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Carefully read all the problems (your exam should have 12 problems) 

Show all your work on numerical problems 

Clearly mark your answers 

If you think a problem cannot be worked out with the information provided 
write "this problem can not be worked with the information providedll 

Problems may contain extraneous information 
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1. True/False (6 points each, 30 total) Circle the best answer 
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The second ionization energy of Ca is lower than the first. \E... '> \E"l ?\""'~s 

In the Rutherford back scattering experiment, back scattered alpha particles were 
very rarely observed. 

Electron affinity always increases left to right on the periodic table. .",...0 {1::''\\1 

CCI4 has a small but finite dipole moment. c...~""\v\'! "'t>V\~ f"\""""­

The effective nuclear charge felt by the electron in Li2
+ is slightly less than 3. 
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Multiple choice (10 points each, 30 total) For each question give the "best choice" in the space 
provided 

2. In the Milliken oil drop experiment, Milliken was able to determine the charge on the electron 
because 

A. every oil drop in the experiment had one electron 
B. every oil drop had an integer number of electrons 
C. every oil drop had the same charge 
D. every oil drop was the same size 
E. Mi1lken's experiment determined the mass to charge ratio of the electron, not the charge 

3. Below are two equivalent resonance structures for ozone, 0 3 

:0-0=0: ~ :0=0-0: 

Which of the following would you expect for molecular ozone? 

A. it has one 0-0 bond that is shorter than the other. 
B. it has one 0-0 bond that alternates between being shorter and longer than the other. 
C. it has two 0-0 bonds that are identical. 
D. the partial charge on the oxygen atoms on each end of the molecule are different. 
E. both b & d 

4. Below is a graph of the ionization energies for a particular element. 

Based on the trend in the ionization energies the element is 
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5 The density of solid sodium is approximately 0.97 g cm-3
• Use this to estimate the radius of a 

single sodium atom (this will obviously be approximate).(lO points) 

\ 

Taking that same radius and the fact that the first ionization energy of Na is 496 kJ mo]-I , 
estimate the effective nuclear charge felt by the outermost valence electron in Na. (10 points) 
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What does this say about "electron shielding" in Na? (5 points) 
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6. Methanol CH30H is like water with a CH3- group (methyl) in place of one hydrogen. Given 
the following electronegativities (H = 2.1, C= 2.5,0 = 3.5). Which do you think will have a 
larger dipole moment, water or methanol? Why? (10 points) 
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7. 

Formic acid H2C02 is an organic acid with a central carbon atom bonded to two oxygens and 

hydrogen. The other hydrogen is bonded to one of the oxygens. (20 points) 

Draw all possible resonance structures for formic acid that satisfy the octet rule. 

Are these structures equivalent? 

If not, why is one a better structure than the other? 
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8. 	 What is the bond angle of the cyanate ion, OCN-? (If it is not exact, state that it is less than 
or greater than a particular angle). (15 points) 
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9. What is the bond angle in BH2-?(lf it is not exact, state that it is less than or greater than a 

particular angle). (15 points) 

_\ SN ~S 
, . 	 :r}.~\ \ i..O" 

\Sftv\\­13 
/ 

H 
"-

\-\ 1\.70V'\ \LO·G~ 	 \ 

10. What is the geometry of the SFs ion? (15 points) 
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12. 	 Below are two structural isomers (same atoms different bonding) of CH2N2• Based on the 
geometries explain which you think would be the most stable of the two. (15 points) .... ..... 
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diazomethane 	 diazirine 
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13. 

You have the following information about the molecule HBr 


Element Ionization Energy (kJ mol-I) Electron Affinity (325 kJ mol-I) 
H 1310 73 
Br 1140 325 

The bond length in HBr is 1.424 A 

Assuming that HBr was a purely ionic compound what would you expect the dissociation energy 
to be in kJ mo)"!? (you can ignore the small contribution to the potential energy from the 
repulsion) (l0 points) 

~E,.. ~ \E.. • EI\"< " \'SIb() - ~'2S ~'1 ~ 1..~ ""~... 
- Lf)t.'(.."L ~A. a I K "'"' 

~e",.\....\ :>. ~If I:.,~ 10"" - I"":}S ,..<>1I'-U 

e,E1'" - hl>6' 9":fS") ~ -10 "-'S ,..,.:r' .. ~\ ~r"~LE 1. 

The actual dissociation energy of HBr is 363 kJ mo)"1 . 

What does this say about the bonding in HBr? (is it purely ionic, mostly covalent, SO/50 

ionic/covalent,....) (5 points) 
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The dipole moment of HBr is 0.828 D. From this estimate the partial charges on each atom. '----- ­
Does this make sense given your answer to the previous part of the problem? (does it seem too 
small, too big, about right, ... ) (10 points) 
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