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Potentially Useful Information 
 

q = m  cs  ∆T ∆Tf = i  Kf  m  

∆Tb =  i  Kb  m Sgas = kH  Pgas 

Psolvent = solvent  Psolvent 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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2022 Academic Challenge 
Regional Chemistry Exam 

 
1. Which property of a sample of water remains the same when it changes from a solid (ice) to a gas?  

 
A. density  

B. mass  

C. enthalpy  

D. volume  

E. all remain the same 

 
2. Which of the following names correctly identifies the substance whose formula is NaCℓO3?  

 
A. sodium monochlorotrioxide  

B. sodium chlorine trioxide  

C. sodium hypochlorate  

D. sodium hyperchlorate  

E. sodium chlorate 

 
3. Which property is not a physical property of matter?  

 
A. density 

B. freezing point  

C. combustibility  

D. boiling point  

E. conductivity 

 
4. The total number of nonbonding electron pairs in the entire molecule of PCℓ3 is:  

 
A. 10  

B. 6   

C. 9  

D. 8  

E. 1 

 
5. What is the formula for sulfur trioxide?  

 
A. SO3  

B. SO3
2–  

C. SO4  

D. S3O  

E. none of these 
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6. When a 6.30 g gold plate is heated its temperature changed from 25.0 oC to 29.7 oC, how much 
energy has the object absorbed? The specific heat of gold at 25 oC is 0.129 J/g.oC.  
 
A. 0.096 J  

B. 0.17 J  

C. 3.82 J  

D. 120 J  

E. 5.6 J 

 

7. In which of the following molecules or ions is the octet rule violated? 
 
A. CO2  

B. NO  

C. NH4
+  

D. F2  

E. CN–   

 
8. Place the molecules on right in the decreasing order of intermolecular forces.     HF    H2    CO2  

 
A. CO2 > H2 > HF 

B. H2 > CO2 > HF 

C. HF > CO2 > H2  
D. CO2 > HF > H2  

E. None of the choices 

 

9. Choose all of the phase changes which are endothermic.  

I) melting  II) freezing       III) boiling     IV) sublimation       V) evaporation 
 

A. I, IV  

B. I, II  

C. I, III, V  

D. I, III, IV, V   

E. I, III 

 
10. Which of the following is true when [H3O

+] = [OH–]? 
 

A. pH > 7  

B. pH < 7  

C. the solution is acidic  

D. the solution is neutral  

E. the solution is basic  
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11. What is the pH of a solution with a hydrogen ion concentration of 6.45 x 10–5 M?  
 

A. 4.19  

B. 7.57  

C. 5.55  

D. 9.03  

E. 4.81 

 
12. At constant temperature, the volume of a given amount of a gas is inversely proportional to its 

pressure. Which of the following expresses this relationship?  
 
A. P/V = constant  

B. PV = constant  

C. P = V  

D. PT = constant  

E. PVT = constant 

 

13. What is the volume of 12.0 g of C3H8 gas at 65.0 oC at a pressure of 2.00 atm?  
 

A. 4.06 L  

B. 178 L  

C. 0.726 L  

D. 32.0 L  

E. 3.79 L 

 
14. A piece of white paper would have sufficient density to stop the penetration of which of the 

following?  
 

A. a photon 

B. beta particle  

C. gamma radiation  

D. a high velocity electron  

E. alpha particle  

 
15. How many moles of chlorine are needed to produce 185.0 g of iron(III) chloride? 

 
 3 Cℓ2  +  2 FeI3  →  2 FeCℓ3  +  3 I2 

 
A. 1.711 
B. 1.141 
C. 0.7607 
D. 3.422 
E. 121.3 
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16.  Which of the following solutions has the highest vapor pressure? 
 

A. 1.0 M NaCℓ 
B. 1.0 M C6H12O6 
C. 1.0 M CaBr2 
D. 1.0 M Aℓ(NO3)2 
E. All have the same vapor pressure. 

 
17. What is the correct equilibrium constant expression (Kc) for the reaction below? 
 
   2 SO2(g) + O2(g)  ⇄  2 SO3(g)   
 

A.  
[SO2]2

[SO3]
    

B. 
[SO2]

[O2]
     

C. 
[SO3]2

[SO2]2[O2]
     

D. 
[SO2]2[O2]

[SO3]2    

E. 
[SO3]2

[SO2]2 

 
18. A radio station broadcasts at a frequency of 89.9 MHz. What is the energy of the radio signal? 
 

A. 5.96 x 10–32 J 
B. 5.96 x 10–29 J 
C. 3.34 x 106 J 
D. 3.34 J 
E. 5.96 x 10–26 J 

 
19. Which of the following comparisons would be true? 
 

A. Ga has a larger ionization energy than Aℓ. 
B. Aℓ has a smaller radius than Si. 
C. Si has a lower electron affinity than Aℓ. 
D. Aℓ has a lower ionization energy than Si. 
E. Si has a larger radius than Ga. 

 
20. What is the mole fraction of HBr in a solution that contains 250 g of HBr in 100 mL of water? 
 

A. 0.0309 
B. 0.557 
C. 0.443  
D. 0.642 
E. 0.358 
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21. What is the coefficient on oxygen when the chemical equation below is properly balanced? 
 
   C4H10O  +  O2  →  CO2  +  H2O 
 

A. 6  
B. 13  
C. 26  
D. 1  
E. 4 

 
22. Which of the following would represent a diamagnetic element? 
 

A. [Ar]4s23d6 
B. [Ar]4s23d104p3 
C. [Ar]3d8 
D. [Ar]4s13d10 
E. [Ar]4s23d10 

 
23. Which group of elements would have the highest electron affinities? 
 

A. alkali metals 
B. noble gases 
C. halogens 
D. alkaline earth metals 
E. group 4A 

 
24. Which electronic transition would produce light with the longest wavelength? 
 

A. 4 → 1  
B. 2 → 1      
C. 3 → 2      
D. 4 → 3     
E. 3 → 1 

 
25. Which correctly describes the solubility of solids with respect to increasing temperature? 
 

A. always increases 
B. increases if the dissolving process is endothermic 
C. always decreases 
D. increases if the dissolving process is exothermic 
E. solid solubility is not affected by temperature 

 
26. How many grams of hydrogen in 15.50 g of acetic acid, HC2H3O2?  
 

A. 1.043 g 
B. 0.7820 g 
C. 0.2555 g 
D. 1.060 g 
E. 0.7953 g 
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27. Which would be the correct set of quantum numbers for the last electron added in the orbital 
diagram of scandium? 

 
A. n = 4    l = 2     ml = -2     ms = +½ 
B. n = 3    l = 0     ml = 0      ms = +½ 
C. n = 4    l = 0     ml = 0      ms = +½ 
D. n = 3    l = 2     ml = –2     ms = +½  
E. n = 3    l = 1     ml = –1     ms = +½ 

 
28. How many degrees Celsius is equal to 412 K? 

 

A. –211   

B. –139   

C. 59   

D. 139    

E. 211 

 
29. A lab procedure asks you to use a pipette to dispense 5.00 mL of water and then weigh it in a tared 

beaker on an analytical balance. You then use a reference manual to find the density of water at 

room temperature and use that to convert 5.00 mL to a mass. You calculate a percent error 

between your measured mass and the reference mass. What is the point of this exercise? 

 

A. to identify the maximum volume of the pipette 

B. to determine the precision of the pipette 

C. to identify any flaws in your pipetting technique 

D. to verify the reference value for density 

E. to determine the accuracy of the pipette 

 
30. A standard graduated cylinder has markings for every 0.1 mL. Which of the following is a proper 

volume to report using this instrument? 

 

A. 10 mL 

B. 10. mL 

C. 10.0 mL 

D. 10.00 mL 

E. 10.000 mL 

 
31. An isoelectronic series of monatomic ions or atoms would have which of these in common? 

 

A. the same atomic mass 

B. the same number of neutrons 

C. the same number of electrons 

D. the same atomic number 

E. the same electrical charge 
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32. How many electrons would you find in a neutral isotope of hydrogen-2? 

 

A. 0   

B. 1  

C. 2   

D. 3  

E. 4   

 
33. How many atoms are there in a single molecule of diphosphorus pentoxide? 

 

A. 2    

B. 4    

C. 5   

D. 7   

E. 10 

 
34. A novel drug containing only carbon, hydrogen, and oxygen was decomposed through heating and 

found to contain 92.0 % by mass of carbon and oxygen combined. What would be the mass of 

hydrogen in a 25.0 gram sample of this drug? 

 

A. 1.00 g 

B. 2.00 g 

C. 4.00 g 

D. 6.00 g 

E. 8.00 g 

 
35. What is the empirical formula for a compound containing only two elements with 69.9 % of its mass 

due to iron and 30.1 % of its mass due to oxygen? 

 

A. FeO    

B. Fe2O  

C. FeO2  

D. Fe3O2  

E. Fe2O3  

 
36. Which of the following is the correct solubility product constant expression for silver chromate? 

 

A. Ksp = [Ag+] x [CrO4
2−]  

B. Ksp = [Ag+]2 x [CrO4
2−]  

C. Ksp = 2 x [Ag+] x [CrO4
2−]  

D. Ksp = 4 x [Ag+] x [CrO4
2−]  

E. Ksp = [Ag+] x [CrO4
2−]2  
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37. Geologists find Pb-210 to be the most interesting of the lead isotopes because of its relatively long 

half-life of 22.3 years. What is the rate constant (k) for the first order decay of this isotope? 

 

A. 0.0311 yr–1  

B. 32.2 yr–1 

C. 15.5 yr–1 

D. 0.0647 yr–1 

E. 0.000967 yr–1 

 
38. Which type of atomic orbital has a shape resembling two dumbbells intersecting one another (or a 

4-leaf clover shape)? 

 

A. s   

B. p   

C. d   

D. f   

E. g  

 
39. Which of these substances has the highest standard reduction potential? 

 

A. Na+  

B. I2  

C. F2  

D. Ca2+  

E. Aℓ3+  

 
40. In a standard Galvanic electrochemical cell, what is the purpose of a salt bridge? 

 

A. It is needed to equalize charges in the two half reactions due to the movement of electrons. 

B. It adds free energy to the system that increases the rate at which electrons move between half-

cells. 

C. It is needed to make sure that the two half-cells have the proper electrical charges. 

D. It removes stray electrons from the system that might contribute to an electrical short circuit. 

E. It keeps both electrodes properly saturated with ions for the most efficient production of 

electrons. 
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