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Chem 1141 
Fall 2014 
Exam 4A 

Name:     
Please write your full name, and which exam version (4A) you have on the scantron sheet. 

PPlleeaassee  !!   cchheecckk  tthhee  bbooxx  nneexxtt  ttoo  yyoouurr  ccoorrrreecctt  sseecctt iioonn  nnuummbbeerr.. 
Section #:  ! 1. (Tuesday Lab, 4 – 6:50 pm)  ! 2. (Thursday Lab, 4 – 6:50 pm) 
   ! 3. (Monday Lab, 11 – 1:50 pm)  ! 4. (Wednesday Lab, 11 – 1:50 pm) 
   ! 5. (Wednesday Lab, 2 – 4:50 pm) 
 Multiple Choice:  ___________________ /30 

 Q11:  ___________________ /10 

 Q12:  ___________________ /10 

 Q13:  ___________________ /10 

 Q14:  ___________________ /10 

 Q15:  ___________________ /10 

 Q16:  ___________________ /10 

 Q17:  ___________________ /10 

 BONUS:  ____________________ /3 

 TOTAL:  __________________ /100 
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Multiple Choice. [3 points each.] Record your answers to the multiple choice questions on the scantron sheet. 
Choose the best response. 

Q1. Who is generally credited with creating the first periodic table? 
 a) Pauli   b) Schrödinger  c) Mendeleev  d) Auf Bau  e) Lewis 

Q2. The chemical equation corresponding to the electron affinity of sodium is: 
a)    Na(s) !" Na(s) + e–   b)            Na(g) !" Na+(g) + e– 
c)    Na(l) !" Na–(g) + e–   d)   Na(g) + e– !" Na–(g) 
e)  Na–(g) !" Na(g) + e– 

Q3. The molecular geometry about the oxygen atom in the following Lewis structure is predicted by VSEPR to be: 

   
 a) linear  b) trigonal planar c) bent   d) see-saw  e) tetrahedral 

Q4. What type of hybrid orbital is required for the carbon atom in the following Lewis structure? 

  
a) sp   b) sp2   c) sp3   d) sp3d   e) sp3d2 

Q5. Which of the following bonds is non-polar covalent? 
a) F—F   b) H—Cl  c) Li—Br  d) Se—Br  e) Na—Cl 

Q6. Which of these compounds does not follow the octet rule? 
a) NF3   b) CF4   c) AsBr3  d) PF5   e) Cl2 

Q7. The H—N—H bond angle in NH3 is: 
a) 180º   b) 120º   c) slightly more than 120º 
d) 109.5º  e) slightly less than 109.5º 

Q8. One possible Lewis structure for the thiocyanate ion, SCN– is: 

  
The formal charge on the nitrogen atom is: 
a) 2–   b) 1–   c) 0   d) 1+   e) 2+ 
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Q9. The number of pi bonds in the molecule below is: 

  
a) 2   b) 4   c) 6   d) 10   e) 15 

Q10. Which of the following has the largest atomic radius? 
a) F   b) N   c) O   d) S   e) P 

Short Response. 
Show all work to receive credit. Be sure to write complete sentences in your explanations! 
Q11. [10 pts.] Acrylonitrile is used as the starting material for manufacturing acrylic fibers. Its Lewis structure is: 

 
a) How many sigma and pi bonds are there in this molecule? _____ #, _____ π 
 
b) For the bond indicated above, list the types of atomic or hybrid orbitals that are  overlapping to form  
 
the bond: ________ (left carbon atom) and ________ (right carbon atom). 
 
c) The bond indicated in part (b) is an example of a sigma or a pi bond?   __________ (state which) 
 
d) What is the orbital hybridization of the far left carbon atom?  __________ 
 
e) Draw the orbital diagram for the carbon atom in part (d). 
 
 
 
 

a)  
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Q12. [10 pts.] a) Rank the following bonds in order of increasing bond length: 
 
 C N,  C N,  C N    _______ < _______ < _______ 
 
b) Draw the Lewis dot structure for a nitrogen atom:   
 
 
c) What angle do sp hybrid orbitals make with one another?  ______ 
 
d) What is the tetrahedral bond angle?     ______ 
 

Q13. [10 pts.] Determine the formal charge for each atom in the following three resonance structures for the [OCN]—— 
anion. Explain which one of these resonance structures is the most favored. 
 
          Structure 1     Structure 2    Structure 3 
 

 
 
 
 
 
 
 
 
 Formal Charges: Formal Charges: Formal Charges: 
 
O  ____ O ____ O ____ 
 
C  ____ C ____ C ____ 
 
N  ____ N ____ N ____ 
 
 
 
Most favored structure: ______ 
 
Explanation: 
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Q14. [10 pts.] Predict the molecular geometry and polarity of SF4. Your answer should include: 
 " A valid Lewis structure " A sketch of the geometry using line/dash/wedge notation 
 " The value of the bond angle(s) written out 
 " A clear explanation of why SF4 is polar or non-polar 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Q15. [10 pts.] Answer two of the following. Clearly indicate which two you want graded! 
a) What is meant by the term: effective nuclear charge, Zeff? 
     Explain the trend in Zeff moving across the rows of the periodic table. 
b) What is ionization energy? 
     Explain the trend in ionization energy moving across the rows of the periodic table. 
c) How does the size of an ion (cation/anion) compare to the size of the neutral atom from which it is 
     formed? Explain your answer. 
d) Write out the ground-state electron configuration for a copper(I) ion. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a) Effective nuclear charge is the "effective" charge experienced by the valence electrons. It is equal to the actual nuclear charge, minus a shielding constant that is 
approximately equal to the number of core electrons. As we move across most periods, the number of protons in the nucleus increases, but the number of core 
electrons stays the same. Therefore the effective nuclear charge increases across periods. This leads to a decrease in the size of the atoms as the valence 
electrons experience an increasing effective nuclear charge. 
 
b) Ionization energy (IE) is the amount of energy required to remove one mole of electrons from one mole of a gaseous substance. X(g) → X˖(g) + e˗ 
 IE increases as we move across the periods, due to the increase in effective nuclear charge. 
 
(c) Cations are smaller than the atom they are formed from, due to the removal of one of more electrons, and the increased attraction between the remaining 
electrons and the nucleus. Anions are larger for the reason that they contain one or more electrons than the original atom, and the increased electron-electron 
repulsion causes the atom to swell in size. 
 
(d) Cu atom electron configuration is [Ar] 4s¹3d¹⁰ (Auf Bau exception, due to opportunity to completely fill d-subshell), and when we remove an electron to form 
the Cu(I) ion, it comes out of the subshell with the largest principal quantum number (shell, n) - so Cu˖ is [Ar] 3d¹⁰
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Q16. [10 pts.] Draw Lewis structures for the following compounds: 
a) BrO3

– 
 
 
 
 
 
 
 
 
 
 
b) SOCl2 (sulfur is central atom) 
 
 
 
 
 
 
 
 
 
 
c) NO2

++  
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Q17. [10 pts.] Use bond energies to estimate ΔHºrxn for the combustion of two moles of acetylene: 
 
 2C2H2(g) + 5O2(g) !" 4CO2(g) + 2H2O(g) 
 
Hint: Drawing the Lewis structures for each will help determine what types of bond are 
formed/broken. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

BONUS: Is FBH2 (boron is the central atom) polar or non-polar? Explain. 
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Bond Bond Enthalpy (kJ/mol) Bond Bond Enthalpy (kJ/mol) 
H H 436.4 C C 347 
H O 460 C C 620 
C O 351 C C 812 
C O 745 (average) O O 142 
C O 799 (in CO2) O O 498.7 
C H 414   

 


