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1. Draw Lewis dot structures for the following molecules and include any formal charges
on the atoms. (20 pts)
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2. Draw the possible resonance structures for CIO3™ and include any formal charges on
the atoms. (10 pts)
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3. Using VSEPR theory, draw the correct molecular geometry for each of the following
molecules. (10 pts)
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4. Give the expected bond angles for the following molecules and predict what hybrid
orbitals are expected for each: (10 pts)
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5. Use the accompanying phase diagram for carbon to answer the following questions.
(20 pts)

Phase diagram for carbon dioxide
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a) Is it possible to form a liquid by compressing CO, at 50°C?

No, already past the critical temperature.
b) What phase is present at STP?

Gas
¢) What is the boiling point of CO; at 1 atm?

CO, sublimes at -78°C.
d) What is the highest temperature CO, will sublime?

-57°C (at 5.2 atm)
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6. If a molecule is considered “unstable” with a bond order equal to zero or less, then it is
assumed that the molecule does not exist. Using molecular orbital theory, clearly state if
the following molecules are expected to exist. Must include the correct bond order to
receive full credit: (20 pts)

{The filling order for the first 2 periods are as follows: 6156156256 2sT2pG2pT*205*2p}

a) Hy b) Ne; 1l oy
_ﬂ_ _N_TCZp*
1 o™ U A U
2p 1l o2 2p
AL 1l omep
1s 1 _1s l_o1s*
1l o 2s 1L 1L 2s
H H- O1
atom H, atom Ne Ne
molecule atom atom
Ne,
molecule
B.O.=%(2-1) =% B.O.=%(8-8) =0
exists does not exist
c) F° d) Liy>
_ GZIO*
1 mop
N B 1l o
2p 2p
_Tloyp 2s 1] 1l 2s
Li Li
Il 1l mop atom 1 , O atom
Li,~
1L o2 molecule
2s 1 1L 2s B.O.=%(2-2)=0
= F2* does not exist
atom 1l o2 atom
Fo
molecule
B.O.=%(8-3)=2.5
exists
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7. Which of the following molecules would have the highest vapor pressure and which
would have the lowest vapor pressure? (10 pts)

CH3CH,-O-CH,CHj5 HO-CH,CH,CH,-OH CH3CH,CH,CH,0OH
dipole-dipole H-bonding (x2) H-bonding

Highest VVapor Pressure Lowest VVapor Pressure

(lowest boiling point) (highest boiling point)

8. Draw C4H4 (Hint: cyclic) showing the hybrid orbitals of carbon involved in bonding.
Show all of the o bonds and = bonds. What is the hybridization of carbon in this
molecule? (10 pts)

7t bond

C D

o bond

Each carbon contains a p-orbital for n-bonding.
Each carbon is a sp? hybrid.

9. Extra Credit. Crystalline polonium has a simple cubic structure. The atomic radius of
polonium is 167 pm. Calculate the volume of this unit cell. (5 pts)

Volume=a’> 1pm=10"“m 1cm’=1mL
a=2r

V = (2r)°* = 8r® = 8(1.67 x 10%cm)*=3.73 x 10 mL
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