Chemistry 232 Test1 (12 February 2016) Name:

¢ all questions are of equal value
* no books or notes are allowed
¢ no marks for unreadable answers

¢ please answer all 5 questions in the spaces provided
o this is a 1-hour test (but you have 2 hours to write it!)
¢ a calculator and the equation sheets provided may be used

1. a) Carbonated water for soda drinks is made by dissolving CO; gas at about 2 bar and 25 °C in
water. Why is it impractical to use Raoult’s law for aqueous CO; solutions under these conditions?
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b) Use Henry’s law to calculate the mole fraction of CO; in an aqueous solution saturated with CO,
gas at 2.00 bar pressure at 25 °C, How many grams of CO; are dissolved in 1000 g water?
Data: ko= 3560 bar. H;0 and CO, molecular weights are 18.0 g mol™ and 44.0 g mol™.
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2. a) For aliquid benzene(1) + toluene{2) mixture with a total vapor pressure of 50.0 Torr at 60 °C:

i) calculate the mole fraction of benzene in the liquid mixture. (pi* = 96.4 Torr, p;* = 28.9 Tom)
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ii) calculate the mole fraction of benzene in the vapor in equilibrium with the liquid
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b) i) Using the phase diagram, 90 P T
give the solubility * )
(in mole fraction units) 30 biphenyl(1) + naphthalene(Z)
of biphenyl in liquid _ solid-liquid phase diagram at 1 bar
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ii) (0.300 mol solid bipheny! and 0.200 mol solid naphthalend initiaily at 25 °C are heated. Give
the temperature and the number of dégrees of freedom when the first liquid appears. What is the
mole fraction of bxphenyl in the first hquid?
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iii) To check the purity of a commercial sample of biphenyl, a small portion of the solid product
is slowly heated, starting at 20 °C. The last solid melts at 65 °C. Give the purity of the biphenyl
sample in mole fraction units. Why is this purity estimate reliable even if the impurity is not

naphthalene?
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3. a) The osmotic pressure of a 0.045 mol L™ aqueous dichloroacetic solution is 1.90 bar at 25 °C.
Assuming the solution is ideal:

i) use the osmotic pressure to show dichloroacetic acid is a weak electrolyte
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ii) calculate the equilibrium constant for the dissociation of dichloroacetic acid
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iii) calculate the freezing point of the solution. Data K:=1.86 K kg mol”’, the density
of water is 1.00 g cm™ . - P
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a) Use Debye-Huckel theory to calculate the ionickgiength (J) and the activity (acacp) offCaCl,

in a 0.0050 mol kg™' aqueous CaCl, solution at 25 °C. . =2
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b) Why does the formation of bisulfate ions (H™ + SO, SO;TrEdme
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¢) Measurements for the reversible cell
Ag(s) | AgCl(s) | HCI (aq) | Hx(g) | Pt(s)

give E° =-0.2224 volt and dE*/dT = 0.00045 volt K™ at 25 °C.

Write the overall cell reaction and calculate AG® AS® and AH® at 25 °C.
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5. This question refers to the electrochemical cell

Zn(s) | ZnSO4(ag, 0.001 mol kg™") |} CuSO(aq, 0.001 mol kg™") | Cu(s)

a) Describe the device indicated by “{|”. Give two reasons why it is essential for cell operation.
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b Give the overall cell reaction.
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¢) Write the Nernst equation for the cell. (Do not assume ideal solu

fon behavior.)
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d) Use the table of standard reduction potentials to calculate the standard cell voltage E°
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¢) Calculate the cell voltage E using Debye-Huckel theory for the ionic activity coefficients
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f) The measured cell voltage is slightly lower (by about 0.01 volt) than the cell voltage
calculated from the Nernst equation. Account for this discrepancy.

The- o pwt Aevens bl dua o vz vens:
o e Salt l:av’m'%@s Ac o b

&,& /"'”)QMJ
H 46 < wyg

-—hWFE < ~nFE;
ARy

Erey > Elray



Stemdard. Reduchm Doenticls at 25T

Electrode E°vV Electrode Reaction F
F |Fag) {Pt 287 IFy(g)+e = F 4
A | Au 150 JAw* +e” = lAu A
Pb?* | PbO; | Pb 1.455 1PbO, + ZH* + ¢ = P2 + HyO!
C | Ch(g) | Pt 13604  iCh()+e =C 3
H* | O:(g) | Pt 12288  H*+10(g) + e = 1H0
Agt | Ag 0.7992 Agt+e = Ag _
Fet, Felt | Pt 0.771 Fe** + e = Fe** i
I~ | I(s) | Pt 05355 ih+e =I" !
Cu* | Cu 0.521 Cut+e” =Cu
OH- | O;(g) | Pt® 0.4009 104(g) + }H20 + ™ = OH~
Cu** | Cu 03394  lCu*+e = JCu ]
CI- | Hg,Cly(s) | He* 0.268 1Hg,ClL + ¢~ = Hg+ O
Cl- | AgCl(s) | Ag 02224  AgCl+e = Ag+Cl
Cu?*, Cu* | Pt 0.153 Cu?* + ¢~ = Cu*
Br | AgBi(s) | Ag 0.0732 AgBr+ ¢~ = Ag+Br-
H* | Hy(g) | Pt 0.0000 H* +e” = jHa(g)
D* | Da(g) | Bt -00034 D +e = 1Da(g)
Pb** | Pb —0.126 1Pb?* +¢~ = §Pb
Sn?* | $n -0.140 iSn®* +¢” = iSn
Ni?* | Ni. —0250  INP*+e =INi
cd | Cd —0402  jCa* +e = iCd
Fe?* | Fe —0.440 1Fe?* +¢~ = {Fe
Zn** | Zn -0.763 1Zo?* +e” = {Za
OH- | Hag) | Pt ~08279  H,0+e = IHy(g)+OH"
Mg?t | Mg -237 IMg* +¢ = Mg
Na* | Na -2714 Nat+e” =Na
Li* | Li —3.045 Li*t+e” = Li

2 All jons are st unit activity (on the molal scale} in water, and all gases are at 1 bar.



