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Potentially Useful Information 
 

q = m  cs  ∆T ∆Tf = i  Kf  m  

∆Tb =  i  Kb  m Sgas = kH  Pgas 

Psolvent = solvent  Psolvent k = Ae –Ea/RT 

ln (
[𝐴]𝑡

[𝐴]0
) =  −𝑘𝑡 

1

[𝐴]𝑡
−

1

[𝐴]0
=  𝑘𝑡 

[𝐴]𝑡 − [𝐴]0 = − 𝑘𝑡 
ln (

𝑘2

𝑘1
) =

−𝐸𝑎

𝑅
(

1

𝑇2
−

1

𝑇1
) 

ln (
𝐾2

𝐾1
) =

−∆𝐻𝑟𝑥𝑛

𝑅
(

1

𝑇2
−

1

𝑇1
) ln (

𝑃2

𝑃1
) =

−∆𝐻𝑣𝑎𝑝

𝑅
(

1

𝑇2
−

1

𝑇1
) 

pH = -log [H3O+]   pOH = -log [OH-] 

pH = pKa + log (
[𝐴−]

[𝐻𝐴]
) ∆Ssurr = 

−∆𝐻𝑠𝑦𝑠

𝑇
 

∆G = ∆H - T∆S Ecell = Ered + Eox 

∆𝐸 = 𝐵 (
1

𝑛𝑓
2 −

1

𝑛𝑖
2) x=

-b ± √b
2 - 4ac

2a
 

∆G = -nF 

 = MRT 

c = 

E = h

F = 96485 C/mol Kw = 1.0  10-14 

R = 0.08206 L atm/mol K; 8.3145 J/mol K B = -2.18x10-18 J 

1.0 kg = 2.2 lb NA = 6.022x1023  

1.0 in = 2.54 cm 1 atm = 101,325 Pa = 1.01325 bar  

1 lb = 453.59 g 1 J = 1 N  m = 1 kg  m2  s-2 = 0.239 cal  

c = 2.998  108 m/s h = 6.626 x 10-34 J·s 

 
Assume all gases behave ideally unless specifically told to do otherwise 
Assume all solutions are aqueous and at 25 °C unless specifically told otherwise 
Assume all gases are at STP unless specifically told otherwise 
 
Simple Rules for the Solubility of Salts in Water 

1. Most nitrates are soluble 
2. Most salts containing Group 1 ions or ammonium (NH4

+) are soluble 
3. Most chloride, bromide, and iodide salts are soluble except those of Ag+, Pb2+, and Hg2

2+. 
4. Most sulfates are soluble with the exception of  Ba2+, Pb2+, Hg2

2+, and Ca2+ 
5. Most hydroxide salts are only slightly soluble with the exception of Group 1 hydroxides.  

Group 2 (Ba2+ to Ca2+) are slightly soluble. 
6. Most sulfides, carbonates, chromates, and phosphates are only slightly soluble. 
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1. The ability to dissolve in a solvent is also called  
 

A.  solubility     B.  volatility     C.  malleability    D.  molarity      E.  polarizability 

 

 

2. Write the formula for copper(II) sulfate pentahydrate. 
 

 A.  Cu2SO3 ˖ H5  B.  Cu2S ˖ H2O   C.  CuS ˖ 5H2O   D.  (CuSO4)5       E.  CuSO4 ˖ 5H2O 

 
 
3. Identify the number of electron groups around a molecule with sp hybridization. 
 
 A.  1     B.  2        C.  3     D.  4     E.  5 
 
 
4. What is the specific heat capacity of an alloy that requires 59.3 kJ to raise the temperature of   

150.0 g of the alloy from 298 K to 398 K? 
 

A. 4.38 J/g.°C    
B. 2.29 J/g.°C    
C. 3.95 J/g.°C    
D. 2.53 J/g.°C    
E. 1.87 J/g.°C 

 
 
5. Arrange the following substances in order of decreasing boiling point. 
 
  H2O          N2     CO 

 
A. CO > H2O > N2    

B. N2  > CO > H2O    

C. CO > N2 > H2O    

D. H2O > CO > N2    

E. N2 > H2O > CO 

 
 
6. Which of the following species is amphoteric? 
 

A. CO3
2–  B.  HF  C.  NH4

+  D.  HPO4
2– E.  H3PO4  
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7. A syringe initially holds a sample of gas with a volume of 285 mL at 355 K and 1.88 atm. To what 
temperature must the gas in the syringe be heated/cooled in order to have a volume of 435 mL at 
2.50 atm? 

 
A. 139 K 
B. 572 K 
C. 175 K 
D. 466 K 
E. 721 K 

 
 
8. Identify the missing particle in the following nuclear equation: 
 

  Th90
228

  →  He2
4

  +  ? 

 

 A.  U92
232

 B.  Ac89
232

       C.  Ac89
228

              D.  Ra88
228

         E.  Ra88
224  

 
 
9. What is the chemical name for P2I4?  

 
A. phosphorous(IV) iodine 
B. diphosphorous tetraiodide 
C. phosphorous tetraiodine 
D. phosphorous(II) iodine 
E. diphosphorous iodine 

 
 
10. Which of the following is the best Lewis structure for NO3⁻?     

 

A.    B.     C.     D.    E.   
 

 
11. For a given compound, list the decreasing order of entropy for a liquid, solid, and gas. 
 

A. solid > gas > liquid    
B. liquid > solid > gas    
C. gas > liquid > solid     
D. gas > solid > liquid     
E. solid > liquid > gas 
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12. What is the triple point? 
 

A. The temperature, pressure, and density for a gas. 
B. The temperature at which the boiling point equals the melting point. 
C. The temperature and pressure where liquid, solid, and gas are equally stable and are in 

equilibrium. 
D. The temperature that is unique for a substance. 
E. The temperature at which the solid and liquid co-exist. 

 
 
13. What is the concentration of hydroxide ions in pure water at certain temperature if Kw has a value 

of 1.57 × 10-14? 
 

A. 1.25 × 10-7 M 

B. 1.00 × 10-7 M    

C. 1.30 × 10-7 M    

D. 1.47 × 10-7 M    

E. 8.93 × 10-8 M    
 
 
14. Name the following compound. 
 

   
 

A. 2-bromophenol    
B. 2-bromoaniline    
C. 2-bromonaphthalene    
D. 2-bromotoluene    
E. 2-bromoanisole 

 
 
15. Which element listed would be the best fit for the following ionization energies (all in kJ/mol)? 

 
       IE1 = 1012       IE2 = 1900       IE3 = 2910       IE4 = 4960       IE5 = 6270       IE6 = 22,200 
 

A.  S    B.  Si      C.  Cℓ       D.  Mg    E.  P 

 
16. Select the complete electron configuration for Cu+. 

 
A. 1s22s22p63s23p64s23d8 

B. 1s22s22p63s23p64s23d9 

C. 1s22s22p63s23p63d9 

D. 1s22s22p63s23p63d10 

E. 1s22s22p63s23p64s13d9  
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17. The Henry’s Law constant of methyl bromide, CH3Br, is 0.159 M/atm at 25 ⁰ C. What is the solubility 

of methyl bromide in water at 25 ⁰ C and at a partial pressure of 270. mmHg? 

 
A. 0.448 M    

B. 0.0564 M 

C. 0.355 M     

D. 42.9 M     

E. 0.641 M 

 

18. How many molecules of HCℓ are formed when 90.0 g of water reacts according to the following 

balanced reaction? Assume excess ICℓ3. 

 
2 ICℓ3  +  3 H2O  →  ICℓ  +  HIO3  +  5 HCℓ 

 
A. 3.00 x 1024 molecules 

B. 5.00 x 1024 molecules 

C. 5.00 x 1025 molecules 

D. 6.00 x 1024 molecules 

E. 9.00 x 1024 molecules 

 
19. Determine the mass of a ball with a velocity of 40.0 m/s and a wavelength of 8.92 x 10–34 m. 

 
A. 18.6 g  

B. 594 g   

C. 53.8 g 

D. 29.7 g   

E. 2.36 g 

 

20. For the reaction, the value of KC is 8.3 x 10–10 at 25 ⁰ C. What is the concentration of N2 gas at 

equilibrium when the concentration of NO2 is twice the concentration of O2 gas? 

 
N2(g)  +  2 O2(g)  ↔  2 NO2(g) 

 
A. 2.4 x 109 M 

B. 2.1 x 10–10 M 

C. 4.2 x 10–10 M 

D. 8.3 x 10–10 M 

E. 4.8 x 109 M  

 

21. Calculate the mole fraction of the total ions in an aqueous solution prepared by dissolving        

0.400 moles of calcium fluoride in 850.0 g of water. 

 
A. 0.00841   

B. 0.0270     

C. 0.0167     

D. 0.0248     

E. 0.00900   
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22. According to Hund’s Rule 

 
A. Electrons fill degenerate orbitals singly and pair up only after all the orbitals are half filled. 

B. Electrons found in the same orbital must have opposite spins. 

C. No two electrons in the same atom can have the same set of four quantum numbers. 

D. Electrons pair off first, then fill orbitals. 

E. Low energy orbitals fill before high energy orbitals. 

 

 

23. How many photons are contained in a burst of yellow light (589 nm) from a sodium lamp that 

contains 616 kJ of energy? 

 
A. 4.03 x 1028 photons 

B. 2.08 x 1013 photons 

C. 1.83 x 1024 photons 

D. 2.48 x 1025 photons 

E. 3.06 x 1030 photons 

 
24. At a certain temperature, KC equals 1.4 x 102 for the reaction: 

 
2 CO(g)  +  O2(g)  ↔  2 CO2(g) 

 
If a 3.50 L flask contains 0.400 mol of CO2 and 0.100 mol of O2 at equilibrium, how many moles of 
CO are also present in the flask? 

 
A. 0.200 mol       

B. 0.0114 mol        

C. 0.700 mol         

D. 0.107  mol         

E. 0.0571 mol 

 

 

25. Aluminum metal reacts with aqueous iron(III) oxide to form aqueous aluminum oxide and iron metal. 

What is the stoichiometric coefficient for aluminum when the chemical equation is balanced using 

the lowest, whole-number stoichiometric coefficients? 

 
A. 1 

B. 2 

C. 3 

D. 4 

E. 5 
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26. Choose the aqueous solution with the highest freezing point. These are all solutions of nonvolatile 

solutes. 

 
A. 0.200 m Mg(CℓO4)2 

B. 0.200 m Ba(NO3)2 

C. 0.200 m HOCH2CH2OH 

D. 0.200 m Na3PO3 

E. These all have the same freezing point. 

 

27. Place the following in order of increasing radius. 

 
  Br1–       Na1+      Rb1+ 
 

A. Rb1+  <  Br1–  <  Na1+ 

B. Br1–  <  Na1+  <  Na1+ 

C. Rb1+  <  Na1+  <  Br1– 

D. Na1+  <  Rb1+  <  Br1– 

E. Br1–  <  Na1+  <  Rb1+  

 
28. A chemist transfers a volume of water from a pipette to a small, clean beaker and weighs it on an 

analytical balance. She then repeats this exercise for a total of 10 trials. She then calculates the 
standard deviation to see how close the values are to each other. What is the main point of this 
exercise? 

 
A. To determine the maximum capacity of the pipette 
B. To evaluate the precision of the pipette 
C. To determine the number of significant digits she should use for volumes 
D. To verify the maximum reliable capacity of the pipette 
E. To evaluate the accuracy of the pipette 
 
 

29. What is the length of a perfect cube with a volume of 1000 mL? 
 

A. 0.01 cm 
B. 0.1 cm 
C. 1 cm 
D. 10 cm 
E. 1,000 cm 

 
 
30. Which of the following represents the correct number of subatomic particles for the neutral 

isotope P15
32  ? 

 
A. 32 e–;  32 no;  15 p+  
B. 15 e–;  32 no;  17 p+  
C. 15 e–;  17 no;  15 p+  
D. 32 e–;  17 no;  15 p+   
E. 15 e–;  15 no;  17 p+     
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31. How many total atoms are in a single formula unit of ammonium phosphate? 
 

A. 2 
B. 7 
C. 10 
D. 20 
E. 25 
 
 

32. Elemental analysis of an unknown compound revealed it was 25.0% carbon, 8.30% hydrogen, and 
66.7% oxygen by mass. What is the empirical formula for this compound? 

 
A. C3HO8  
B. CHO2  
C. CHO  
D. C4H16O8   
E. CH4O2   

 
 
33. What is the percent composition of oxygen in methanol? 
 

A. 0.170% 
B. 0.500% 
C. 16.7% 
D. 50.0% 
E. 83.3% 

 
 
34. An acetate buffer prepared from equimolar concentrations of acetic acid and sodium acetate would 

have a pH of 4.76. What would the ratio of acetate to acetic acid (C2H3O2
– : HC2H3O2) be if the pH 

was adjusted to 3.76 with HCℓ? 
  
A. 1:10 
B. 10:1 
C. 1:2 
D. 2:1 
E. 1:1 

 
 
35. The decomposition of ozone into oxygen has the rate law expressed below. What would be the 

effect on rate if the concentrations of both ozone and oxygen gas are doubled? 
 

 rate = 𝑘
[O3]2

[O2]
     

 
A. The rate would quadruple. 
B. The rate would decrease by one half. 
C. The rate would increase by 1.5 times. 
D. The rate would decrease by 1.5 times. 
E. The rate would double. 
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36. A chemical reaction has a ΔG value of –14.9 kJ/mol. How would adding a metal catalyst affect the 
free energy values of the reactants and products? 

 
A. There would be no change in these values. 
B. The free energy of the reactants would increase. 
C. The free energy of the reactants would decrease. 
D. The free energy of the products would increase. 
E. The free energy of the products would decrease. 

 
 
37. Solutions to the Schrodinger equation tell us which of these? 
 

A. The number of electrons an atom may have. 
B. The way in which electrons in an atom will be distributed in space around the nucleus. 
C. The number of orbitals and shells an atom may have that can be occupied by electrons. 
D. The number of subatomic particles of each type that may be present in an atom. 
E. The uncertainty we are about the position of a subatomic particle when we know its momentum 

with increasing certainty. 
 
 
38. Which of the following is a possible set of quantum numbers for an electron in the 2p orbital in a 

ground state nitrogen atom? 
 

A. n = 2;  ℓ = 1;  mℓ = 2;  ms = ½  
B. n = 2;  ℓ = 1;  mℓ = 0,  ms = –½  
C. n = 1;  ℓ = 1;  mℓ = 0;  ms = ½  
D. n = 3;  ℓ = 0;  mℓ = 0;  ms = –½  
E. n = 1;  ℓ = 0;  mℓ = 0;  ms = ½  

 
 
39. In a standard galvanic cell, ions will flow across the salt bridge in which direction? 
 

A. Cations and anions both flow from anode to cathode. 
B. Cations and anions both flow from cathode to anode. 
C. Cations flow from anode to cathode while anions move in the opposite direction. 
D. Anions flow from anode to cathode while cations move in the opposite direction. 
E. The direction will vary depending on whether the cell is under standard or non-standard 

conditions. 
 
 
40. Given the standard reduction potentials shown, which of these substances would be the strongest 

reducing agent? 
 
  Cu2+(aq) + 2 e–  →  Cu(s) +0.34 V 
  Sn4+(aq) + 2 e–  →  Sn2+(aq) +0.15 V 
  2 H+(aq) + 2 e–  →  H2(g)   0.00 V 
  V3+(aq) + e–  →  V2+(aq) –0.26 V 
  Fe2+(aq) + 2 e–  →  Fe(s) –0.44 V 
 

A. Cu2+(aq) B.  Cu(s) C.  Fe(s) D.  Fe2+(aq) E.  H2(g) 
 



 


