are weak acids and HB is a strong acid. 
e. HA is a weak acid and HB and HC are strong acids. 

          
                         represents HX (where X is A, B or C) 
  
          
                         represents X- (where X is A, B, or C) 
 
          
                         represents H3O

+ 
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33. Assess the accuracy and logic of each of the statements below and select 

the best choice. 
 

I.  A strong acid is more concentrated than a weak acid.  
II.  As acid concentration increases, the percent ionization of the acid   

  molecules increases. 
III.  With a higher ionization percentage, the pH of a strong acid solution is  

  lower than the pH of a weak acid solution at the same concentration. 
IV.  With a lower pH, a strong acid can fully neutralize a base solution whereas 

  a weak acid only partially neutralizes a base solution. 
 

a. All statements are true and follow logically. 
b. Statements I, II, and III are true, but Statement IV does not follow 

logically. 
c. Statements I and III are true, but there is no logic in the statements. 
d. Statements II and III are true and lead logically to Statement IV even 

though Statement I is false. 
e. Only Statement II is true and there is no logic in the statements. 
f. Only Statement III is true and there is no logic in the statements. 

 
34. Why does the entropy of the universe always increase? 

a. Entropy increases as energy is consumed. 
b. Entropy measures probability, which increases. 
c. Entropy means randomness, which increases. 
d. Heat generates entropy. 
e. None of these is a good reason. 

 
35. Why would a reaction come to equilibrium rather than go to completion? 

a. There is insufficient energy for complete reaction. 
b. There is an insufficient amount of one reactant, which is the limiting 

reagent. 
c. The reverse reaction competes with the forward reaction. 
d. The entropy of the reactants is greater than the entropy of the products. 
e. The entropy of the surroundings is greater than the entropy of the 

reaction mixture.  
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36. Why do all reactions require energy to occur? 

a. For a reaction to occur, the kinetic energy of the molecules must 
increase which requires heat input. 

b. For a reaction to occur, molecules must collide which takes energy input 
that is known as the activation energy. 

c. For a reaction to occur, some of the bonds of the reactant molecules 
must be broken so that atoms can rearrange to form new bonds, and the 
energy needed for this is known as the activation energy. 

d. This is not true, because exothermic reactions do not require energy to 
occur as the reaction itself releases heat. 

e. This is not true, because it depends on the specific type of reaction. 
 

37. Which metal, sodium or magnesium, has a higher melting point and why? 
a. Sodium: the metallic bonding is stronger because Na has fewer electrons 

delocalized in the metallic bond and the nuclear charge is lower. 
b. Sodium: the metallic bonding is stronger because Na is smaller and 

therefore the atoms can pack more closely together.  
c. Magnesium: the metallic bonding is stronger because Mg has more 

electrons delocalized in the metallic bond and the nuclear charge is 
greater. 

d. Magnesium: the metallic bonding is stronger because Mg is larger and 
has a greater nuclear charge. 

e. More information is needed.  
 

38. Consider chlorine and bromine. Which redox reaction will occur and why? 
(i) Br2 will oxidize Cl-    or  (ii) Cl2 will oxidize Br- 

a. (i) because Br has a stronger electron affinity than Cl. 
b. (i) because Br is larger than Cl. 
c. (ii) because Cl is more electronegative than Br. 
d. (ii) because Cl2 is more reactive than Br2. 
e. Either reaction will occur depending upon conditions.  

 

 

 


