FORMULA SHEET (tear off)

NA = 6.022 x 1023
1 amu = 1.661 x 10-27 kg
1 atm = 760 torr = 760 mm Hg
R = 0.08206 Latm/molK
R = 8.314 J/molK

C = (5/9) (F - 32)
C = K - 273.15
1 atm = 1.013 bar
1 Latm = 101.3 J
1 J= 1 kgm2/s2

F = (9/5)(C) + 32
K = C + 273.15
pV = nRT

pA = XA pA
Tb = Kb mB

[B] = k pB
Tf = Kf mB

pA = XBpA
 = [B]RT

H = U + pV

G = H - TS
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Do all of the following problems. Show your work.
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Part 1. Multiple choice. Circle the letter corresponding to the correct answer. There is one and only one correct
answer per problem. [4 points each]
1) Which of the following combinations of enthalpy and entropy changes is most likely to lead to the formation of a
solution?
a) If Hsoln is greater than zero and Ssoln is greater than zero
b) If Hsoln is greater than zero and Ssoln is less than zero
C
c) If Hsoln is less than zero and Ssoln is greater than zero
d) If Hsoln is less than zero and Ssoln is less than zero
e) Solution formation is equally likely for all of the above combinations of enthalpy and entropy change
2) A metal alloy is 0.085 % by mass chromium. The concentration of chromium in the alloy is also
a) 0.085 ppm by mass chromium
b) 8.5 ppm by mass chromium
C
c) 850 ppm by mass chromium
d) 85000 ppm by mass chromium
e) None of the above
3) For a process to be spontaneous for standard conditions which of the following must be true?
a) Grxn > 0
b) Hrxn > 0
E
c) Srxn > 0
d) Both a and c
e) None of the above
4) For a particular chemical reaction both Hrxn and Srxn are positive. Which of the following statements
concerning the reaction is correct?
a) The reaction is expected to always be spontaneous
b) The reaction is expected to never be spontaneous
c) The reaction is expected to be spontaneous at low temperatures, but not at high temperatures
d) The reaction is expected to be spontaneous at high temperatures, but not at low temperatures
e) No prediction can be made about when the reaction is or is not spontaneous
Version 1: D, C, E, B

Version 2: B, B, E, A

Version 4: A, B, E, C

Part 2. Short answer.
1) A solution is formed by dissolving 18.7 g of sodium bromide (NaBr, MW = 102.9 g/mol) in water. The final
volume of the solution is V = 400.0 mL. What is the molarity of NaBr in the solution? [6 points]
moles NaBr = 18.7 g

1 mol = 0.1817 mol
102.9 g

molarity = 0.1817 mol = 0.454 mol/L
0.4000 L
Version 1: 0.394 mol/L

Version 2: 0.709 mol/L
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Version 4: 0.603 mol/L

2) Define the following terms [4 points each]
solvent
The major component in a solution.

state function
A function whose change in value depends only on the initial and final state of the system, and which is
independent of the pathway used to travel between these states.

3) The molality of carbon disulfide (CS2, MW = 76.14 g/mol) in a liquid solution of carbon disulfide and toluene
(C6H5CH3, MW = 92.13 g/mol) is m = 1.748 mol/kg. What is the mole fraction of carbon disulfide in the solution?
[8 points]
Assume 1.000 kg toluene. Then there are 1.748 moles of CS 2.
The moles of toluene is then

1000.0 g

1 mol = 10.854 mol toluene
92.13 g

The mole fraction of CS2 is then

X(CS2) =

1.748 mol
= 0.1387
(1.748 + 10.854) mol

Version 1: 0.1244

Version 2: 0.1152

Version 4: 0.1304

4) Give the correctly balanced formation reaction for iron pentacarbonyl (Fe(CO) 5(l)). [4 points]
Fe(s) + 5 C(s) + 5/2 O2(g)  Fe(CO)5(l)

5) Complete the chart below by providing the missing information. [4 points each]
Ssyst (J/molK)

Ssurr (J/molK)

Suniv (J/molK)

Is the process
spontaneous?
(yes or no)

+ 91.7

__- 106.0______

- 14.3

_____no______

Version 1: Ssurr = - 106.5 J/molK

Version 2: Ssurr = - 102.8 J/molK
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Version 4: Ssurr = - 92.6 J/molK

Part 3. Problems.
1) A solution is prepared by dissolving 4.48 g of a nonvolatile solute in 160.00 g of liquid benzene (C 6H6, MW =
78.11 g/mol).
a) Will the vapor pressure of benzene in the above solution be higher than, equal to, or lower than the vapor
pressure of pure benzene at the same temperature? [4 points]
Lower.
b) The normal boiling point for the above solution is 0.44 C higher than the boiling point of pure benzene.
What is the molality of solute in the solution? Note that for benzene Kb = 2.62 kgC /mol. [6 points]
Tb = Kb mB

Version 1: 0.2328 mol/kg

mB = Tb =
0.44 C
= 0.1679 mol/kg
Kb
2.62 kgC /mol

Version 2: 0.2443 mol/kg

Version 4: 0.2137 mol/kg

c) Based on the above information, what is the molecular weight of the solute? [8 points]
moles solute = (0.1679 mol/kg) (0.1600 mol) = 0.02686 mol
MW =

4.48 g
= 167. g/mol
0.02686 mol

Version 1: 137. g/mol

Version 2: 153. g/mol
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Version 4: 116. g/mol

2) Thermodynamic data are given below (at T = 25. C) and may be of use in doing this problem.
Substance

Hf (kJ/mol)

Gf (kJ/mol)

S (J/molK)

CO2(g)
C2H5OH(l)
C6H12O6(s)

- 393.5
- 277.7
- 1273.3

- 394.4
- 174.9
- 910.4

213.7
160.7
212.1

The fermentation of glucose (C6H12O6, MW = 180.2 g/mol) can produce ethyl alcohol by the process
C6H12O6(s)  2 C2H5OH(l) + 2 CO2(g)
a) What are Srxn and Grxn for the above reaction at T = 25. C (including units)? [8 points]
Srxn = [ 2 S(C2H5OH(l)) + 2 S(CO2(g)) ] - [ S(C6H12O6(s)) ]
= [ 2 (160.7) + 2 (213.7) ] - [ (212.1) ] = 536.7 J/molK
Grxn = [ 2 Gf(C2H5OH(l)) + 2 Gf(CO2(g)) ] - [ Gf(C6H12O6(s)) ]
= [ 2 ( - 174.9) + 2 ( - 394.4) ] - [ ( - 910.4) ] = - 228.2 kJ/mol

b) Is the above reaction spontaneous for standard conditions and T = 25. C? Briefly justify your answer.
[4 points]
Since Grxn < 0, the reaction is spontaneous for standard conditions and at T = 25. C.
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