
Practice Exam	  2 Key – Fall 2014
Second	  Hour	  Exam 5.111
_________________________________________________________________________________________________________________
Write your name and your TA's name below. Do not open the exam until the start of the exam
is	  announced. The exam	  is closed notes and closed book.
1. Read each part of each problem	  carefully and thoroughly.
2. Read all parts of each problem. MANY OF THE LATTER PARTS OF A PROBLEM CAN BE SOLVED
WITHOUT HAVING SOLVED EARLIER PARTS. However, if you need a numerical result that you
were not successful in obtaining for the computation of a latter part, make a physically reasonable
approximation for that quantity (and indicate it as such) and use it to solve the latter parts.
3. A problem	  that requests you to “calculate” implies that several calculational steps may be
necessary for the problem’s solution. You must show these steps clearly and indicate all values,
including physical constants used to obtain your quantitative result. Significant figure usage must	  
be correct.	  
4. If you don’t understand what the problem	  is requesting, raise your hand and a proctor will
come to your desk.
5. Physical constants, formulas and a periodic table are given on the last page. You may detach
this page once the exam	  has	  started.
_________________________________________________________________________________________________________________

1. Lewis	  structures	  / VSEPR 1a,	  1b (12 points)	  page 2 _____________

1c, 1d (18 points)	  page 3 _____________

2. Ionic bonds 2a,	  2b (15 points)	  page 4 _____________

3. Hybridization 3a,	  3b,	  4a (26 points)	  page 5 _____________

4. Molecular orbitals 4b (15 points)	  page 6 _____________

5. Periodic Trends 5a,	  5b (12 points)	  page 7 _____________

Total (100 points) _________________

Name ANSWER KEY

TA ___________________________________
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1. (30 points)	  Lewis	  structures	  and VSEPR theory	  
(a) For the	  molecule N2O, consider four possible	  structures	  below:

-1 +1 
aN N O 
+1 -1 -1 +2 -1 +2 -2

N N O N O N N O N 

(Note:	  negative charge on the more electronegataive atom)

(i) (3 points) Given the information from	  experiment that N2O is a polar molecule, circle	  
the most accurate statement below. Briefly	  explain your reasoning.

The atom	  arrangement is NNO.

The atom	  arrangement is NON.

More information is needed to determine the atom	  arrangement.

Explain: NON is symmetric and therefore not a polar molecule.

(ii) (5 points)	  On all of the	  four structures	  above, indicate any nonzero formal charges.
Based on formal charge alone, box the structure that you predict to be most stable.

(b) (i) (4 points) Complete themost stable Lewis	  structure	  fo [PO4H]2-‐ (atom	  connectivity
indicated	  below)	  by filling	  in lone pairs	  and/or multiple bonds on the	  structure	  drawn.	  Indicate	  
any nonzero formal changes. You do NOT need to draw resonance forms, if any.

2-O 

P 
O  

O H 

32 valence electrons (including the 2-‐ charge)
42 – 32 = 10 bonding electrons (5 bonds)
32 – 10 22 lone pair electrons (11 lone pairs)

Note that to minimize FC, you must expand the
P octet, which results in 6 bonds and 10 lone
pairs.

(Note:	  double bond could be to any of the terminal oxygens)

(ii) (2 points) What is the steric number of phosphorus (P) in this molecule? SN = 4 (4	  oxygens	  
bonded to P and no lone pairs) 
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(c)	  (i) (6 points)	  Draw the	  most stable	  Lewis	  structure	  of (C2H3O2)1-‐ and indicate	  any non-‐
zero formal charges. There are	  no oxygen-‐oxygen	  bonds in this	  structure,	  and	  there	  is a single
methyl (CH3) group. Include	  lone	  pairs, and if applicable, draw	  any resonance forms that	  are
equal in energy.

24 valence	  electrons (including	  the	  1-‐ charge)
38 – 24 = 14 bonding	  electrons (7 bonds)
24 – 14 = 10 lone pair electrons (5 lone pairs)

H O 

H Ca Cb 

OH 

(ii) (4 points)	  Describe	  the	  geometry around each of the two carbon atoms in your structure
above.	  For	  clarity,	  label your carbons	  “Ca” and “Cb” in	  your structure.

H O 

H C C 

OH 

Ca is	  tetrahedral
Cb is	  trigonal planar

(d) Consider	  the	  Lewis	  structure below in which	  unspecified element A is bound to three Cl atoms.

Cl A Cl 

Cl 

(i) (2 points)	   Write the SN number
4

(ii) (2 points) Give the geometry of the molecule
trigonal pyramidal (not trig. pyr.)

(iii) (2 points)	  Circle	  the	  one value	  that best describes	  the	  Cl-‐A-‐Cl bond angle.	  

< 90°;	   90°; > 90°; 109.5°;	   > 109.5°;	   < 120°; 120°;	   > 120°

(iv) (2 points)	   Circle	  any

< 109.5°;	  

nitrogen	  (N);(C);

element(s) that could be “A” in the	  structure	  

arsenic (As)(I);	  

above.

boron	  (B); carbon	   sulfur	  (S);	  iodine
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2. (15 points)	  Ionic	  bonds

element ionization energy electron	  affinity
Potassium	  (K) 418 kJ/mol 48 kJ/mol
Fluorine	  (F) 1680 kJ/mol 328 kJ/mol
Chlorine(Cl) 1255 kJ/mol 349 kJ/mol

(a) (12 points)	  The ionic bond	  length for KF is 0.217 nm. Calculate the energy (in units	  of kJ/mol
required	  to	  dissociate	  a single molecule of KF into the neutral atoms K and F, using information
provided above. For this calculation, assume that the potassium and fluorine ions are point	  
charges.
First calculate	  the	  ΔE for dissociation	  into ions: (-‐U(r))

KF→ K+ + F-‐

U(r)	  = z1z2e2 = (-‐1)	  (1) (1.602 x 10-‐19 C)2
10-‐12	 10-‐94πεor 4π (8.854 x C2J-‐1m-‐1)(0.217 x m)

U(r) = -‐1.063 x 10-‐18 J
-‐U(r)	   = 1.063 x 10-‐18 J

Next,	  convert -‐U(r ) to kJ/mol.
(1.063 x 10-‐18 J) x (kJ/1000	  J) x (6.022	  x 1023/mol) = 640.2 kJ/mol

ΔEtotal = -‐IEK + EAF -‐ U(r)

K+ + e-‐→ K ≡ -‐IEK -‐ 418 kJ/mol

e-‐F-‐→ + F ≡ EAF + 328 kJ/mol

KF	  → K+ + F-‐≡ -‐U(r) + 640.2 kJ/mol

+550.2 kJ/mol

550. kJ/mol

(b) (3 points) The ionic bond	  length	  for KCl	  is 0.267 nm. Without	  doing	  any calculations,	  predict	  
whether the energy required to dissociate a single molecule of KCl into	  charged atoms	  K+ and	  Cl-‐
is more or less than the energy required to dissociate a single molecule of KF into charged atoms	  
K+ and	  F-‐. Briefly	  explain	  your answer.

Energy	  to dissociate	  KCl	  into ions is less.	  There	  is an inverse	  relationship	  between U(r)	  and r.	  With	  
a longer bond, U(r ) is smaller.
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3. (16 points)	  Hybridization and Hydrogen Bonding
(a) (10 points)	  The structure	  of the neurotransmitter dopamine is shown.	  For
A-‐C, write the symmetry of each bond, and give the hybrid or atomic orbitals (with their principal
quantum	  numbers) that overlap to form	  each of the bonds. Where appropriate, include the x, y, or
z designations with the orbitals.

H H HH HO-‐H bond A: σ (O2sp3, H1s)

O

O 
A

NCC B C
C C C H

C-‐C	  bond	  B: σ (C2sp2, C2sp3)
HHC D C

C HC-‐N bond C: σ (C2sp3, N2sp3)

H H

C=C	  bond	  D: σ (C2sp2, C2sp2)
π (C2py, C2py) or π (C2px, C2px)

(b) (6 points)	  Circle	  all of the central atoms with bond angles <109.5˚

_________________________________________________________________________________________________________________
4. (23 points)	  Molecular	  orbital theory
(a) (i) (4 points)	  Write the valence electron configuration for the molecule N2.

(σ2s)2(σ2s*)2(π2px)2(π2py)2(σ2pz)2

or (σ2s)2(σ2s*)2(π2py)2(π2px)2(σ2pz)2

(ii) (3 points)	  Calculate	  the	  bond	  order for N2.

BO = ½(#	  of bonding electrons	  -‐ # of anti-‐bonding	  electrons)
BO = ½(8 – 2) = 3

(iii) (3 points) Which molecule would you expect to have a shorter NN bond,	  N2 or H-‐N=N-‐H?
Briefly	  justify	  your answer.

N2 should	  have	  the	  shorter	  NN bond,	  since triple	  bonds	  are	  stronger	  than	  double	  bonds.
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(b) (i) (7 points) Draw an energy correlation diagram	  for the molecular orbitals of the valence
electrons in F2. Label the atomic and molecular orbitals, including the x, y and z designations
where appropriate.	  Use the full	  space available to spread out	  your energy levels so that the	  labels	  
for the	  orbitals	  fit easily.	  

σ2p* 

π2py* π2px* 

2px 2py 2pz 2px 2py 2pz

π2py π2px 

σ2p

σ2s* 

2s2s

fluorine (F) 
σ2s 

fluorine (F) 

(ii) (2 points)	  What is the	  bond	  order for F2?

B.O. = ½ (8-‐6) = 1

(ii) (6 points)	  Arrange the following from	  lowest to highest ionization energy: F, F2 and F21-‐.
Briefly	  justify	  your answer.

lowest IE ________ F21-‐, F2, F________ highest IE

Based on the MO diagram	  above, F2-‐1 has	  its	  highest energy electron	  in the	  highest energy orbital,	  
so it will require the least ionization energy to remove an electron. In contrast, F has its highest
energy electrons	  in the	  lowest energy orbital of the	  choices listed.	  
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5. (12 points)	  Periodic trends

(a) (6 points)	  Consider the	  second ionization	  energies (IE2) for the	  following	  3rd row elements: Si,
S, Mg, Al.

(i) Which	  has	  the	  highest IE2? S

(ii) Which	  has	  the	  third	  highest IE2? Si

(b) (3 points)	  Rank the following from	  smallest to largest radius:	  Mg2+, Ca, Ca2+

smallest… Mg2+, Ca2+, Ca….largest

(c) (3 points)	   Very briefly	   explain	  WHY atomic radius decreases as you	   go across a row	   in	   the
periodic	  table.

Zeff increases	  as	  Z increases	  within	  the	  same shell. As Z effective increases, the electrons are held
closer to the nucleus and the atomic radius decreases.
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e = 1.60218 x 10-‐19 C

U(r) = (z1z2e2)/(4πε0r)

ε0=8.8542	  x 10-‐12 C2/(Jm)

Electronegativity =
(IE + EA)/2

Δ = Δ -‐ TΔS
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c	  =	  2.99792	  x	  108	  m/s	  
	  

h	  =	  6.62608	  x	  10-‐34	  J	  s	  	  
	  

Na	  =	  6.02214	  X	  1023	  mol-‐1	  
	  

1	  eV	  =	  1.60218	  x	  10-‐19	  J	  
	  

me	  =	  9.10939	  x	  10-‐31	  kg	  

G	   	   H	  
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