Chemistry 232 Test 1 (10 February 2017) Name:

e please answer all 5 questions in the spaces provided e all questions are of equal value

e this is a 1-hour test (but you have 2 hours to write it!) ¢ no books or notes are allowed

e a calculator and the equation sheets provided may be used e no marks for unreadable answers
Gulfamic eccid) — [ weafe cci o HINO S =+ F //2,\/03_5

1. a) 7.85 grams of a compound of formul molecular weight 98.1 g mol™') is dissolved £=0-)
in 400.0 grams of water (18.0 g mol™'). The Treezing point depression of the solution is 0.56 K. - . o
- at 25 c)

Is the compound a nonelectrolyte? Or is it an electrolyte? Justify your answer using the
freezing point data. Be specific! (Assume th)e sol:Eon is ideal, and use K¢=1.86 K kg mol~'.)
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b) The vapor pressure of water over an aqueous sucrose solution is 23.581 s
temperature the vapor pressure of pure water is 23.753Torr.

i) Why is it a good approximation to assume that the Raoult’s-law activity coefficient of

water is unity (#zore) = 1) for this solution? Xy20= 3(/ = 2355
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i) Calculate the molality of sucrose (342.3 g mol™!) in the solution.
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iii) Calculate the osmotic pressure of the solution. Use 18.0 cm® mol™! for the molar

volume of water. R
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2. Use the boiling point diagram plotted below to answer this question.

79

L 1 { LM L 1 ) 1 L

78 ethanol(1) + ethyl acetate(2) at 1.00 bar

a) Explain how this diagram
illustrates azeotropic behavyior.
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b) One of your classmates claims that the vapor in equilibrium with a solution is always richer
in the more volatile component than the liquid. Use the diagram to prove that he or she is wrong!
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¢) Give the boiling point of a liquid ethanol + ethyl acetate mixture consisting of 0.40 moles of
ethanol and 1.60 moles of ethyl acetate at 1.00 bar. Also give the composition of the vapor.
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d) A vapor mixture consisting of 1.60 moles of ethanol and 0.40 moles of ethyl acetate is cooled
at a total pressure of 1.00 bar. Give the dewpoint (the temperature at which the first liquid forms)
and the composition of the first liquid.
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3. p,*=39.1 Torr
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Use the plotted vapor pressures of 8
liquid chloroform(1) + acetone(2) £
mixtures at 35 °C to answer this =
question. <
0o ! 4
0.0 0.2 04 0.6 0.8 1.0

chloroform mole fraction x,

a) Calculate the Raoult’s-law activity coefficient of chloroform (#irL) at x; = 0.600 _
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b) Calculate the Raoult’s-law activity coefficient of acetone (srL) at x1 = 0.600 —> /)(& = 040
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¢) Calculate AG for mixing\0.600 moles of pure liquid chloroform and(0.400 moles)of pure
liquid acetone at 35 °C. (Do not assume ideal solutions.)€— /place ;3 X5 Zo it T K) F2X2
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d) Use the graph to estinfate the Henry’s law constant for chloroform.
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4. a) For solid BaCl, in equilibrium with an aqueous BaCl; solution at 1.00 bar. Give:
C (the number of components) = 2. ( BaCly e H,0)
P (the number of phases) = Z ( splid BaCiz_ eanok A nldhd sk "")
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b) At 25 °C the equilibrium constant K, for dissolvin 5solfd BaCl,'in water is

BaCly(s) = Ba?'(aq) + 2Cl(aq) K = 176.94 mol® kg3

and the solubility of the salt is\1.779 nm kg~! JFor an aqueous solution of BaCl, in equilibrium
with solid BaCl, at 25 °C (i.e., a saturated solution), calculate:

i) the barium chloride activity (apacr)

) _ 2
a+ e(Lu.-‘ I\ brmun ¢ Kgo - 0{&12(’2 ) @Ci'(aﬂ/J
T ABacy g
= 7694 wit® k4 g

ii) the mean ionic activity coefficient (y+) of barium chloride
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¢) According to the Third Law of Thermodynamics, the absolute entropies of substances are
always zero (for perfect crystals at 7= 0 K) or positive (7> 0).

But according to material covered in Chapter 10, the entropies of aqueous ions can be negative!
For example Sm°(OH-, ag) = -10.75 J K~! mol-'! nlefve o
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5. This question refers to the reyersible electrochemical cell

Pt(s) | Ha(g, 1 bar)| HCl(aq, 5.00 mol kg¥) | Clz (g, 1 bar) | Pt(s)
Data: E°=1.3604 V at 25.0 °C @ = Soo mof t\of

a) Write the anode reaction: 5 ( —> 2 HT + 2e s .
( oxidechon, b 2 %5) h=2

cathode reaction: 2e¢ + C i},(ﬁ) —> 2.CI ‘-(Qﬁ )
. auchony L)

overall cell reaction: ’ Hy@& + Cl & — Z-H(?z‘f e (Qﬁ:)
(Ho@) + Clof) —> 21/ %g)

Nernst equation (do not assume the solution is ideal):
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b) The mean ionic‘attivity coefficient of 5.00 mol kg~! aqueous HCl is % = 2.38 at 25.0 °C.
Calculate the cell voltage E at this temperature.
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¢) Calculate the standard Gibbs energy of formation of HCl(aq) at 25 °C [AGi°(HCl, aq).
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d) The values of AGs°(HCl, aq) and AGs°(Cl, aq) are identical. Why?
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