Chemistry 107 

Name                            
Sample Exam 3 

S.F. Sontum

November 18,  2003
  Honor Code Please:

"The fascination  of a growing science lies in the work of the pioneers at the very borderland of the unknown, but to reach this frontier one must pass over well traveled roads; of these one of the safest and surest is the broad highway of thermodynamics"









G.N. Lewis

Have a safe trip on this exam's thermodynamic highway.  Be sure to clearly indicate what road you took to your solution, so I can give you partial credit on the short answer section

Formulas

Molecular structure
2 d sin θ = n 

Thermodynamics
∆Grxno = ∑npGfo(prod) -∑ nrGfo(react)

∆Hrxno = ∑npHfo(prod) - ∑nrHfo(react)

Srxno = ∑npSo(prod) - ∑nrSo(react)

qp = mass SHp ∆T = n  EQ \o(C,–) p ∆T = Ccal ∆T

∆H = qp

∆U = q + w

w = F ∆x

w = -P ∆V

∆U = qv

H = U + PV

∆S =  EQ \f(qrev,T) 
∆Suniv = Ssys  + Ssurr   EQ \o(>,_)  O

S = k ln(W)

n1/n2 = e-E/kT

G = H - TS

∆G = ∆H - T∆S


Equilibrium

aA =  EQ \f([A],[Standard State of A]) 
aA =  EQ \f(PA,1 bar) 
a (pure solid) = 1

a (pure liquid) = 1

∆Grxn = ∆Grxno + RT ln(Qrxn)

Grxno = -RT ln (Keq)

∆Grxn = -n F rxn
ln( EQ \f(K1,K2)) = -  EQ \f(∆H,R) (  EQ \f(1,T1) -  EQ \f(1,T2) )

Keq =  EQ \f(a(P)p,a(R)r) 
Kp = Kc(RT)∆n

Ka =  EQ \f([H+][A-],[HA]) ; Kb =  EQ \f([BH+][OH-],[B:]) 
Kw = Ka x Kb
x =  EQ \f(-b±\r(b2-4ac),2a) 
Constants

1 atm 
= 1.01325 bar = 760 torr

R
= 8.314 J/K mole

= 0.08314 l bar/K mole
Na
= 6.022 x 1023 things/mole

F = 96,500 coul/mole
SH(water) = 4.184 J/K gm
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I.
First Exam Section:  39 points

1.
From the following enthalpies of reaction: 

H2(g)  +    F2(g) → 2 HF(g)
∆H = -537 kJ
C(s)    + 2 F2(g) →  CF4(g)
∆H = -680 kJ
2 C(s) + 2 H2(g) → C2H4(g)
∆H =  52.3 kJ

Calculate ∆H for the reaction of ethylene with F2:
C2H4(g)  + 6 F2(g) →CF4(g) + 4 HF(g)

a) (-537) + (-680) + (52.3) kJ
b) 4(-537) + 2 (-680) - 1(52.3) kJ

c) 2(-537) + 2 (-680) - 1(52.3) kJ
d) something else


2.
The reaction:   2 K(s) + 2 H2O(l) → 2 KOH(aq) +  H2(g)
is an example of a

a) oxidation/reduction reaction
b) reaction of an active non-metal

c) combustion reaction
d) acid-base reaction

3.
Calculate the standard heat of formation of CaCO3(s) from the following data


substance
∆Hfo,kJ/mole

   CaO(s)
  -635.5

   CO2(g)
  -393.5

CaCO3(s) →CaO(s) + CO2(g)     ∆Hrxn = 178.1 kJ

a) -1207 kJ

b) 1207 kJ

c) -850.9 kJ

d) 850.9 kJ

4.
The expression for Kp of the following reaction at 100oK and 100 bar

CO2(l) + H2(g)  EQ \o(→,←) CO(g) + H2O(s)
 is

a. Kp =  EQ \f(PCO,PH2) 
b. Kp =  EQ \f(PCO PH2O,PCO2 PH2) 

c. Kp =  EQ \f(PCO [H2O],PH2 [CO2]) 
d. none of these


5
In the following reaction what would you expect to be the general temperature and pressure conditions for an optimum yield of nitric oxide? 

4 NH3(g)  + 5 O2(g)   EQ \o(→,←)  4 NO(g) + 6 H2O(g)  ∆Hrxno < 0 

a. High pressure; High temperature
b. High pressure; Low temperature

c. Low pressure; Low temperature
d. Low pressure; High temperature


6.
The specific heat capacity is the amount of energy required


a)  to provide 1 Joule of energy

b)  to provide 1 Cal of energy

c)  to change the temperature of 1 gram of substance by 1oC

d)  to change the temperature of 1 mole of substance by 1oC


7.
The vaporization of a liquid at its boiling point is:

a)  endothermic
b)  exothermic     
c)  a constant volume process 
d)  none of the above


8.
Which of the following thermodynamic variables is not a state function?
 
H                 U                P                T             q              CP                 V


9.
In the following oxidation-reduction reaction:

Fe2O3(s)  + 2 Al(s)  →  Al2O3(s)  +  2 Fe(s)

The reducing agent is

a) Fe2O3(s)
b)  Al(s)

c) Al2O3(s)
d) Fe(s)


10.
HCl >> CH3COOH > HCN > H2O 
Ka = ∞ , 1.8 x10-5, 4.9 x10-10, 1.0 x 10-14

Five acids are listed above in the order of decreasing acid strength. Which of the following reactions must have an equilibrium constant with a value less than 1?

a. HCl + CN-  EQ \o(→,←)HCN + Cl-
b. HCl + H2O  EQ \o(→,←)H3O+  + Cl-
c. CH3COOH + OH-  EQ \o(→,←)CH3COO- + H2O
d. HCN + CH3COO-  EQ \o(→,←)CH3COOH + CN-


11. 
The vaporization of water (H2O(l) → H2O(g)) is an example of a process for which

a) ∆H, ∆S, ∆G are negative at all temperatures
b) ∆H, ∆S, ∆G are positive at all temperatures
c) ∆H and ∆S are positive at all temperatures
d) ∆H is negative and ∆S is positive at all temperatures


12.
The heat of vaporization of carbon disulfide, CS2 , at 25 oC is 29 kJ/mole and the molar entropy of CS2 vapor at this temperature is 248 J/(oK mole).  What is the molar entropy of CS2 liquid? 

a) 345 J/(oK mole)
b) 277 J/(oK mole)

c) 219 J/(oK mole)
d) 151 J/(oK mole)


13. 
Which of the following reactions would have the most positive entropy change?

a) 2KClO4(s) → 2KClO3(s) + O2(g)
b) CH4(g) + 2O2(g) → CO2(g) + 2H2O(l)
c) S(s) + O2(g) → SO2(g)
d) 2LiOH(aq) + CO2(g) → Li2CO3(aq) + H2O(l)


14.
For the sublimation reaction of dry ice
CO2(s)  EQ \o(→,←)CO2(g)

∆So = 96.1 J/ok mole;   ∆Ho = 20.3 kJ/mole at 298 oK and bar


What is the ∆Go for this reaction at the equilibrium sublimation temperature of 211oK?

a) ∆Go = 0 kJ/mole
b) ∆Go = 22.9 kJ/mole
c) ∆Go = -20.3 kJ/mole
d) ∆Go = 20.3 kJ/mole


II. Second Exam Section  58 pts

1.(12)
The hydronium ion H3O+ is a very important constituent of liquid water.

a.  Give a three dimensional Lewis structure of the hydronium ion indicating its shape and the position of all formal charges in the molecule.







b.  When the hydronium ion is solvated in water, how many waters will be hydrogen

bonded to each hydronium ion?                  

c. Show how the hydronium ion is formed by the reaction of two hydrogen bonded water molecules.




d. Briefly explain why water is more dense than ice and why the density of water increases from 0 oC to its maximum density at  4 oC.







5.(16)
Baking soda is used to causes biscuits to rise by the thermal decomposition of sodium bicarbonate.  Given the following thermodynamic data at 25 oC.  Consider the changes for 1 mole of reaction.


2 NaHCO3(s)   EQ \o(→,←)         Na2CO3(s)   +   CO2(g)   +   H2O(l)

Hfo            -947.7                        -1130.9             -393.5          -285.8   kJ/mole
So                102.1                            136.0               213.7             69.9    J/mole K


a. What is Hrxno at 25 oC in joules?



b. What  Srxno at 25 oC in joules/K.





c. Assuming Hrxno and Srxno do not change with temperature.  What is the Grxno in a Biscuit at 200 oC.








d. Assuming Hrxno and Srxno do not change with temperature. At what temperature would the equilibrium constant for this reaction equal 1. 










3.(15)
The heat of sublimation is the heat needed to convert a solid into a gas.  Find the heat of sublimation of dry ice ( CO2(s) →C(g) ) from the following calorimetry data:

10.0 g of dry ice CO2(s) was placed in a styrofoam calorimeter cup with 100.0 g of water initially at 25.0 oC.  After all of the dry ice vaporized, the final temperature in the cup was 10.8 oC. You may assume that all of the CO2(g) leaves the cup and that the cup is adiabatic)

a) What is the heat of sublimation ∆Hsub(CO2) in kJ/mole












b) The heat of vaporization of liquid carbon dioxide (CO2(l) →C(g)) is 16.0 kJ/mole, based on your answer to part a) calculate the heat of fusion for CO2(s) in kJ/mole.







4.(15)
Nitrogen pentoxide a component of smog can be formed by the following reaction:

2 N2(g)  + 5 O2(g)  EQ \o(→,←)2 N2O5(g)
 Hfo
0                    0              11.30    kJ/mole
So
191.61       205.14          346.55   J/K mole

Consider this reaction at constant temperature in a closed vessel of fixed volume.

(a) What is the equilibrium constant (Kp) for this reaction at 25.0 C.


 








(b) If a 1.0 liter vessel was filled up with 2 bar pressure of Hydrogen and 5 bar pressure of oxygen, what pressure of N2O5 would be present at equilibrium.













(c) Many of the gas phase reactions of N2O5 depend on its 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 of Nitrogen in each gas? Which of these gases  would be a strong oxidizing agent? Why?

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




3

