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[TP] At 25 ℃, 0.10 mol each of a strong acid and OH− are combined in 1.0 L of water. The pH of the solution is …1. < 72. = 73. > 74. Further information needed
25%25%25%25%
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• Review: [H3O+] when “just enough” base added
• [H3O+] when “too much” base added;
• How much strong acid remains unreacted?Next: Titration: Adding successive amounts of base; Practice: Too little, just enough, too much?; [H3O+] when different amounts of “not enough” base added

Review: [H3O+] when “just enough” base added
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Copyright © 2019 Dan Dill dan@bu.edu [Quiz] At 25 ℃, Vb = 200. mL of cb = 0.30 M of OH− is combined with Va = 100. mL of ca = 0.60 M of HA, ܭୟ = 4.0 × 10−6 and ܭୠ ୵ܭ = ୟܭ / = 2.5 × 10−9.The equilibrium value of [OH−] is …1. 2.0 × 10ିସ2. 2.2 × 10ିହ3. 4.0 × 10ି଺ 4. 1.0 × 10ି଻5. 2.5 × 10ିଽ6. Something else

17%17%17%17%17%17%

Copyright © 2019 Dan Dill dan@bu.eduLecture 20 CH102 A2 (MWF 11:15 am) Spring 2019

7



Lecture 20 CH102 A2 (MWF 11:15 am) Spring 2019 3/20/2019 7:58 AM

Copyright © 2019 Dan Dill dan@bu.edu 2

Step 2: [H3O+] when “just enough” base addedAt 25 ℃, Vb = 200. mL of cb = 0.30 M of OH− is combined with Va = 100. mL of ca = 0.60 M of HA, ܭୟ = 4.0 × 10−6 and ܭୠ ୵ܭ = ୟܭ / = 2.5 × 10−9.
Lecture 20 CH102 A2 (MWF 11:15 am) Spring 2019

8

Copyright © 2019 Dan Dill dan@bu.edu

A−(ܽݍ) HA(ܽݍ) OH−(ܽݍ) QInitial 0.20 0 10−7 ୠChangeEquilibriumApproximateܭ > 0

Step 2: [H3O+] when “just enough” base addedAt 25 ℃, Vb = 200. mL of cb = 0.30 M of OH− is combined with Va = 100. mL of ca = 0.60 M of HA, ܭୟ = 4.0 × 10−6 and ܭୠ ୵ܭ = ୟܭ / = 2.5 × 10−9.
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A−(ܽݍ) HA(ܽݍ) OH−(ܽݍ) QInitial 0.20 0 10−7 ୠChangeܭ > 0 ݔ− ݔ+ Equilibriumݔ+ 0.20 − ݔ ݔ 10−7 + ݔ ୠApproximateܭ ≈ 0.20 ݔ ≈ ݔ ୠܭ

Step 2: [H3O+] when “just enough” base addedAt 25 ℃, Vb = 200. mL of cb = 0.30 M of OH− is combined with Va = 100. mL of ca = 0.60 M of HA, ܭୟ = 4.0 × 10−6 and ܭୠ ୵ܭ = ୟܭ / = 2.5 × 10−9.

[OH−] = ݔ = ୠܭ × [Aି] = 2.5 × 10ିଽ × 0.20 = 2.2 × 10−5[H3O+] = ܭ୵ / [OH−] = ଵ.଴×ଵ଴షభరଶ.ଶ×ଵ଴షఱ = 4.5 × 10−10
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A−(ܽݍ) HA(ܽݍ) OH−(ܽݍ) QInitial 0.20 0 10−7 ୠChangeܭ > 0 ݔ− ݔ+ Equilibriumݔ+ 0.20 − ݔ ݔ 10−7 + ݔ ୠApproximateܭ ≈ 0.20 ݔ ≈ ݔ ୠܭ

[H3O+] when “too much” base added
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Step 2: [H3O+] when “too much” base addedVb = 200. mL of cb = 0.30 M of OH− is combined with Va = 200. mL of ca = 0.20 M of HA, ܭୟ = 1.0 × 10−6 and ܭୠ ୵ܭ = ୟܭ / = 1.0 × 10−8 .
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Step 2: [H3O+] when “too much” base addedVb = 200. mL of cb = 0.30 M of OH− is combined with Va = 200. mL of ca = 0.20 M of HA, ܭୟ = 1.0 × 10−6 and ܭୠ ୵ܭ = ୟܭ / = 1.0 × 10−8 .Step 1 results: Ignoring acid-base equilibrium, after the limiting reagent reaction is complete, the  resulting concentrations of HA, A−, and OH− are …[HA] = [A−] = [OH−] =
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Step 2: [H3O+] when “too much” base addedVb = 200. mL of cb = 0.30 M of OH− is combined with Va = 200. mL of ca = 0.20 M of HA, ܭୟ = 1.0 × 10−6 and ܭୠ ୵ܭ = ୟܭ / = 1.0 × 10−8 .Step 1 results: Ignoring acid-base equilibrium, after the limiting reagent reaction is complete, the  resulting concentrations of HA, A−, and OH− are …[HA] = 0[A−] = ௖౗௏౗௏౗ା௏ౘ = ଴.଴ସ଴ ୫୭୪଴.ସ଴଴ ୐ = 0.10 M
[OH−] = ௖ౘ௏ౘି௖౗௏౗௏౗ା௏ౘ = (଴.଴଺଴ି଴.଴ସ଴) ୫୭୪଴.ସ଴଴ ୐ = 0.050 M (“too much” base added)
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Step 2: [H3O+] when “too much” base addedIf conjugate base and excess [OH−] are both present, then always work withA−(ܽݍ) + H2O(݈) ⇄ HA(ܽݍ) + OH−(ܽݍ), ܭୠ = ୟܭ/୵ܭ
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Step 2: [H3O+] when “too much” base addedܸb = 200. mL of ܿb = 0.30 M of OH− is combined with ܸa = 200. mL of ܿa = 0.20 M of HA, ܭୟ = 1.0 × 10−6 and ܭୠ ୵ܭ = ୟܭ / = 1.0 × 10−8 .

[OH−] = ?[H3O+] = ?[HA] = ?
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A−(ܽݍ) HA(ܽݍ) OH−(ܽݍ) ܳInitialChangeEquilibriumApproximate

Step 2: [H3O+] when “too much” base addedVb = 200. mL of cb = 0.30 M of OH− is combined with Va = 200. mL of ca = 0.20 M of HA, ܭୟ = 1.0 × 10−6 and ܭୠ ୵ܭ = ୟܭ / = 1.0 × 10−8 .

[OH−] = 0.050 (easy!)[H3O+] = ܭw / [OH−] = ଵ.଴×ଵ଴షభర଴.଴ହ଴ = 2.0 × 10−13[HA] = ݔ = ௄ౘ[୅ష][୓ୌష] = ଵ.଴×ଵ଴షఴ×଴.ଵ଴଴.଴ହ଴ = 2.0 × 10−8 (tiny!)
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A−(ܽݍ) HA(ܽݍ) OH−(ܽݍ) ܳInitial 0.10 0 0.050 0Change ݔ− ݔ+ Equilibriumݔ+ 0.10 − ݔ ݔ 0.050 + ݔ ୠApproximateܭ ≈ 0.10 ݔ ≈ 0.050 ୠܭ

Unreacted strong acidStrong acids have ܭa ≫1 and so react with water with nearly 100% yield.However, there must always be some unreacted acid.Let’s see how to calculate the molarity of unreacted acid.
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Revised initial method for strong acidAn acid, HA, has ܭa = 1 x 105. Calculate the molarity of unreacted HA(ܽݍ) in a 0.02 M solution of HA.[H3O+] = ?[Aି] = ?
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Revised initial method for strong acidAn acid, HA, has ܭa = 1 x 105. Calculate the molarity of unreacted HA(ܽݍ) in a 0.02 M solution of HA.[H3O+] = 0.02[Aି] = 0.02
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Revised initial method for strong acidAn acid, HA, has ܭa = 1 x 105. Calculate the molarity of unreacted HA(ܽݍ) in a 0.02 M solution of HA.[H3O+] = 0.02[Aି] = 0.02[HA] = ?
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Revised initial method for strong acidAn acid, HA, has ܭa = 1 x 105. Calculate the molarity of unreacted HA(ܽݍ) in a 0.02 M solution of HA.[H3O+] = 0.02[Aି] = 0.02[HA] = 4 × 10ିଽ
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