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Today’s Agenda (Day 131)
	
1. HOUSEKEEPING ITEMS
  BRING: 
2. Homework Check:
 Chapter 17 Vocabulary
 

3. Class Activity: 
 MONDAY: Labs – Ch 17 Launch and Mini; Ch 16 Chem Lab
DAY 1: Chapter 17 PPT Review
a) Section 17.1 – A State of Dynamic Balance
b) Section 17.2 – Factors Affecting Chemical Equilibrium
c) Section 17.3 – Using Equilibrium Constants

HOMEWORK:
· READ: Chapter 17 – Chemical Equilibrium
· COMPLETE: 
· STUDY: Ch 17 Test

CHAPTER 17 VOCABULARY
	chemical equilibrium
	common ion
	common ion effect
	equilibrium constant
	heterogeneous equilibrium
	homogeneous equilibrium

	law of chemical equilibrium
	Le Chatelier's principle
	reversible reaction
	solubility product constant
	
	



REMINDERS:
· TEST: Ch 17  March 28
   


CHEMISTRY 2022-23											LAUNCH LAB

CHAPTER 17 LAUNCH LAB – What is Equal About Equilibrium?
Equilibrium is a point of balance in which opposing changes cancel each other.	
	[image: ]
Procedure [image: ]
1. Read and complete the lab safety form. 
2. Measure 20 mL of water in a graduated cylinder and pour it into a 100-mL beaker. Fill the graduated cylinder to the 20-mL mark with water. Add two drops of food coloring to the water in each container. 
3. Obtain two glass tubes of equal diameter. Place one tube in the graduated cylinder and the other in the beaker. 
4. Work with a partner. With the ends of the tubes at the bottoms of their containers, cover the open ends of the glass tubes with your index fingers so that water becomes trapped in the tubes. Simultaneously, move each tube to the other container and release your fingers to release the water. 
5. Repeat the transfer process about 25 times. Record your observations.

Analysis
1. Describe your observations during the transfer process. 
2. Explain Would the final result be different if you had continued the transfer process for a longer time?
Inquiry
Could you illustrate equilibrium using glass tubes of different diameters? Explain. 

CHEMISTRY 2022-23											MINI LAB

CHAPTER 17 MINI LAB – Observe Shifts in Equilibrium
If a stress is placed on a reaction at equilibrium, how will the system shift to relieve the stress?
Procedure [image: ]
1. Read and complete the lab safety form. 
2. Place about 2 mL of 0.1M CoC l2 solution in a test tube. Record the color of the solution.
3. Add about 3 mL of concentrated HCl to the test tube. Record the color of the solution. 
WARNING: HCl can burn skin and clothing. 
4. Add enough water to the test tube to make a color change occur. Record the color. 
5. Add about 2 mL of 0.1M CoC l 2 to another test tube. Add concentrated HCl a drop at a time until the solution turns purple. If the solution becomes blue, add water until it turns purple. 
6. Place the test tube in an ice bath that has had some table salt sprinkled into the ice water. Record the color of the solution in the test tube. 
7. Place the test tube in a hot water bath. Use a nonmercury thermometer to determine that the temperature is at least 70ºC. Record the solution’s color.
Analysis
1. Interpret Use the equation for the reaction you just observed to explain your observations of color in Steps 2–4. The equation is as follows. 
Co(H2O ) 6 2+ + 4C l - ⇌ CoC l4 2- + 6 H2O pink blue 
2. Describe how the equilibrium shifts when energy is added or removed. 
3. Interpret From your observations of color in Steps 6 and 7, determine whether the reaction is exothermic or endothermic.

CHEMISTRY 2022-23									PROBLEM-SOLVING LAB 

CHAPTER 17 Problem Solving Lab – Apply Scientific Explanations

How does the fluoride ion prevent tooth decay? During the last half century, tooth decay has decreased significantly because minute quantities of fluoride ion (6 × 1 0 -5 M) are being added to most public drinking-water systems, and most people are using toothpastes containing sodium fluoride or tin(II) fluoride. Use what you know about the solubility of ionic compounds and reversible reactions to explore the role of the fluoride ion in maintaining cavity free teeth.
		[image: ]
Analysis
Enamel, the hard, protective outer layer of the tooth, is 98% hydroxyapatite (Ca5(PO4)3OH). Although insoluble in water (Ksp = 6.8 × 1 0-37), demineralization, which is the dissolving of hydroxyapatite, does occur, especially when the saliva contains acids. The reverse reaction, remineralization, also occurs. Remineralization is the redepositing of tooth enamel. When hydroxyapatite is in solution with fluoride ions, a double-replacement reaction can occur. A fluoride ion replaces the hydroxide ion to form fluorapatite (C a5(PO4)3F),( Ksp = 1 × 1 0-60). Fluorapatite remineralizes the tooth enamel, thus partially displacing hydroxyapatite. Because fluorapatite is less soluble than hydroxyapatite, destructive demineralization is reduced. 
Think Critically
1. State the equation for the dissolving of hydroxyapatite and its equilibrium constant expression. How do the conditions in the mouth differ from those of a true equilibrium? 
2. State the equation that describes the double-replacement reaction that occurs between hydroxyapatite and sodium fluoride. 
3. Calculate the solubility of hydroxyapatite and fluorapatite in water. Compare the solubilities. 
4. Calculate the ion product constant (Qsp) for the reaction if 0.00050M NaF is mixed with an equal volume of 0.000015M Ca5(PO4)3OH. Will a precipitate form (re-mineralization)
 CHEMISTRY 2022-23									PRACTICE PROBLEM
CHAPTER 17 – Chemical Equilibrium
Practice Problems 17.1 – Equilibrium Constant Expressions for Homogenous Equilibria

[image: ]

Practice Problems 17.2 – Equilibrium Constant Expressions for Heterogenous Equilibria
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Practice Problems 17.3 – The Value of Equilibrium Constants
[image: ]

Practice Problems 17.4 – Calculating Equilibrium Concentrations 
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Problems 17.5 – Calculating Molar Solubility
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Problems 17.6 – Calculating Ion Concentration
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Problems 17.7 – Predicting a Precipitate
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CHEMISTRY 2022-23											CHEM LAB 16
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1. Write equilibrium constant expressions for these equilibria.
a. N;04(@) = 2NO,(q)
b. 2H:S(g) = 2Ho(g) + Salg)
€. CO(@) + 3Ha(g) = CHa(g) + H,0(0)
d. 4NHs(g) + 50(g) = 4NO(g) + 6H:0(g)
e. CHa(@) + 2H;S(g) = CSa(g) + 4Ha(g)
2. Challenge Wiite the chemical equation that has the equilibrium

constant o K~ 53
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3. Wite equilibrium constant expressions for these heterogeneous
equilibria.

a. CigHa(s) = CioHa()

b. H,00) = H,0(g)

©. CaCOy(s) = CaO(s) + CO,(g)

d. CE) + H,0(g) = CO(g) + Ho(@)
e. FeO(s) + CO(g) = Fe(s) + CO,(g)

4. Challenge Solid iron reacts with chiorine gas to form solid iron(ill
chloride (FeClz). Write the balanced equation and the equilibrium
constant expression for the reaction.
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5. Calculate Keq for the equilibrium in Practice Problem 1a on page 601 using the data
[N0,] = 0.0185 mol/L and [NO,] = 0.0627 mol/L.
6. Calculate Keq for the equilibrium in Practice Problem 1c on page 601 using the data
[CO] = 0.0613 mol/L, [H,] = 0.1839 mol/L, [CHu] = 0.0387 mol/L, and [H.0] = 0.0387 mol/L.
7. Challenge The reaction COCI(g) = CO(g) + Cl; (g) reaches equilibrium at 900 K.
Kea is 8.2 x 102 If the equilibrium concentrations of CO and CI are 0.150M, what is the
equilibrium concentration of COCI?
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18. Ata certain temperature, Kea = 105 for the equilibrium CO(g) + 2H;(g) = CH;OH().
Calculate the following concentrations:
a. [COJ in an equilibrium mixture containing 0.933 mol/L H; and 132 mol/L CH;OH
b. [Hz] in an equilibrium mixture containing 1.09 mol/L CO and 0.325 mol/L CH;OH
€. [CH;OH in an equilbrium mixture containing 00661 mol/L H and 385 mol/L CO

19. Challenge In a generic reaction A + B<= C + D, 1.00 mol of A and 1.00 mol of B
are allowed to react in a 1-L flask until equilibrium is established. If the equilibrium
concentration of A is 0.450 m/L, what is the equilibrium concentration of each of the
other substances? What is Kec?
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20. Use the data in Table 17.3 to calculate the solubilit in mol/L of the following ionic
compounds at 298 K.
a. PbCiO, b. AgCl €. CaCOs

21. Challenge The Ks; of lead carbonate (PbCOs) is 740 x 10 at 298 K What s the
solubiliy of lead carbonate in g/L?





image10.png
PRACTICE P

22. Use Kip values from Table 17.3 to calculate the following.
a. [Ag*]in a solution of AgBr at equilibrium
b. [F-] in a saturated solution of CaF
€. [Ag*]in a solution of Ag;CrO, at equilibrium

23. Calculate the solubility of Ag,PO, (K = 26 x 10-19).

24. Challenge The solubiliy of silver chioride (AGC]) is 1.86 x 10 g/100 g of H.0 at 298 K.
Calculate the Kip for AgC.
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25. Use Kep values from Table 17.3 to predict whether a precipitate will form when equal
volumes of the following solutions are mixed.

. 0.10M Pb(NO,); and 0.030M NaF
b. 025M KS0, and 0.010M AGNO;

26. Challenge Will a precipitate form when 250 mL of 0201 MgCl, is added to 750 mL of
0.0025M NaOH?
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CHEMLAB

'OBSERVE HOW CONCENTRATION AFFECTS REACTION RATE )

Background: Collision theory describes how a
change in concentration of one reactant affects
the rate of a chemical reaction.

Question: How does the concentration of a reactant

affect the reaction rate?

Materials

10-mL graduated pipette

safety pipette filler

6M hydrochloric acid

distilled water

25-mm X 150-mm test tubes, labeled 1-4
test-tube rack

‘magnesium ribbon

emery cloth o fine sandpaper

plastic ruler
tongs.

watch with second hand or stopwatch
stirring rod

Safety Precautions T Il i I8 Il
T

WARNING: Never pipette any chemical by mouth.
Hydrochloric acid i corrasive. Avoid contact with skin

and eyes.

Procedure

1. Read and complete the lab safety form.

2. Use a safety pipette to draw 10 mL of 6.0M hydro-
chloric acid (HC) into  10-mL graduated pipette

3. Dispense the 10 mL of 6.0M HCl into Test Tube 1.

4. Draw 5.0 mL of the 6.0M HCI from Test Tube |
with the pipette. Dispense this acid into Test Tube 2.
Use the pipette to add an additional 5.0 mL of
distilled water. Mix with the stiring rod. This
solution is 3.0M HCL.

5. Draw 5.0 mL of the 3.0M HCI from Test Tube 2 and
dispense it into Test Tube 3. Add 5.0 mL of disilled
water and sir. This solution is 1.5M HCL

6. Draw 5.0 mL of the 1.5M HCI from Test Tube 3 and
dispense it into Test Tube 4. Add 5.0 mL of disilled
water and stir. This solution is 0.75M HCL

7. Draw 5.0 mL of the 0.75M HCl from Test Tube 4.
Neutralize and discard itin the sink.

584 Chapter 16 » Reaction Rates.

found st gencor com.

;—’\—“

8. Using tongs, place a 1-cm length of magnesium
ribbon into Test Tube 1. Record in your data table:
the time in seconds it takes for the bubbling to stop.

9. Repeat Step 8 using the remaining three test tubes.
Record the time in seconds it akes for the bubbling
1o stop in each test tube.

10. Cleanup and Disposal Place acid solutions in an
acid discard container. Thoroughly wash alltest
tubes and lab equipment. Discard other materials as
directed by your teacher. Return all ab equipment
toits proper place.

Analyze and Conclude

1. Make a Graph Plot the concentration ofthe acid
o the x-axis and the reacton time on the y-axis.
Dravea smooth curve through the ata points.

2. Conclude Based on your graph, wht s the rela-
Gonship between the acid concentration and the
reacton rate?

3. Hypothesize Writea hypothesis using collson
theory resction ate, and reactant concentration to
explain your results.

4. Exror Analysis Compare your experimental results
‘with those of other students in the laboratory.
Explain the differences.

INQUIRY EXTENSION

Design an Experiment Based on your observations
and results, would temperature variations affect
reaction rates? Plan an experiment to test your
hypothesis.
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'COMPARE TWO SOLUBILITY PRODUCT CONSTANTS ','

ckground: By observing the formation of two
precipitates in the same system, you can infer the.
relationship between the solubilities of the two
ionic compounds and the numerical values of their
solubility product constants (KGy).

Question: How can you use Le Chitelier’s principle to
evaluate the relative solubilties of two precipitates?

Materials

AgNO; solution
NaCl solution

NasS solution
24-well microplate
thin-stem pipettes (3)

Safety Precautions T Il i =8 B
WARNING: Slver nitrate s highly tosic and will tin
skin and clothing. Sodium sulfde s a skin rrtant and
should be kept away from acds.

Procedure

1. Read and complete the lab safety form.

2. Place 10 drops of AGNO solution in Well Al of a
24-well microplate. Place 10 drops of the same.
solution in Well A2.

3. Add 10 drops of NaCl solution to Well A1 and 10
drops to Well A2

4. Allow the precipitates to form. Observe the wells
from the top and the side and record your
observations.

5. To Well A2, add 10 drops of NaS salution.

6. Allow the precipitate to form. Record your observa-
tions of the precipitate.

7. Compare the contents of Wells A1 and A2, and
record your observations.

8. Cleanup and Disposal Use a wash bottle to transfer
the contents of the well plate into a waste beaker.

Analyze and Conclude
1. Analyze Write the complete equation for the
reacton that occurred when you mixed NaCl and.
AgNO in Step 3. Writ the net onic equation.
2. Analyze Wrtethe soubilty product constant
expresson for the equilibrium established in Well
Aland A2 in Step 3. Kp (AgCl) = 1.8 x 1010,

3. Analyze Write the equation for the equilibrium that
was established in Well A2 when you added NasS.
Ko (Ag:S) = 8 x 104

4. Identify the two precipitates by color.

5. Compare the K.y values for the two precipitates.
‘Which of the two ionic compounds is more soluble?

6. Recognize Cause and Effect Use Le Chateler’s
principl to explain how the addition of NaxS in
Step 5 affcted the equilibrium established in
Well A2

7. Calculate the molar solubilitis of the two precipi-
tates using the Kip values. Which of the precipitates
s more soluble?

8. dentify What evidence from this experiment sup-
ports your answer to Question 72 Explain.

9. Error Analysis Compare your observations of the
well plate from the side with your observations from
the top. What did you notice?

10. Research how industries use precipitation to remove.
‘hazardous chemicals from wastewater.

INQUIRY EXTENSION

Soluble . Insoluble The reactants that you used in
this ChemLab are al soluble ionic compounds, and.
the precipitates are insoluble. How does soluble:
NauS differ from insoluble Ag;5? How does soluble
NaCl differ from insoluble AgCI? Use this informa-
tion, Ky data from Table 17.3, and other reference
sources to develop general rules for solubilty:
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chemical  equilibrium  common ion  common ion effect  equilibrium  constant  heterogeneous  equilibrium  homogeneous  equilibrium  
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