Recitation Worksheet 8: Chemical Equilibrium Il (13.6 —13.7, 17.8 — 17.9)
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Instructions:
1. Please enter your first and last name as it appears on the eLC classlist (do not use a nickname).

2. Your UGA mylD is a combination of letters and numbers (example: Dr. Abdelrahman MyID is
ema88805). Do not use your 81x number.

a. If you do not have access to a printer, type your answers in the worksheet PDF and then
upload it to Gradescope by Friday, March 24t at 11:59 pm. Write your work on separate
sheets of paper, convert to a PDF and upload to the "Recitation Worksheet 8 Dropbox" on eLC.

b. If you are using an app to annotate the worksheet, make sure the pages are in the correct
order and have the same layout as the original or Gradescope will not be able to read it.

c. If you have access to a printer, print out the worksheet, write your answer in the answer boxes,
and show your work on it when appropriate. Then convert it to a PDF and upload to
Gradescope by Friday, March 24" at 11:59 pm. You do not need to upload anything to eLC.
The pages must be in the correct order and have the same layout as the original, or
Gradescope will not be able to read it.

d. There is a Gradescope App available for both iOS and Android devices that allows you to
scan and submit your printed work or you can submit your fillable PDF directly. Detailed
instructions on how to access and use the app can be found on your CHEM 1212 class eL.C
page under content — Welcome module — Gradescope — Gradescope new mobile app.

3. Answers must be written in the corresponding answer box, or no credit will be awarded.

4. The instructions for uploading worksheets to Gradescope can be found in the Content area of eLC
in the Welcome Module.

1. Phosgene, a colorless toxic gas (COCI2) used in the synthesis of dyes and resins can be
synthesized using carbon monoxide and chorine gases represented by the equilibrium reaction
below

CO(g) + Cl2(g) = COClx(g) Ko =1.2 x 10% at 395 °C

If 4.20 g CO(g) and 10.6 g Cl2(g) are injected in a 3.25 L flask, what is the equilibrium
concentration of (please use scientific notation and keep your answers to 3 significant fiqures):
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2. A mixture of 0.250 mol H2(g) and 0.250 mol I2(g) in a 4.05 L flask is represented by the

reaction below
H2(g) + 12(g) = 2 HI(g) Kc=50.2

Calculate the equilibrium concentrations of (please use scientific notation and keep your

answers to 3 significant figures):
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3. Which of the statements is true regarding the equilibrium reaction A(s) = B(s) + 2 C(g) + > D(g)
AH =07

A. The addition of excess solid A(s) at equilibrium will not have any effect on

B the equilibrium mixture.

B. If the volume of the equilibrium mixture is decreased by doubling the
pressure, the system shifts to the left to reestablish equilibrium. L~

C. Increasing or decreasing the temperature will not affect the equilibrium
constant, Kc, for this reaction. &~

D. If Ne(g) is introduced to the equilibrium reaction at constant volume, it will
have no effect on the equilibrium position.

@ All of the statements above are true. (-~
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4. For the hypothetical equilibrium reaction
A(g) + B(g) = C(g) + D(g) Kc=4.0

If you start with 0.373 M A(g), 0.396 M B(g), 0.552 M C(g), and 3.95 M D(g), what is the

equilibrium concentration of C(g) and D(g)? Keep your answers to 3 significant figures.
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5. If lead metal is added to a 0.100 M Cr3*(aq) solution. What are the concentrations of Pb2*(aq),
Cr?*(aq), and Cr3*(aq) when the reaction is at equilibrium? (Please use scientific notation and
keep your answers to 3 significant figures): , Lo conotant CLprod Ty
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. The equilibrium reaction for the synthesis of 1,2 dichloroethane is given below
C2H4(g) + Cl2(g) = C2H4Cl2(g) AH =-1244 kJ/mol
25l lg) | aw G)
To maximize the amount of C2H4Cl2(g) produced, which of these strategies might be applied?
Assume the reaction is at equilibrium. Select all that apply. Insert letters without spaces in the
answer box, example ABCD.

. Increasing the reaction volume
600 B. Removing C2H4Cl2(g) from the Wion mixture as it forrﬁ(
C. Adding Cl2(g)

D, Lowering the reaction temperature /

K. None of the choices above will increase the amount of C2H4Cl2(g) produced
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. You are given the information below for the equilibrium reaction between sulfur dioxide and

oxygen to produce sulfur trioxide at 25 °C
2 SO2(g) + O2(g) = 2 SO3(g)
AG°t(kJ/mol) -300.2 0.0 -3711

If SO2(g) has a partial pressure is 1.0 x 10 atm, O2(g) is 0.20 atm, and SOz3(g) is 0.10 atm,
calculate AGmxn. Keep your answer to three significant figures.
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8. The equilibrium mixture at 1000 K for the reaction COz2(g) + Hz2(g) = CO(g) + H20(g) contains
0.276 atm H2(g), 0.276 atm CO2(g), 0.224 atm CO(g), and 0.224 atm H20(g). Determine:

A. The equilibrium constant, Kp. Keep your answer to three significant figures.
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B. AG°xn at 1000 K. Keep your answer to three significant figures.
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C. Does the reaction proceed towards products or reactants at 1000 K if a mixture contains
0.0750 atm CO2(g), 0.095 atm Hz(g), 0.0340 atm CO(g), and 0.0650 atm H20(g)?

@ The reaction proceeds towards products

T . The reaction proceeds towards reactants

Il. The reaction is at equilibrium
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Two equations can be written for the dissolution of Mg(OH)2(s) in acidic solution

Equation 1: Mg(OH)2(s) + 2 H*(aq) = Mg?*(aq) + 2 H20(1)
Equation 2: - Mg(OH)z(s) + H*(aq) = 3 Mg?*(aq) + H20())

Which of the statements below is/are correct regarding the relationship between the two

equations? Select all that apply. Insert letters without spaces in the answer box, example
ABCD.

AC @ If AG°mn for equation 1 is —95.5 kd/mol therefore AG°m«n for equation 2 will be
—47.8 kd/mol
B. If AG°xnfor equation 1 is —95.5 kJ/mol therefore AG°wn for equation 2 will be
9120 kJ/mol

@ K1, the equilibrium constant for equation 1 is the square of Kz, the
equilibrium constant for equation 2

D. Ki, the equilibrium constant for equation 1 is the square root of K2, the
equilibrium constant for equation 2

E. None of the above statements is/are correct

Equation 1: Mg(OH)x(s) + 2 H*(aq) = Mg?*(aq) + 2 H20(l) Aé_ﬁ«m =-95.5 m::qnx\
Equation 2:  Mg(OH)z(s) + H'(aq) = 1 Mg'(aq) + H:0() AGan = -95-5 H[ by
651“5%2 o quot s = -4F3TR5%
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Equation 1: Mg(OH)z(s) + 2 H*(aq) = Mg?*(aq) + 2 Hz0(l)
Equation 2: } Mg(OH)z(s) + H'(aq) =2 Mg?'(aq) + H20())

One of the processes used in the production of chlorine gas is the Deacon process given by
the equation below

4 HCI(g) + O2(g) = 2 H20(g) + 2 Cl2(g) ArH® =-114 kJ/mol

If the reaction mixture is brought to equilibrium at 400 °C, which of the changes below will
cause the system to increase the amount of Cl2(g)? Select all that apply. Insert letters without
spaces in the answer box, example ABCD.
@ Cooling the reaction below 400 ‘@/
ABO |B Additional moles of HCI gas added to the syster
C. Increasing the volume of the syst

) Increasing the pressure of the system
E. Addition of a catalyst
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11. The free energy change of the reaction A(g) — B(g) is zero under certain conditions. The
andard free energy of the reaction is -42.5 kJ. Which statement is true about the reaction? o
Select all that apply. Insert letters without spaces in the answer box, example ABCD. > AH =

@ The concentration of the product is greater than the concentration of the 425
AP reactant. AGFMLO . kD1 k He otowron o prdutt fanvel
The reaction is at equilibrium. £ &/ = O

_GC: The concentration of the reactant is greater than the concentration of the
AGH=0 product. a~e g0 A

_B~ None of the above statements is correct.
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12. For the reaction N204(g) = 2 NO2(g), AH° = +57.2 kJ/mol and K= 0.113 at 25 °C, what is the
value of

A. KatO0 °C. Keep your answer to three significant figures and use scientific notation.
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B. At what temperature will K= 1.00? Keep your answer to three significant figures.
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