Chemistry 107 

Name                            
Sample Exam  

S.F. Sontum

September 24,  2003
  Honor Code Please:

"An inquiry into the relative weights of the ultimate particle is, as far as I know, entirely new.  I have lately been prosecuting this inquiry with remarkable success...I should apprehend there are a considerable number of what many properly be called elementary particles, which can never be metamorphosed one into another"








John Dalton's Laboratory Notebook 

I hope, like John Dalton, that you have remarkable success on this exam.   Like a good laboratory note book, please clearly indicate how you arrived at your solution so I can give you partial credit on the short answer section

Formulas

Thermal modtion
P = m v

KE =  EQ \f(1,2)  m v2 =  EQ \f(p2,2m)
 EQ \f(n1,n2)   = e-∆E/RT
Quantum Mechanics
c = 
Ephoton = h 

 h/p = h/mv
∆E = h 
En = -Ryd  EQ \f(Zeff2,n2)    ;  rn = ao  EQ \f(n2,Zeff) 
Zeff = Z - 
 EQ \f(1,l)   =  EQ \f(Ryd,hc) \b(\f(1,ni2) - \f(1,nf2)) 
KE = h  - Bind Energy = h h o

L = m v r = n  eq \o(h,⁄ )
Sz = ms  eq \o(h,⁄ )
V =  EQ \f(1,4peo)    EQ \f(q+ q-,r+-) 
Constants

1 atm 
= 1.01325 bar = 760 torr

R
= 8.314 J/K mole

= 0.08206 l atm/K mole
1 amu
= 1.661 x 10-24 g

Na
= 6.022 x 1023 things/mole

h
= 6.63 x 10-34 J. sec

c
= 3.0 x 108 m sec-1

Ryd
= 2.18 x 10-18 J = 1315 kJ/mole

Ryd/hc = 109737 cm-1 
ao 
= 0.529  Å

e
= 1.602 x 10-19 Coul

me 
= 9.11 x 10-31 kg

Å
= 10-10 m

 EQ \f(1,4peo) 
= 8.988 x 109 J m/Coul2


= 1389 (kJ/mole) Å/e2
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I.
First Exam Section:  40 points

1.(3)
The S. I. unit for density is Kg m-3.  A smaller non S. I. unit is the g cm-3.
One Kg m-3 is  equal to

a) 103  g cm-3
b) 106  g cm-3

c) 10-3 g cm-3
d) 10-6 g cm-3

e) none of the above


3.(3)
How many significant figures should be used to specify the result of 
(c –a)/c = 1 – a/c   where c = 8.0 and a = 0.0008 ?

a)
1 S.F.


b)
2 S.F.

c)
3 S.F.


d)
4 S.F.


e) 5 S.F.


4.(3)
The systematic name for Fe(NO3)2(s) is                              

5.(6).
Using appropriate ionic and molecular formulas, give the balanced net ionic equations for the reaction which occurs when:  


c)  Potassium metal is added to excess water?








6.(3)
Which of the following ionic solids would have the highest melting point because it has the highest lattice energy?

Na2O

BaO

Al2O3

PbO


7.(3)
Which of the following compounds is diamagnetic?

a)  NO


b)  O2

c)  CN-


d)  OH


8.(3)
The electron configuration for Fe2+ (include all electrons) is 

                                                .



9.(3)
Circle the structures below which are resonance structures of each other.





 EMBED Word.Picture.8  




10.(3)
The electronegativity of hydrogen is most nearly equal to that of

Li


O

F

P

Cl



II. Second Exam Section  60 pts

1. (12)
Ionization potentials are experimentally measured by determining the series limit of atomic emission spectra.  For example the Lyman series limit of 91.12 nm of the hydrogen atom gives its ionization potential to be 1312 kJ/mole.  The atomic emission spectrum associated with the ground state of atomic sodium is given on the following spectrum
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   241 nm  314 nm         322 nm              377 nm


                   552 nm


a)
What principal quantum numbers ninitral and nfinal are associated with the series 
limit transition that determines the ionization potential of Na?



ninitral 
__________________

nfinal 
__________________

b)
What is the wavelength of light associated with the series limit of Na 



c)
What is the first ionization potential, Na →Na+ + e- , of sodium in kJ/mole?










2.(12)
Consider formic acid with skeleton H EQ \o(C,O) OH

a. Draw a formally neutral Lewis structure for formic acid









b. What is the O-C-O  bond angle            

c. What is the hybridization of C            

d. How may π bonds does formic acid have             

e. In you Lewis structure put a box around the acidic proton?  Why is this proton acidic?

7.(16)
Nitrogen pentoxide a component of smog can be formed by the following reaction:

2 N2(g)  + 5 O2(g) →2 N2O5 (g)
Consider this reaction  at contant temperature in a closed vessel of fixed volume.



(a) Nitrogen pentoxide readily reacts with water to form nitric acid.  Write a balanced equation for this reaction?







(b) The solid form of N2O5  at -73 oC appears to be an ionic solid of nitronium nitrate, NO2+NO3– , write a Lewis structure for the nitronium ion NO2+, and determine the ONO bond angle and the formal charges.









(c) Many of the gas phase reactions of N2O5 depend on dissociation to NO2(g)  and NO3(g).  Further reactions can occur because one of these gases is a strong oxidizing agent.  What are the oxidation numbers for nitrogen in NO2(g)  and NO3(g)? Which of the gases NO2(g) or NO3(g) would be a stong oxidizing agent? Why?

Ox #(NO2)= 
  Ox #(NO3)= 
  Oxidizing agent =                     




Answers

Section I

1. c 

2. 23

3. b

4. Iron(II)nitrate

5. a

6 a.  EQ \s(222,86) Rn(g)   EQ \s(218,84) Po(s) +   EQ \s(4,2) He

6.b Rn is a nonreactive nobel gas, which allows it to move out of the rocks where it is formed and enter our lungs.

6. c Po(s) is an insoluable radioactive metalloid or metal which stays in our lungs when it is formed

6.d. 4.44 disintegrations/min

7. a. SO2

7. b. 9.8 g

Section II

1. a

2. b

3. c

4. c

5. a. H+(aq) + NH3(aq) +(aq) 

5. b. Hg2+(aq) + 2I-(aq) HgI2(s)

5. c. 2K(s) + 2H2O(l) +(aq) + 2OH-(aq) + H2(g)  

6. [Bi3+] = 0.1; [S2-] = 0.0; [Na+] = 0.6; [NO3-] = 0.9 M
Section III

1. Al2O3

2. CN-
3. 1s22s22p63s23p6 3d6

4. N=N=N     N= N - N

5. P

6. a. ninital = nfinal= 3

6. b 241 nm

6. c. 496 kJ/mole

            O

             ||

7. a. H-C-O-H

7. b. 120

7. c. sp2

7. d. the hydrogen attached to oxygen, the formate is stabalized by resonance

Section IV 

1. c

2. d

3. c

4. c

5. c

6. Xe

7. a 2/7

7. b. 5/10

7. c N2O5(g) + H2O(l)   2 HNO3 (aq)

7. d. 180, +1, 0

7. e. +4; +6; NO3

8. a. 246.05 g/mole

8. b. 510 g/mole

8. c. As4S6
9.  Free question
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