Chemistry 12 Spring 2008
FINAL EXAMINATION
Please answer ALL questions.
Your reasoning should be clearly and concisely indicated.
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Useful information: ‘%
R = 0.08206 atm.L/K.mol. Aus \;m L s e
R = 8.314 J/K.mol. | 2 |
F = 96485 C/mol/ of electrons
AG = -nFE, NP = - TS
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E = E —_— (RT/nF) In (aproducts/areactants) 6\\(\M/ P /j
AG = AH - TAS | | a N
AG=AG°+RTInQ
k = A exp(-Ea/RT)
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1 30 20
2 40 Ho
3 20 7/0
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a. Use the thermochemical equatlons shown below and Hess'’s law to determme

+ the heat of formation (AH%) of NO):

AH® = +1398 kJ

(Z\IF;;(Q) + 502(9) - 4NOBV+ 6H20(\ : AH®=-1170 kJ
L4NH3(9) + 305g) = 2Nz(q) + 6H20() ) Covlbe AH® = -1530 kJ

%L?Q *mﬂa") - qWo () *@b@ﬁ ARo= -0 L3
:L‘NM&) +(0M>(@ S W)-r%@la‘) Qé%-» wsc:m

— S S

:LOL S 4Wo At 3«10\&
Q‘N’d@ £ 30uled Saw (85 " Aot fonvohond —

L. M:'\Nf)k)
Thos A% oy € fec )

e = 9y T
| 7

YO




= CAT  e—temponang,

S
b. The addition of 20.0 J of heat to a 6.00 g sample of lead at 23.0 °C caused the

temperature to rise to 48.7 °C. What is the specific heat of lead? 3@13&
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-/ c. ln a coffee cup calorimeter (again?),-1 4NO3 is mixed with 75.0 g of
\ Water at an initial temperature of 25.00 °C. After dissolution of the salt, the final
( temperature of the calorimeter contents is 23.34 °C. Assuming that the solution

has heat capacity of 4.18 J°C'g” and that there is no heat loss to the

calorimeter, (calculate the enthalpy change for the dissolution of NH4sNO3 in
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2. An electrochemical cell is constructed at 25 °C to plate (coat) the cathode with
’ Copper (Cu). The following setup was used:
LtO |
O\/L The anode compartment contains 50.00 ml of a 0.10 M solution of ZnSO..
The cathode compartment contains 50.00 ml of a 0.10 M solution of CuSOy,.
The standard reduction potential for Cu?* is 0.34 volts, and for Zn?* is - 0.76 volts

a. Calculate the standard cell potential for the above electrochemical cell
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b.i;;,.Write the balanced net reaction and calculate the equilibrium constant for that

reaction
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' d. Suppose 'you want to use the above battery to run an electric motor. What is

the maximum amount of work that can be obtained from this battery?
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3., Consider the following reaction taking place at 25 °C:

' Hz (g + Bra(g) S 2 HBr (g) : fﬁ&

AHP® for this reaction is equal to -103.8 kJ at 25 °C. In a given experiment, 1.0 atm

of Hy gas and 1.0 atm of Brp gas were mixed in a 1.0 L flask and allowed to reach

equilibrium. At that point, the reaction mixture was analyzed. It was found that the
—_—

number of moles of H, gas present at equilibrium is equal to 1.8 x 107" mol.
Assuming that all gases behaye ideally, calculate the value of the equilibrium
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4. A step in the formation of sulfuric acid from dissolved SO, in acid rain is the
oxidation of hydrogen sulfite ion by hydrogen peroxide:

HSO, + H,0, > HSO, + H,0 (lig)

The mechanism involves peroxymonosulfurous acid SO,00H":

Y

. ' :

HSO, + H,0, < S0,00H ¥ H,0 (k, / k_,)
e

Ly 7

SO,00H + H;0" fﬁ‘so‘,' + H0" (ky)

By making a steady state assumption for the peroxymonosdlfurous acid intermediate,
express the rate of formation of HSO, in terms of the concentrations of HSO;", H,0,,
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5-  8.23E-3 mol of lnCI solid in p‘iaced i'sw @O’E\of 0.010 M HCl & The InCl

/ssolves quickly, and then the following reaéf‘ on@cé:urs

3In" - 2 In (solid) + In®*

As this disproportionation proceeds, the solution is periodically analyzed for the
~ remaining In" concentration.

Time, seconds [In*], mol/L
0 8.23E-3
240 6.41E-3
1480 5.00E-3
720 | 3.89E-3
1000 3.03E-3
1200 \ 3.03E-3
/ 10000  3.03E-3
- a) Plot In [In"] versus time and find the apparent rate constant for this first-order -

reaction. (Graph paper supplied.)
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Determine the half life of the reaction.
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Determine the equilibrium constant for the reaction under these conditions. \J’U Q‘B%V
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6. The rate constant of the elementary reaction
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is 1.94E-4 L mol™ sec™ at 30 0°C, and the react|on has an activation barrier of 161 kJ
1

a) Compute the rate constant of the reaction gt 40.0°C. = 23\3Y
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- After equal concentrations of BH,” and NH," are mixed at 30% 1.00E44 sec is
required for half of them to be consumed. How Iong will it take for half of the < 9
reactants to be consumed if an identical experiment is performed at 40.0°C?
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