2018 Fall Semester Quiz 5
For General Chemistry I (CH101)
Date: Nov 19 (Mon),
Professor Name

Time: 19:00 ~ 19:45
Class

Student I.D. Number

Name

----------------------------------------------------------------------------------------------------------------------------------------

Use the following constants to solve problems:
Gas constant R = 8.314J/K∙mol = 0.08206atm∙L/K∙mol
T/K = T/°C + 273.15
1 bar = 105 Pa = 100J/L
----------------------------------------------------------------------------------------------------------------------------------------

1. (6 pts, 1 pt each) Fill in the blank with the correct term. Choose from the words given below.
Intensive; extensive; reversible; irreversible; open; closed; isolated; internal energy;
enthalpy; higher; lower; positive; negative
(a) The first law of thermodynamics states that the total energy of any isolated system is
conserved.
(b) Temperature is an intensive property, while volume is an extensive property.

(c) The value of heat transfer in constant pressure processes is equal to the change in enthalpy.

(d) If a nonideal solution has a stronger attraction between solute and solvent molecules than
an ideal solution, this nonideal solution has negative deviation.

(e) It would take an infinite amount of time to reach from one thermodynamic state to another
state during the reversible process.

(f) The boiling point of a solution is higher than that of pure solvent. The freezing point of a
solution is lower than that of pure solvent.

No partial pts
2. (Total 9 pts) Osmotic pressure is useful for measuring molar masses of large molecules like
proteins. Suppose 2.37g of a protein is dissolved in water and diluted to a total volume of 100ml.
The total mass of the solution is 102.2g, and the osmotic pressure of the solution is 0.0319 atm
at 20°C. For water, Kb = 0.512K∙kg/mol.
(a) (2 pts) Calculate molarity of this solution.
𝐜𝐜𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩 =

𝝅𝝅
𝟎𝟎. 𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎
=
= 𝟎𝟎. 𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎
𝑹𝑹𝑹𝑹 (𝟎𝟎. 𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 ∙ 𝒂𝒂𝒂𝒂𝒂𝒂/𝒎𝒎𝒎𝒎𝒎𝒎 ∙ 𝑲𝑲)(𝟐𝟐𝟐𝟐𝟐𝟐. 𝟏𝟏𝟏𝟏𝟏𝟏)

+1 pt for correct equation for osmotic pressure
+1 pt for the correct answer

(b) (2 pts, no partial pts) Calculate the molar mass of this protein.
𝐌𝐌𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩 =

+2 pts for the correct answer

𝟐𝟐. 𝟑𝟑𝟑𝟑𝟑𝟑/𝟎𝟎. 𝟏𝟏𝟏𝟏
= 𝟏𝟏. 𝟕𝟕𝟕𝟕 × 𝟏𝟏𝟎𝟎𝟒𝟒 𝒈𝒈/𝒎𝒎𝒎𝒎𝒎𝒎
𝟎𝟎. 𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎/𝑳𝑳

(c) (2 pts) Calculate molality of this solution.
𝐦𝐦𝐦𝐦𝐦𝐦𝐦𝐦 𝐨𝐨𝐨𝐨 𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰 𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰 = 𝟏𝟏𝟏𝟏𝟏𝟏. 𝟐𝟐𝟐𝟐 − 𝟐𝟐. 𝟑𝟑𝟑𝟑𝟑𝟑 = 𝟗𝟗𝟗𝟗. 𝟖𝟖𝟖𝟖𝟖𝟖

𝐦𝐦𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩 = 𝟐𝟐. 𝟑𝟑𝟑𝟑𝟑𝟑 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑 ×

𝟏𝟏 𝒎𝒎𝒎𝒎𝒎𝒎 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑
𝟏𝟏
×
= 𝟎𝟎. 𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎/𝒌𝒌𝒌𝒌
𝟏𝟏. 𝟕𝟕𝟕𝟕 × 𝟏𝟏𝟎𝟎𝟒𝟒 𝒈𝒈 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑 𝟎𝟎. 𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎 𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘

+1 pt for correct equation for molality
+1 pt for the correct answer

No pts for the correct answer if the wrong equation is used

(d) (3 pts) How much is a boiling point deviated from 100°C (boiling point of pure water)? Why is
osmotic pressure better than boiling point elevation for measuring the molar mass of the protein?
∆𝐓𝐓𝐛𝐛 = 𝑲𝑲𝒃𝒃 × 𝒎𝒎 = (𝟎𝟎. 𝟓𝟓𝟓𝟓𝟓𝟓𝑲𝑲 ∙ 𝒌𝒌𝒌𝒌/𝒎𝒎𝒎𝒎𝒎𝒎) × 𝟎𝟎. 𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎/𝒌𝒌𝒌𝒌 = 𝟔𝟔. 𝟖𝟖𝟖𝟖 × 𝟏𝟏𝟎𝟎−𝟒𝟒 𝑲𝑲

This change is way too small and difficult to measure accurately. Therefore, osmotic pressure
is a much better choice.
+1 pt for correct equation for boiling point elevation
+1 pt for the correct answer
+1 pt for the correct explanation

3. (Total 10 pts) Consider the following redox reaction in acidic solution.
𝟐𝟐+
𝟑𝟑+
𝟑𝟑+
𝐂𝐂𝐫𝐫𝟐𝟐 𝐎𝐎𝟐𝟐−
𝟕𝟕 (𝐚𝐚𝐚𝐚) + 𝐅𝐅𝐞𝐞 (𝐚𝐚𝐚𝐚) → 𝐂𝐂𝐫𝐫 (𝐚𝐚𝐚𝐚) + 𝐅𝐅𝐞𝐞 (𝐚𝐚𝐚𝐚)

(a) (5 pts) Write a balanced equation for this reaction.

Step 1. Write oxidation and reduction reactions separately. Balance the number of elements
other than oxygen and hydrogen.
𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎: 𝐅𝐅𝐞𝐞𝟐𝟐+ (𝐚𝐚𝐚𝐚) → 𝐅𝐅𝐞𝐞𝟑𝟑+ + 𝐞𝐞− (𝐚𝐚𝐚𝐚)

−
𝟑𝟑+
𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑: 𝐂𝐂𝐫𝐫𝟐𝟐 𝐎𝐎𝟐𝟐−
𝟕𝟕 (𝐚𝐚𝐚𝐚) + 𝟔𝟔𝐞𝐞 → 𝟐𝟐𝟐𝟐𝐫𝐫 (𝐚𝐚𝐚𝐚)

Step 2. Balance the number of oxygen using H2O.

𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎: 𝐅𝐅𝐞𝐞𝟐𝟐+ (𝐚𝐚𝐚𝐚) → 𝐅𝐅𝐞𝐞𝟑𝟑+ + 𝐞𝐞− (𝐚𝐚𝐚𝐚)

−
𝟑𝟑+
𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑: 𝐂𝐂𝐫𝐫𝟐𝟐 𝐎𝐎𝟐𝟐−
𝟕𝟕 (𝐚𝐚𝐚𝐚) + 𝟔𝟔𝐞𝐞 → 𝟐𝟐𝟐𝟐𝐫𝐫 (𝐚𝐚𝐚𝐚) + 𝟕𝟕𝐇𝐇𝟐𝟐 𝐎𝐎(𝐥𝐥)

Step 3. Balance the number of hydrogen using H3O+ (acidic).

𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎𝐎: 𝐅𝐅𝐞𝐞𝟐𝟐+ (𝐚𝐚𝐚𝐚) → 𝐅𝐅𝐞𝐞𝟑𝟑+ + 𝐞𝐞− (𝐚𝐚𝐚𝐚)

+
−
𝟑𝟑+
𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑: 𝐂𝐂𝐫𝐫𝟐𝟐 𝐎𝐎𝟐𝟐−
𝟕𝟕 (𝐚𝐚𝐚𝐚) + 𝟏𝟏𝟏𝟏𝐇𝐇𝟑𝟑 𝐎𝐎 (𝐚𝐚𝐚𝐚) + 𝟔𝟔𝐞𝐞 → 𝟐𝟐𝟐𝟐𝐫𝐫 (𝐚𝐚𝐚𝐚) + 𝟐𝟐𝟐𝟐𝐇𝐇𝟐𝟐 𝐎𝐎(𝐥𝐥)

Step 4. Balance the number of electrons and combine the two reactions.

𝟐𝟐+
+
𝟑𝟑+
𝟑𝟑+
𝐂𝐂𝐫𝐫𝟐𝟐 𝐎𝐎𝟐𝟐−
𝟕𝟕 (𝐚𝐚𝐚𝐚) + 𝟔𝟔𝟔𝟔𝐞𝐞 (𝐚𝐚𝐚𝐚) + 𝟏𝟏𝟏𝟏𝐇𝐇𝟑𝟑 𝐎𝐎 (𝐚𝐚𝐚𝐚) → 𝟐𝟐𝟐𝟐𝐫𝐫 (𝐚𝐚𝐚𝐚) + 𝟔𝟔𝟔𝟔𝐞𝐞 (𝐚𝐚𝐚𝐚) + 𝟐𝟐𝟐𝟐𝐇𝐇𝟐𝟐 𝐎𝐎(𝐥𝐥)

+1 pt for each correct step, +1 pt for the correct balanced equation
However, to get a point for each step, all the previous steps should be correct.
e.g. Even if step 2 through 4 are correct, you will get NO points if you got step 1 wrong.
e.g. If you get step 1 through 3 right and 4 wrong, you will get 3 points.
e.g. If you get step 1 and 3 right/ 2 and 4 wrong, you will only get 1 point. No credit for step 3,
because you got step 2 wrong.
(b) (5 pts) A solution is prepared by dissolving 5.134g of K2Cr2O7 in water and diluting to a total
volume of 1.000L. A total of 34.26ml of this solution is required to reach the end point in a titration
of a 500.0ml sample containing Fe2+ (aq). Determine molarity of Fe2+ in the original 500.0ml
solution. (Note: MW of K2Cr2O7 = 294.18g/mol)

+1 pt for the correct mole number of potassium dichromate
+2 pts for the correct mole number of Fe(II) ion
+2 pts for the correct answer

4. (Total 10 pts) At 40°C, the vapor pressure of pure carbon tetrachloride (MW=153.82g/mol) is
0.293 atm and the vapor pressure of pure dichloroethane (MW = 98.96g/mol) is 0.209 atm. A
nearly ideal solution is prepared by mixing 30.0g of carbon tetrachloride with 20.0g of
dichloroethane.
(a) (2 pts) Calcualte the mole fraction of each component in the solution.

+0.5 pt for the correct mole number of each compound
+1 pt for the correct answer

(b) (2 pts) Calculate the total vapor pressure of the solution at 40°C.

+1 pt for any expression that shows Raoult’s law
+1 pt for the correct answer

(c) (3 pts) Calculate the mole fraction of CCl4 in the vapor in equilibrium with the solution.

+1 pt for the equation:
𝐗𝐗 𝐂𝐂𝐂𝐂𝐥𝐥𝟒𝟒,𝒗𝒗𝒗𝒗𝒗𝒗 =

+2 pts for the correct answer

𝑷𝑷𝑪𝑪𝑪𝑪𝒍𝒍𝟒𝟒
𝑷𝑷𝒕𝒕𝒕𝒕𝒕𝒕

(d) (3 pts) If the vapor of this solution is collected and recondensed to form a separate solution,
what will be the mole fraction of CCl4 in the vapor in equilibrium with this new solution at 40°C?
𝐏𝐏𝐭𝐭𝐭𝐭𝐭𝐭 = 𝐏𝐏𝐂𝐂𝐂𝐂𝐥𝐥𝟒𝟒 + 𝐏𝐏𝐂𝐂𝟐𝟐𝐇𝐇𝟒𝟒 𝐂𝐂𝐥𝐥𝟐𝟐 = 𝐗𝐗 𝐂𝐂𝐂𝐂𝐥𝐥𝟒𝟒 𝐏𝐏°𝐂𝐂𝟐𝟐 𝐇𝐇𝟒𝟒𝐂𝐂𝐥𝐥𝟐𝟐 + 𝐗𝐗 𝐂𝐂𝟐𝟐𝐇𝐇𝟒𝟒 𝐂𝐂𝐥𝐥𝟐𝟐 𝐏𝐏°𝐂𝐂𝟐𝟐 𝐇𝐇𝟒𝟒𝐂𝐂𝐥𝐥𝟐𝟐
= (𝟎𝟎. 𝟓𝟓𝟓𝟓𝟓𝟓)(𝟎𝟎. 𝟐𝟐𝟐𝟐𝟐𝟐 𝐚𝐚𝐚𝐚𝐚𝐚) + (𝟏𝟏 − 𝟎𝟎. 𝟓𝟓𝟓𝟓𝟓𝟓)(𝟎𝟎. 𝟐𝟐𝟐𝟐𝟐𝟐 𝐚𝐚𝐚𝐚𝐚𝐚) = 𝟎𝟎. 𝟐𝟐𝟐𝟐𝟐𝟐 𝐚𝐚𝐚𝐚𝐚𝐚
𝐗𝐗 𝐂𝐂𝐂𝐂𝐥𝐥𝟒𝟒,𝐯𝐯𝐯𝐯𝐯𝐯 =

𝟎𝟎. 𝟓𝟓𝟓𝟓𝟓𝟓(𝟎𝟎. 𝟐𝟐𝟐𝟐𝟐𝟐 𝐚𝐚𝐚𝐚𝐚𝐚)
= 𝟎𝟎. 𝟔𝟔𝟔𝟔𝟔𝟔
𝟎𝟎. 𝟐𝟐𝟐𝟐𝟐𝟐 𝐚𝐚𝐚𝐚𝐚𝐚

+1 pt for the correct vapor pressure value
+2 pts for the correct mole fraction

5. (5 pts) Iron pellets with total mas 17.0g at a temperature of 92.0°C are mixed in an insulated
container with 17.0g water at temperature of 20°C. The specific heat capacity of water is 10 times
greater than that of iron. What is the final temperature of the container?

+2 pts for any expression that shows:

+3 pts for the correct answer

𝐦𝐦𝐜𝐜𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢 ∆𝐓𝐓 = −𝐦𝐦𝐜𝐜𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰 ∆𝐓𝐓

