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CHEMISTRY CHEM 1101 C

FINAL EXAMINATION

APRIL, 2011



DATA/EQUATIONS

E = hν
h = 6.626 x 10–34 J·s

E = hc/λ
c = 3.00 x 108 m/s

E = RH (  EQ \f(1,ni2)  (   EQ \f(1,nf2) )
RH = 2.18 x 10–18 J
PV = nRT

R
= 0.08206 L(atm/K(mol
[P +  EQ \f(an2,V2) ] [V ( nb] = nRT

= 8.314 J/K(mol

Kp = Kc [R·T]Δn

T(K)  =  T((C) + 273




x =   EQ \f(–b ±√b2 – 4ac,2a) 


ln(  EQ \f(P2,P1)  ) =  EQ \f(ΔH°vap,R)  (  EQ \f(1,T1)  ‾   EQ \f(1,T2) )

Van der Waals Constants, CO2:



a = 3.59 L2(atm/mol2



b = 0.0427 L/mol


(G(  =  (H( ( T(S(



Selected Thermodynamic Data:


ΔHfº (kJ/mol)
ΔSº(J/K·mol)

CaCO3(s)
−1207
92.9


CaSO4(s)
−1433
107

CO2(g)
−393.5
213.6


H2SO4(l)
−814
156.9


H2SO4(aq)
−907.5
17

H2O(l)
−285.4
69.91 

H2O(g)
−241.4
188.7

PHASE DIAGRAM:  H2O
PERIODIC TABLE

1.
A hydrogen atom emits electromagnetic radiation with a wavelength of 102.6 nm when its electron makes a transition to the ground state.  Determine what level the electron started in.
2.
a)
Give the electron configuration for neodymium, 60Nd.


b)
Give the valence shell for neodymium, and give the orbital diagram and quantum numbers for it



c)
Give the highest energy subshell for neodymium, and give the orbital diagram and quantum numbers for it (if different from b)

3.
For the elements:  Al, Cl, K, Mg, Ne, Si


a)
Rank them in order of increasing size


b)
Rank them in order of increasing ionization energy

4.
a)
Draw and label a molecular orbital diagram for the cyanide ion, CN–

b)
Give the bond order by bond type (σ and π) and the overall bond order



c)
Give the magnetism

d)
If you had the neutral molecule, CN, would the bond between the elements be longer or shorter?  Explain your answer briefly (you do not need to draw a new M.O. diagram unless you want to)

5.
a) 
Draw and label a band diagram for aluminum (Al) metal


b)
Draw and label a band diagram for silicon doped with a small amount of arsenic (As).  Indicate whether it is an intrinsic or extrinsic semiconductor, and whether it is n-type or p-type.
6.
a)
145 kg of carbon dioxide gas is stored in a 1000.L cylinder at 21⁰C.  Determine the pressure, assuming ideal behaviour.


b)
The VanDerWaals constants for carbon dioxide are given on the data page.  Determine the real pressure in the cylinder at this temperature.



c)
Indicate what is causing the carbon dioxide pressure to deviate from ideal at these conditions.

7.
a)
Liquid mercury (Hg(l)) is used in several kinds of scientific instrument.  Mercury has a standard heat of vaporization of 59.2 kJ/mol and a normal boiling point of 357°C.  Determine its vapour pressure at 23°C. 


b)
If a container of mercury is left open in a lab whose room volume is 3.50 x 105 L, calculate the mass that can evaporate at 23°C (you may assume ideal behaviour at this pressure.)

8.
Using the phase diagram of water given with the data sheets:


a) 
label regions A, B, and C, lines 1, 2, and 3, and points a and b.  (Use the letters and numbers given on the diagram and answer in your exam booklet. Don’t write it on the question paper; I don't want that handed in!)


b)
Describe in POINT FORM what happens when H2O is heated from –100⁰C to 200⁰C at a pressure of 0.001 atm.  Make reasonable pressure and temperature estimates as needed.


c)
Describe in POINT FORM what happens when the pressure of the H2O is raised from 0.001 atm to 50 atm at a temperature of 100⁰C.  Make reasonable pressure and temperature estimates as needed.

9.
Plants use the following chemical reaction for photosynthesis:




CO2(g)  +  H2O(l)   →    C6H12O6(s)  +  O2(g)

Assuming a complete reaction, determine the mass of C6H12O6(s) that is produced when a plant has 2.50 kg of carbon dioxide and 1.10 kg of water available.  (show your calculations for this question)
10.
Marble statues are damaged by acid rain according to the reaction  



CaCO3(s) + H2SO4(aq)  (  CaSO4(s) + CO2(g) + H2O(l)

Using the table of thermodynamic data on page 2:


a)
Calculate the standard state heat of the reaction


b)
Calculate the standard state entropy of the reaction


c)
Calculate the standard state free energy of the reaction


d)
Calculate the free energy for the reaction at 20.ºC when the concentration of H2SO4(aq) is 0.0050M, and the pressure of CO2(g) is 0.030 atm.


