Chemistry 103 

Name                                                
Final Exam  7:00 - 10:00 pm

S.F. Sontum

December 17, 2007
  Honor Code:


"For instance, the most famous of Mendeleev's forecasts, and the last to be confirmed, was the third - what he called ekasilicon.  He predicted the properties of this strange and important element with great exactitude, but it was nearly twenty years before it was found in Germany, and called not after Mendeleev, but germanium"






Jacob Bronowski, "The Accent of Man"

Good luck in answering the questions on this exam with great exactitude.  Be sure to let me see clearly the steps you used for your solutions, so I can give you full credit.

Formulas

Stoichiometry
n =  M • V

n = m/Mwt
M1 • V1 = M2 • V2

d = m/V

 Gas Laws
PV = nRT

Mwt =  EQ \f(d RT,P) 
P =  EQ \f(nRT,V-nb)   -   EQ \f(a n2,V2)  
PT = ∑ Pi   where Pi = Xi PT
n1/n0 = e EQ \s(-(E1-E0)/RT, )
KE =  EQ \f(3,2)  R T =  EQ \f(1,2)  Mwt v EQ \s(2,rms) 
Thermodymanics
∆Hrxno = ∑ np ∆Hfo(p)) - ∑ nr ∆Hfo(r))

∆Hrxno ≈ ∑ nb BE(broken)-∑ nf BE(formed))
∆H = qp = m SHp ∆T = n  EQ \o(C,–) p ∆T

∆E = q + w = q - P ∆V

H = E + PV

Quantum Mechanics
c = 
Ephoton = h 
 h/p = h/mv
∆E = h  = h c/
En = -RH  EQ \f(Zeff2,n2)    ;  rn = ao  EQ \f(n2,Zeff) 
Zeff = Z – S

IE(X) = E(X+) – E(Xo) ≈ - En 

 EQ \f(1,l)   =  EQ \f(RH,hc) \b(\f(1,ni2) - \f(1,nf2)) 
KE = h  - h  

V = const   EQ \f(q+ q-,r+-) 
Nuclear Chemistry
E = m c2
# rems = # rads • RBE

Constants

1 atm 
= 1.01325 bar = 760 torr

1 L atm
= 101.325 J

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

RH
= 2.18 x 10-18 J

RHNa
 = 1313 kJ/mole

RH/hc
= 109737 cm-1 
ao 
= 0.529  Å

SH(H2O)=4.184 J/(oC g)

d(H2O) = 1.0 g/ml

rad
= 10-2 J/kg

Ci
= 3.7 x 1010 disintigrations/sec
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I.
First Exam Section:  30 points

1.(3)
Predict the formula of the ionic salt that contains calcium and phosphate

calcium phosphate = ___________________________


2.(3)
A common non-S.I. unit of energy is called the erg.  1 erg is defined as a (g cm2/sec2).  How many ergs equal a Joule? ex1

1 Joule = ________________ erg
3.(3)
How many significant figures should be used to specify the results of the following equation

q  =  mass..SH.(f - i)

given:  mass = 0.6834 kg,    SH = 4.184 J/(˚C g),   Tf  =  25.08 ˚C and i  =  24.09 ˚C.

a)  1
b)  2

c)  3
d)  4


4.(3)
The systematic name for Cu2SO4 is 

                   .
5.(3)
Which non-radioactive element is most similar in its chemical properties to Barium (Ba) _____________


6. (6)
Using molecular formulas, give a balanced chemical equation for the following oxidation reduction reactions.  Circle the compound which is oxidized.

a)
Ferric oxide is reacted with carbon monoxide to form iron metal 





b)
Potassium metal is burned in chlorine gas.






7.(3)
Which metal forms cations of differing charges?

a) K

b) Cs

c) Ba

d) Al

e) Fe



8.(6)
The combustion of 2.00 g of Vitamin C resulted in 3.00 g of CO2 (44.01 g/mole) and 0.816 g of H2O (18.02 g/mole)

a) What is the Weight % of   C = _______ , O = _______, and H = _______ in Vitamin C?










b) What is the empirical formula of Vitamin C?  ___________________








II.
Second Exam Section:  30 points

1.(3)
The net ionic equation for the neutralization of HF(aq) by NaOH(aq) is ex2

a) HF(aq)  +  NaOH(aq)  → NaF(aq)  +   H2O(l)
b)  H+(aq)  +  OH–(aq)  →  H2O(l)  

c) HF(aq)  +  OH–(aq)  → F–(aq)  +   H2O(l)

d) Na+(aq)  +  F–(aq)  → NaF(s)
  


2.(3)
Write a balanced nuclear equation for the positron emission of    EQ \s(22,11) Na.






3.(3)
How many grams of Aluminum oxide (102 g/mole) would be formed by burning 400 g (12.5 moles) of molecular oxygen  with 440 g (16.3 moles) of aluminum  



4 Al(s) + 3 O2(g) →2 Al2O3(s)

a) 204 g
b) 831 g

c) 840 g
d) 850 g


4.(3)
The oxidation number of manganese in potassium permanganate (KMnO4) is ________


5.(3)
When 2.00 kJ of energy is transferred as heat to nitrogen gas in a cylinder fitted with a piston at an external pressure of 1.00 atm, the gas expands from 2.00 L to 5.00 L against this constant external pressure.  What is the E for this process?

a) -0.30 kJ           b) 2.30 kJ           c) -2.30 kJ           d) 0.00 kJ           e) 1.70 kJ

6.(6)
Give the molecular, then the net ionic equation for the following reactions and finally indicate whether the reaction is an acid/base or oxidation/reduction reaction. 

a) Aqueous sulfuric acid is mixed with aqueous solution of calcium hydroxide to make an insoluble calcium sulfate precipitate.




Reaction Type                                          

b) A copper penny is dropped into concentrated aqueous nitric acid, immediately brown nitrogen dioxide (NO2(g)) gas begins to bubble off.  After the penny has completely dissolved, the solution is heated to dryness, removing all the water, and resulting in only green cupric nitrate (Cu(NO3)2).




Reaction Type                                          


7.(9)
PbCl2 is a very insoluble salt and will precipitate from solution as follows.

Pb+2(aq)  +  2Cl-(aq)  →  PbCl2(s)

What are the final concentration of ions in solution after mixing of 70.0 ml of aqueous 0.700 M CaCl2 solution with 80.0 ml of a 0.800 M Pb(NO3)2 M solution.
 (some may be zero)



[Pb+2] =               M



[NO3-] =               M



[Ca2+] =               M



[Cl-] =               M




III.
Third Exam Section:  30 points

1. (3)
The probability of finding an electron in a given point in space is given by ex3

a)
The wave function
b)
The deBroglie wavelength

c)
The square of the wavefunction
d)
The Heisenberg uncertainty principle


2. (3)
The electron configuration for Bi3+ (Z=83) is [Xe]                       
              .


3. (3)
Calculate the standard heat of formation of PbO2(s) from the following data




2PbO(s)  +  O2(g)  →  2 PbO2(s)

∆H = -116 kJ





substance

∆Hfo





PbO(s)

-219  kJ/mole


∆Hfo(PbO2) =


 kJ/mole


4.(3)
The binding energy per nucleon is greatest for atoms with a 

a) large (> 100) mass number

b)  intermediate ( ≈ 60 ) mass number

c) small ( < 20) mass number

d) large (> 1 ) proton to neutron  ratios


5. (3)
Circle the atom with the most unpaired electrons in its ground state

He
P
Br
Ba

   Zr



6.(3)
The largest  value of the angular momentum Quantum number (l) that occurs in describing the ground state of the elements in the periodic table is

 l  =  




7.(6)
Microwave ovens heat by using microwave radiation of wavelength 12.5 cm.

a) How much energy is contained in a photon of microwave radiation with wavelength 12.5 cm.







Energy =                             J/photon

b)  How many moles of photons of this microwave radiation are needed to raise the temperature of one cup of water (250. g) from 25.0 oC to 100.0 oC










# photons =                                   

8.(6)
The following is the energy level diagram for nitrogen and oxygen.
a)  Indicate the atom electron configuration using spin arrows
 
   Nitrogen






Oxygen
 







2p
_____  _____  _____ (-314 kJ/mole)
2p ____  _____ _____ (-335 kJ/mole)





2s           _____  (-1785 kJ/mole)
 







2s

 _____  (-2622 kJ/mole)
1s           _____  (-12,700 kJ/mole)
 







1s

 _____ (-17,000 kJ/mole)


b) The orbital energy of a 2p orbital in hydrogen (-1312/4) is –328 kJ/mole.  Why are the 2p orbital energies of N and O about the same as hydrogen?




c) From the above orbital energy diagram, calculate the ionization energy of N and O.





                                                                                      IE(N) = ________________kJ/mole

                                                                                      IE(O) = ________________kJ/mole
IV.
New Material:  60 points
1.(3)
Which molecule below does not have an expanded octet on the central atom?  The central atom is written as the first atom in the formula

SF4
KrF2


CF4
XeF4

2.(3)
An increase in temperature of a constant volume gas will not increase H10.69

a) the number of collisions with the walls of the container
b) the average energy of impact with the walls of the container
c) the average distance between gas molecules
d) the average speed of the gas molecules

3.(3)
Select the most important factor responsible for the observation that HCl(s) melts at 
-111 C˚ while HI(s) melts at -50.8˚C.

a)
HI is more polar




b)  HI is less polar

c)
HI has stronger London dispersion forces

d)  HI has more hydrogen bonds


4.(3)
The gas phase displacement reaction HCl + Br → HBr + Cl is endothermic.  This implies that:

a) The H-Br bond is stronger that the H-Cl bond
b) The ∆E for the reaction is negative

c) Br is more electronegative than Cl


d) The H-Cl bond is stronger that the H-Br bond

5.(3)
Circle the molecules that are planar?  H9.21

a) CH3+

b) PF3

c) BrF3

d) ClO4-


6.(3)
Consider the apparatus shown in the drawing.  What is the total pressure in the container after the stop cock is opened and the gases mix? H10.57

[image: image1]
a) 0.40 atm
b) 1.2 atm
c) 1.6 atm
d) 3.0 atm

7.(3).
Which of the following diatomic molecules has the shortest bond.

a) N2

b) O2

c) F2

c) Br2
8.(6)
Consider the following sets of nitrogen compounds


NN
NO2- 
H2NNH2
NH3

i
ii
iii
iv

a)
Which have or has a sp2 hybrid? 




b)
Which have or has a net dipole? 





	9.(9)
Label (2s, 2s*, 2p, 2p*, π2p , π2p*) and indicate the electron occupations (↑ or ↓)for the following valence molecular orbital diagram for the molecule CN. 




	
	
	Label
	

	
	
	
	
	a)  What is the bond order?

	
	
	
	
	

	
	
	
	
	b)  The  number of unpaired spins 

	
	
	
	
	     in your structure is?

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	c)  How many nodes does the highest

	
	
	
	
	     occupied molecular orbital have?

	
	
	
	
	


10.(10)
Find the smallest and largest property






Smallest
Largest

a) Acidity

SiO2  CaO  P2O5    H7.60

b) atomic radius

Be2+  Ne  Na+   H7.33

c) first ionization energy
O   N   S   Ne

d) electronegativity

H   B   C    P

e) bond order

NO+  NO  NO−  H9:72
11.(11)
In many biological systems super oxide is produced by the partial reduction of oxygen during metabolism.  Super oxide readily reacts with the biological messenger nitric oxide to make a very reactive peroxynitrite molecule


             NO  +  O2-  →

Peroxynitrite can cause the degeneration of brain cells much like Alzheimer's disease.
.
a) Write a valid Lewis octet structures for peroxynitrite using a linear skeleton [ONOO]-include formal charges.
The number of valence electrons = ___________________












b) What is the ONO bond angle in peroxynitrite  angle = ___________


c) What is the hybridization of the nitrogen atom?  Hybrid = ___________


d) How many π bonds does the molecule have? # π bonds = ____________


e) What oxidation number does your Lewis structure predict for N (oxidation numbers are the charge on an atom in an ionic solid, assume the structure is ionic where all bonding electrons have been transferred to the more electronegative element).  Ox # (N) = ______________

12.(3)
On this famous Florida ballot vote for your one favorite demonstration. Fill in the circle completely and remove any dangling chads -- Tie votes will be determined by the supreme court

 
O
Chemical lightening 
O

O            ..Megan's Unit of Measure
Reaction of Na and water 
O

O            ..Reaction of K and water
Reaction of Na and Chlorine 
O

O              Kinetic motion of a gas
Titration of Breath  
O

O            ..Thermite Reaction
Heats of Solvation  LiCl, NaCl, KCl..
O

O            ..The reaction of Zn and I2
Beer’s law spectrometer
O

O            ..The reaction of water and CaC2
Chemical Christmas Tree 
O

O            ..Toilet Bomb (Chain Reactions)

Answers

Section I

1. Ca3(PO4)2
2. 107 erg

3. b) 2
4. copper(I) sulfate

5. Sr

6. a) Fe2O3(s) + 3 CO(g) → 2 Fe(s) + 3 CO2(g)
b) 2 K(s) + Cl2(g) → 2 KCl(s)
7. e) Fe

8. a) %C= 40.9  %O=54.5 %H =4.56
b) C3O3H4
Section II

1. 1. c) HF(aq)  +  OH–(aq)  → F–(aq)  +   H2O(l)
2. 2211Na → 2210Ne  + 01e
3. b) 831 g

4. +7

5. e) 1.70 kJ

6. a) 2 H+(aq) + SO42-(aq) + Ca2+(aq) + 2 OH-(aq) → CaSO4(s) + 2 H2O(l)  acid/base
b) Cu(s) + 2 H+(aq) → Cu2+(aq)  + NO2(g) + H2O(l)  redox

7. [Pb2+]= 0.100M  [NO3-] = 0.854 M  [Ca2+] = 0.327 M  [Cl-] = 0 M
Section III
1. c) The square of the wavefunction
2. [Xe]4f14 5d10 6s2
3. -277 kJ/mole

4. b) intermediate (=60) mass number
5. P

6. 3

7. a) 1.59 x 10-24 J/photon
b) 8.19 x 104 moles

8. a) N 1s↑↓ 2s↑↓  2px↑ 2py↑ 2pz↑  O 1s↑↓ 2s↑↓  2px↑↓ 2py↑ 2pz↑
b) Zeff ≈ 1
c) IE(N)= 335 kJ/mole   IE(O)=314 kJ/mole

Section IV

1. CF4

2. c)

3. c)

4 d)

5. CH3+  and BrF3
6. c) 
7. a)

8. a) ii 
    b) ii, iii, iv
9. a) 2 ½   b) 1   c) 2 nodes
10 a) CaO  P2O5
    b)  Be2+  Ne

c) S    Ne
    d) B    C

e) NO-   NO+
11 a) ::O=N: −O::−O:::    terminal O is negative
    b) 120
    c) sp2
d) 1 

e) +3
12.  Any answer
N2





O2





N2  2.0 L, 1.0 atm, 25 oC





O2  3.0 L, 2.0 atm, 25 oC








