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A. Multiple choice (7 points)
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C. Electron diffraction (8 points)
D. Particle-in-a-box (6 points)
E. Atomic orbitals (6 points)
F. Ionic bonding ( 6 points)
G. Covalent bonding (10 points)

Total Points: 50 points+ 2 bonus 

TA: 

Instructions: Closed book exam. Basic scientific calculators are OK. Set brains in high gear and go! 
It is usually a good idea to do the questions you find easy first. tN-

Some possibly useful facts and figures: 
R = 8.3145 J moi-1 K-1 molar volume at STP = 22.4 L 
h = 6.6261x 10-34 J s Ii= h/2n 
c = 2.9979 x 108 m s·1 1 eV = 1.60 x 10-19

me
= 9.1094 x 10-31 kg mn = 1.6726 x 10-27 kg 

No = 6.0221 x 1023 moi- 1 

Some possibly relevant equations: 

Planck relation: E = hn 
de Broglie relation: 
wave equation: 
uncertainty principle 

particle-in-a-box 

hydrogen atom 

linear momentum 

kinetic energy 
photoelectric effect 

p = hi I 

C = n I 

R
¥ 

= 2.18 , 10· 18 J

p=mv 

T = .lmv2

2 

Ekin (e-) = hv - <l> = hv - hvo 
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Multiple choice (7 points): there may be one or more correct solutions, so circle all that apply

1. Which of the following pairs of molecules have the same empirical formula?
@acetylene (C2H2), benzene (C6H6) ✓ @nitrogen dioxide (N02), dinitrogen tetroxide (N204) ✓ 

(c) ethane (C2H6), butane (C4H10) 'j- (d) diphenyl ether (C12H100), phenol (C6HsOH) Y..
 _.=,2. Which of the following set of quantum numbers are�llowed i the hydrogen a

(a) n=3, 1=2, m1= (b) n=O, l=O, m1=0
@n=4, 1=3, m1= @n=2, 1=-1, m1=

.,.,?I 3. An electron's wave-particle duality is captured by 
@the Schrodinger equation, H\Vn(x) = En'Vn(x)✓ @Heisenberg uncertainty, (�p)(�x) � h/41t ✓ 
(c) the wave equation, V = AV (@) the De Broglie relation, p = h/"A. ✓ 

4. In a photoelectric effect experiment, green light is observed to lead to electron emissio from a metal
surface. Which other colors should lead to electron emission?
(a) red

@'lue

5. The Bohr model is valid for which atoms?
(a) H2 j-
(c) Be2+ )(

(b) purple
( d) none of the above

A 6. An atomic orbital of the hydrogen atom
@.) has (n-1) total nodes ✓ @determines the energy of the electron ✓

( c) has l angular nodes '/-- -" 0 '-\' 2-.-, ( d) when squared gives the probability density 'j.. 

7. Some plant fertilizer compounds are (NH4)2S04, Ca3(PQ4)2, KiO, P20s, and KCl. Which pairs
contains molecules that both have a mixture of ionic and covalent bonds?
(a) (NH4)2S04 and KCl 'f.-

@) (NH4)2S04 and Ca3(P04)2 / 
(b) K20 and P20s X.
( d) P20s and KCl -/.-

--------------------------------------------------Work Space------------------------------------------------------------
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B. (9 points) Stoichiometry and DDT

DDT is an insecticide that has been proven to be harmful to fish, birds and humans. It is produced by the 
following reaction 

C6HsCl (chlorobenzene) + C2HOCh (chloral)-----> C14H9Cls (DDT)+ H2O. 

(a)(2 oints) Write a balanced e uation for this reaction. 

(b) (2 points) A sample of 1142 g of chlorobenzene is available. How many moles are in this sample?
Provide the correct number of significant figures for full credit. 'E:;\

( c )(2 points) The chlorobenzene sample from ( a) is reacted with 6.000 moles of chloral. Which reagent is 
is limiting and which rea ent is in excess? 

(d)(3 points) What mass of excess reactant is left over if the reaction goes to completion? Both show 
your work, and record your final answer in the lower right. 

grams 
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C. (8 points) Electron diffraction and wave-particle duality. A beam of electrons can exhibit
diffraction from an ordered metal surface under some conditions, something which not be expected to
happen according to classical physics.

(a) (2 poi�ts) �at is the magn�tude of the momentum for an electro�beam with �etic energy of 49
e V? Give units for full credit. ¥-E ::: �\J '2- = = 

(b) (2 points) Suppose an electron beam with momentum 3.0x10-24 kg m s-1 causes diffraction on a
metal surface. What de Bro lie wavelen h do the electrons have? Give units for full credit.

(c) (2 points) Would a beam of neutrons (mass mn) require different energy to exhibit diffraction?
Ex lain why or why not.

--------------------------------------------------Work Space-----------------------------------------------------------



D. (6 points) Wavefunctions and nod�s of the particle in a box. An electron is trapped in a�g
potential (like the particle in a box) which restricts its position in one dimension to a length o�

  = (a)(2 points) The electron is descn15Jd By� J:/a�e ' c 10n that has th  x is the electron
position (in A). Make a sketch of how this wavefunction de ends on x from Oto 3.14 A. 

(b)( l point) How many nodes do you observe in your wavefunction, and what quantum number does this 
correspond to? 
Number of nodes? Quantum number? 

(c) (1.5 points) Would you expect that another particle in a box wavefunction of the form sin(4x wo
have a lower or hi er ener than our wavefunction in (a). Give a reason �, � �

(d)( l.5 points) If the box size were halved to 1.57 A, which of sin(3x) and sin( 4x) would remain an 
allowed wavefunction? Give a brief reason. 

--------------------------------------------------Work Space-----------------------------------------------------------
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E. (6 points) Atomic orbitals and their energy levels.

(a)(2 p . ) W ·t th omts ne 

Li: �"2-.2.S

egroun 

Ne: 

d t t 1 tr s a e e ec on co nfi f1gura IOnS 0 e o owmga o fth fi 11 t ms and ions. 

F: 

Cr: 

(b) (2 points) Electron attacrukn��he process of adding an electron to an atom or a molecule. Does
this rocess release heat or not for the F atom? Give a reason for your answer. 

(c) (2 points) (2 points) Does electron attachment release heat or not for the C atom? Give a reason for
our answer. 

<

--------------------------------------------------Work Space-----------------------------------------------------------
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F. (6 points) Ionic bonding

( ) (1 5 . ) ff h a . pomts IVe t e expecte 
Cl 

d h f h . c arge o t e tons o 
Al 

f h fhfill eac o t e o owmg atoms. 
s 

(b) (1 point) Predict the empirical formula of the ionic compound formed between aluminum and sulfur.

( c) (2 points) Suggest two factors that are important in comparing the lattice energy of LiF relative to the 
lattice energy of MgO (recall that the lattice energy is the difference between the ionic solid and the 
isolated gas phase ions). J; 
1. 2-

(d) (1.5 points) Explain why you expect the lattice energy of LiF to be either smaller or bigger in
magnitude than the lattice energ ofM 0, based on the factors you identified above. 

 
--------------------------------------------------Work Space-----------------------------------------------------------
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G. (10 points) Covalent bonding and Lewis structures.

lone pairs, unpaired electrons, 

.  . (b )(2 pomts) The c m water softeners, and has 3 0 atoms coordmated to the central
C atom. Draw Lewis structures for this ion including all relevant resonance forms and showing any 
lone airs and formal char es. 

(c) (1 point) What is the bond order of the CO bond in the coi- ion?

( d)(2 points) The oms coordinated to the central S atom. Draw Lewis structures for 
� this ion including all relevant resonance forms and showin any lone airs and formal charges.

� ( e) ( 1 point) Does each O atom satisfy the octet rule in your Lewis structures? If not, how many electrons 
do O have a share in? Then repeat for the S atom. 

0: S: 

8 

O3
2- ion is often used 

SO4
2- ion has 4 O at




