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Multiple Choice. [3 points each.] Record your answers to the multiple choice questions on the scantron sheet. 

Q1.       �e amount of heat required to raise the temperature of one gram of a substance by 1!C is the sample’s: 
 a) heat capacity  b) internal energy  c) enthalpy  d) speci�c heat 
 e) calorimetry  

Q2.      In the van der Waals equation, what does the term a account for? 
 a) �e polarity of the gas particles              b) �e kinetic energy of the gas particles 
 c) �e attractions between the gas particles d) �e size of the gas particles 
 e) �e di�usion of the gas particles 

Q3. �e overall reaction in a commercial heat pack can be represented as: 
  4Fe(s) + 3O2(g) !" 2Fe2O3(s) #Hºrxn = –1652 kJ/mol 
 How much heat is released when 6.000 mol of O2(g) is reacted? 
 
 a) 1652 kJ  b) 826.0 kJ  c) 3304 kJ  d) 9910 kJ  e) 275.3 kJ      

Q4.     Given the following thermochemical equation: 
  A(aq) + 2B(aq) !" C(g) + D(s)  ; #H!rxn = +12.0 kJ/mol  

            �en calculate #H!rxn for: 
  2C(g) + 2D(s) !" 2A(aq) + 4B(aq) 
 a) +24.0 kJ/mol b) –24.0 kJ/mol c) +6.0 kJ/mol  d) –6.0 kJ/mol 
 e) Not enough information to determine 

Q5.     Which substance(s) below does not have a heat of formation (#Hf!) equal to zero at 25!C and 1 atm? 
 a) N2(l)  b) Xe(g)  c) Na(s)  d) O2(g)  e) a and b 

Q6. �e set of quantum numbers that correctly describes an electron in a 3p orbital is: 
 a) n = 3; l = 0; ml = 0; ms = 0 
 b) n = 3; l = 2; ml = –2, –1, 0, +1, or +2; ms = +½ or –½ 
 c) n = 3; l = 1; ml = –1, 0, or +1; ms = +½ or –½ 
 d) n = 4; l = 0; ml = –1, 0, or +1; ms = +½ or –½ 
 e) none of the above 

Q7. “No two electrons in an atom can have the same four quantum numbers” is a statement called: 
 a) Pauli exclusion principle  b) Bohr’s equation  c) Hund’s rule 
 d) de Broglie’s relation  e) Dalton’s atomic theory 

Q8. Which of the following corresponds to the shape of a p-orbital? 

Q9. Which color of visible light has the highest energy per photon? 
 a) Red   b) Orange  c) Yellow  d) Green  e) Blue 

a) 

 

b) 

 

c) 

 

d) 

 

e) 

 



Q10. �e ground-state electron con�guration of 24Cr is: 
 a) [Ar]4s23d4  b) [Ar]4s24p6  c) [Ar]4s03d6  d) [V]3d1  e) [Ar]4s13d5 

Short Response. 
Show all work to receive credit. You must use the factor-label (conversion-factor) method for all conversions. Be sure to show 
all units and write your answers using the correct number of signi�cant �gures or decimal places. 

 

Q11. [10 pts.] a) Write the full electron con�guration for 22Ti. 

 

 

 

 
                       b) Draw out the full orbital diagram for 22Ti. 

 

 

 

 

 
                       c) Is 22Ti diamagnetic or paramagnetic? Explain your answer. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Q12. [10 pts.] Calculate the pressure of 23.4 g of nitrogen gas at a temperature of –68 !C and a volume of 0.310 L 
using the ideal gas equation, and the van der Waals equation. Note: see the table on the back of the exam 
for the van der Waals parameters. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Q13. [10 pts.] Consider the following reaction: 
 
                      2Ca(s) + O2(g) !" 2CaO(s)  #H!rxn = –1271.0 kJ/mol 
 
                      a) Is this reaction exothermic or endothermic? 
 
                      b) Calculate the amount of heat transferred when 2.4 g of Ca(s) reacts at constant pressure. 
 
 
 
 
 
                     c) How many grams of CaO are produced during an enthalpy change (qp) of –96 kJ? 
 
 
 
 
 
 
                   d) How much heat is absorbed when 7.50 g of CaO(s) is decomposed into Ca(s) and O2(g) at constant 
pressure? 
 
 
            



Q14. [10 pts.] According to Bohr’s theory of the atom, calculate the wavelength of light absorbed/emitted (state 
which) by the hydrogen atom in an electron transition from  

                         n = 3 to n = 1. What region of the EM spectrum does this wavelength correspond to? 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Q15. [10 pts.] �e speci�c heat of the organic solvent toluene, C7H8, is 1.13 J/g!"C. How much heat is needed to raise 
the temperature of 0.155 kg of toluene from 22.8!C (room temperature) to its boiling point, 111.0!C? 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 

 
 
 
 
Q16. [10 pts.] Calculate #H!rxn for: 

 
 C(graphite) + 2H2(g) + ½ O2(g) !" CH3OH(l) 
 
using the following information 
 
          C(graphite) + O2(g) !" CO2(g)   #H! = –393.5 kJ/mol 
          H2(g) + ½ O2(g) !" H2O(l)   #H! = –285.8 kJ/mol 
                   CH3OH(l) + 3/2 O2(g) !" CO2(g) + 2H2O(l) #H! = –726.4 kJ/mol 
 
 
 
 
 
 
 
 
 



Q17. [10 pts.] Fill in the blanks: 

 

Electrons in atoms are described using four quantum numbers. �e principal quantum number, n, 

determines the __________ of the orbital. �e angular momentum quantum number, l, which takes 

values from _____ to _____, determines the ______________ of the orbital. �e third quantum 

number, ml, which is called the _____________ quantum number, determines the _____________ of 

the orbital. �e �nal quantum number, ms which can only take one of two values, is called the 

_______________ quantum number. 

�e symbol for the wavefunction, or orbital, is given by the Greek letter psi, which is written: ______. 

�e wavefunction comes from solving the _______________ equation—one of the fundamental 

equations in quantum mechanics. 

 

BONUS: A 60.0 g sample of an alloy was heated to 96.0 !C and then dropped into a beaker containing 87.0 g of 
water at a temperature of 24.10 !C. �e temperature of the water rose to a �nal value of 27.63 !C. �e 
speci�c heat of water is 4.184 J/g·!C. What is the speci�c heat of the alloy? 
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