Chemistry 1020, Module 15A Name

Study Guide for Module 15A—Acids & Bases |||

Reading Assignment: Sections 4.8, 14.7, 15.1, 15.2, 15.3, 15.4, 15.5 and 15.8 in Chemistry, 6th Edition
by Zumdahl.

Guide for Your Lecturer:

Review of Acids and Bases from Previous Modules

Calculation of the pH or pOH of a Solution of a Weak Acid or Base AGAIN
An Overview of Buffers

Calculation of the pH of a Buffer Solution

A Review of Acid-Base Titration

Titration Curves

Calculation of the pH or pOH at a Point During a Titration—AGAIN
Amphoterism

Polyprotic Acids

An Introduction to Formation and Dissociation Expressions
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Note: [ indicates problemsto be stressed on drill quizzes and hour exams.
m Review of Acids and Bases from Previous Modules
1a) Which of the following is the stronger acid? Explain your answer.
S. hydrofluoric acid or benzoic acid
Kga for HF = 7.0%1074; Kg for benzoic acid = 6.6%10°2
7.0*1074 > 6.6*107° so HF is a stronger acid

A. acetic acid or benzoic acid

B. hydrocyanic acid or hydrofluoric acid

C. formic acid or acetic acid

D. benzoic acid or formic acid

E. nitrousacid or formic acid

F. benzoic acid or hypochlorous acid
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Chemistry 1020, Module 15A

m Review of Acids and Bases from Previous Modules (continued)

1b) For each of the following substances, write a balanced equation showing how the substance dissociates when
placed in water. Then use the magnitude of the equilibrium expression to indicate the rel ative amounts of each
of the speciesin the balanced equation.

S.

acetic acid

-Bdanced equation for
dissociation in water:

CH3COOH(aq) + HoO & CH3COO0"(aq) + H30%(aq)

-Relative amounts each
Species.

Kg = 1.8*10™° << 1 Therefore, much more CH3COOH
than CH3COO" or H3O" in the solution at equilibrium.

hydrofluoric
acid

-Baanced equation for
dissociation in water:

-Relative amounts each
SpECi€es.

nitric acid

-Bdanced equation for
dissociation in water:

-Relative amounts each
Species.

ammonia

-Bdanced equation for
dissociation in water:

-Relative amounts each
Species.

hydrocyanic
acid

-Baanced equation for
dissociation in water:

-Relative amounts each
SpECi€es:

CH3NH2

-Bdanced equation for
dissociation in water:

-Relative amounts each
Species.

propionic
acid

-Bdanced equation for
dissociation in water:

-Relative amounts each
Species.

hydrochloric
acid

-Baanced equation for
dissociation in water:

-Relative amounts each
SpECi€es:
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Chemistry 1020, Module 15A Name

OO OmCalculation of the pH or pOH of a Solution of a Weak Acid or Base AGAIN
2a) Work theindicated problem using and INITIAL/CHANGE/FINAL chart. (Thisisareview from Module 14B.)
S. What isthe pH of a0.52 M solution of acetic acid?

sFormulaz CH3COOH *Typecmpd: acid *Strength: weak
Prediction of pH: pH<7 Reason for prediction: CH3COOH is an acid.
CH3COOH + HpO & CH3COO" + H30% x2 = 0.52*(1.8*10-°) = 9.36*1076
initial 0.52 0 0
D X +X +X X = 3.06*10"3
final 0.52 - x +X +X

x _ 3.06*1073

. — -5 . -
Kga for acetic acid = 1.8*10 Check: 052- 052 - 0.0059
_[CH3COOH30"] _ & X
a= [CH3COOH] =1.8*107° = 052 - x < 0.05 so ok
Assume 0.52 >>x so 0.52 -x» 0.52 Therefore, [H*] = 3.06*103 M
Therefore, equation reduces to 1.8¥10°° = OX5X2 pH = -log[H*] = —Iog(3.06*10'3) =251

Agree with prediction: pH<7 as predicted

A. What isthe pOH of a0.19 M solution of benzoic acid?

sFormula: *Type cmpd: *Strength:
Prediction of pOH: Reason for prediction:
Agree with prediction:
B. What isthe pH of a0.26 M solution of hydrocyanic acid?
sFormula: *Type cmpd: *Strength:
Prediction of pH: Reason for prediction:
Agree with prediction:
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Chemistry 1020, Module 15A

OO OmCalculation of the pH or pOH of a Solution of a Weak Acid or Base AGAIN (continued)
2a) Work the indicated problem using and INITIAL/CHANGE/FINAL chart.
C. What isthe pOH of a0.53 M solution of formic acid?

sFormula: *Type cmpd: *Strength:
Prediction of pOH: Reason for prediction:
Agree with prediction:
D. What isthe pH of a0.34 M solution of nitrous acid?
sFormula: *Type cmpd: *Strength:
Prediction of pH: Reason for prediction:
Agree with prediction:
E. Whatisthe pH of a0.45M solution of hydrofluoric acid?
sFormula: *Type cmpd: Strength:
Prediction of pH: Reason for prediction:
Agree with prediction:
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Chemistry 1020, Module 15A Name

OO OmCalculation of the pH or pOH of a Solution of a Weak Acid or Base AGAIN (cont’d)
2b) S. What isthe pH of a0.26 M solution of ammonia?

sFormulaz NH3 *Typecmpd: base *Strength: weak
Prediction of pH: pH>7 Reason for prediction: NH3 is a base.

NH3 + H2O &= NH4%t + OH™_ x2 = 0.26*(1.79%10°) = 4.64*1076
initial  0.26 0 0
D -X +X +X X = 2.15*10°3
final 0.26 - X +X +X

10-14  10-14 X _ 2.15%10°3
- - - *10-5 . - -
Kp for NH3 = Ka ~5610-10 - 1.79*10 Check: 023~ 026 - 0.0083
_[NH4™J[OH] _ 5_ XX
Kp = [NH3] =1.79*107° = 556« < 0.05 so ok
Assume 0.26 >>x so 0.26 - x » 0.26 Therefore, [OHT] = 2.15%103 M
X*X

Therefore, eqn. reduces to 1.79*10™ = 0.26 POH = -log[OH"] = -log(2.15*10-3) = 2.667

pH =14 - pOH = 14 - 2.667 = 11.33 rounded
Agree with prediction: pH>7 as predicted

A. What isthe pOH of a0.53 M solution of ethylamine, CH3CH2NH2?

eFormula: *Type cmpd: Strength:
Prediction of pOH: Reason for prediction:
Agree with prediction:
B. What isthe pH of a0.34 M solution of methylamine, CH3NH2?
sFormula: *Type cmpd: Strength:
Prediction of pH: Reason for prediction:
Agree with prediction:
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Chemistry 1020, Module 15A

OO OmCalculation of the pH or pOH of a Solution of a Weak Acid or Base AGAIN (cont’d)
2b) C. What isthe pOH of a0.53 M solution of dimethylamine, (CH3)2NH?

sFormula: *Type cmpd: Strength:
Prediction of pOH: Reason for prediction:
Agree with prediction:
D. What isthe pH of a0.34 M solution of ammonia?
sFormula: *Type cmpd: *Strength:
Prediction of pH: Reason for prediction:
Agree with prediction:
E. What isthe pH of a0.37 M solution of ammonia?
sFormula: *Type cmpd: Strength:
Prediction of pH: Reason for prediction:
Agree with prediction:
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m An Overview of Buffers
3a) Define buffer solution. (p. 716)

b) A solution that contains approximately one mole of acetic acid and one mole of acetate ion can absorb either H

c)

f)

or OH™ (i.e. act like abuffer). Use LeChatelier's Principle to explain why in the chart below using arrows asin
similar chartsin Module 13.

Stress ¥ Shift § CH3COOH(aq) + | H2O < cH3co0 () | + | H30™ ()

AddH30™"

Add OH~

What must be present for a solution to function as an buffer? (Approximately equal amounts of a weak
acid and its conjugate base. Note: For our purposes, “approximately equal” means that the
concentration of the one of the substances is not more than 10 times greater than the other.)

Briefly describe four ways to make a buffer solution. (1: Add approximately equal amounts of a weak
acid and its salt to water. 2: Add enough strong base to a weak acid to neutralize about half of the
acid. 3: Add approximately equal amounts of a weak base and its salt to water. 4: Add enough
strong acid to a weak base to neutralize about half of the base )

_1)

-2)

-3)

-4)

The following is an initial/change/final chart for the reaction of 0.20 moles of NaOH with 0.40 moles of acetic
acid. Explain why the resulting solution would like abuffer. Note: Thisis an example of the 2nd way to
make a buffer above.

NaOH + CH3COOH 0O NaCH3COO + H20

initial  0.20 "0.40 0
D -0.20 -0.20 +0.20
final 0 0.20 0.20

The following is an initial/change/final chart for the reaction of 0.20 moles of HCI with 0.40 moles of
ammonia. Explain why the resulting solution would like abuffer. Note: Thisisan example of the 4th way to
make a buffer above.

HCl + NH3 O NHgCl + H20

initial  0.20 0.40 0
D -0.20 -0.20 +0.20
final 0 0.20 0.20
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Chemistry 1020, Module 15A

m An Overview of Buffers (continued)

3g) Construct initial/D/final charts indicating the reaction which would occur if the following were mixed.

Solution prepared adding 0.20 mole of acetic acid
with 0.10 moles of sodium hydroxide.

Solution prepared adding 0.20 mole of acetic acid with
0.20 moles of sodium hydroxide.

Which of the two solutions above would act like a buffer and why?

h) Why won’'t asolution of astrong acid and one of its salts have buffer properties?

i) Indicate whether or not the given solution would have buffer properties. Briefly explain your answer.
S. A solution whichis0.2 M in acetic acid and 0.3 M in sodium acetate.

| substance 1 | substance 2 |
sFormula: | CH3COOH |NaCH3COO | There are approximately equal concentrations
| | | of a weak acid and its salt. Therefore, the
*Type cmpd: | acid | salt | solution will act as a buffer.
| | |
*Strength: | weak | strong

A. A solution whichis0.1 M in hydrofluoric acid and 0.2 sodium fluoride.

| substance 1 | substance 2

eFormula:

|
|
*Type cmpd: |
|
Strength: |

|

B. A solutionwhichis0.2 M in hydrochloric acid and 0.2 M in sodium chloride.

| substance 1 | substance 2

sFormula: |

*Type cmpd:

|
|
|
|
Strength: |
|
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Chemistry 1020, Module 15A Name

m An Overview of Buffers (continued)
3i) C. A solutionwhichis0.3 M in agueous ammoniaand 0.4 M in ammonium chloride.
| substance 1 | substance 2

sFormula | |

*Type cmpd:

|
I
|
I
|
Strength: |
|

D. A solution whichis0.2 M in hydrocyanic acid and 0.3 M sodium cyanide.
| substance 1 | substance 2

eFormula:

|
|
|
|
|
*Strength: |
|

I
| |
*Type cmpd: | |
| |
I I
| |

E. A solution prepared by adding 0.5 moles of ammonia and 0.25 moles of hydrochloric acid.
| substance 1 | substance 2
sFormula: |

*Type cmpd:

|

| |

| |

| |

| |

*Strength: | |
| |

F. A solution prepared by adding 0.25 moles of acetic acid and 0.12 moles of sodium hydroxide.
| substance 1 | substance 2
sFormula: | |

*Type cmpd:

|
|
|
|
|
«Strength: |
|

G. A solution prepared by adding 0.5 moles of nitric acid and 0.25 moles of ammonia.
| substance 1 | substance 2
sFormula: |

*Type cmpd:

I

I I

I I

I I

I |

Strength: | |
I |

H. A solution prepared by adding 0.4 moles of hydrofluoric acid and 0.4 moles of potassium hydroxide.
| substance 1 | substance 2
sFormula: |

*Type cmpd:

|

| |

| |

| |

| |

*Strength: | |
| |
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Chemistry 1020, Module 15A

m An Overview of Buffers (continued)
3j) Define buffer capacity. (p. 726)

k) Ineach of the following pairs, indicate which solution has the higher buffer capacity.

S.

50 mL of asolution whichis 0.20 M in acetic acid and 0.20 M in sodium acetate or 20 mL of onewhich is
0.40 M in acetic acid and 0.40 M in sodium acetate?
In solution 1, mol CH3COOH = mol NaCH3COO = M*L = (0.20 M)(0.050 L) = .01 mol

In solution 2, mol CH3COOH = mol NaCH3COO = M*L = (0.40 M)(0.020 L) = .008 mol
Solution 1 has the greater buffering capacity since it has the larger amounts of acid/salt.

70 mL of asolution which is0.50 M in benzoic acid and 0.50 M in sodium benzoate or 60 mL of one
which is0.30 M in benzoic acid and 0.30 M in sodium benzoate?

50 mL of asolution which is 0.50 M in acetic acid and 0.50 M in sodium acetate or 30 mL of onewhich is
0.40 M in acetic acid and 0.40 M in sodium acetate?

100 mL of asolution which is 0.40 M in HF and 0.40 M in NaF or 50 mL of one which is0.50 M in HF
and 0.50 M in NaF?

150 mL of asolution which is0.40 M in HF and 0.40 M in KF or 100 mL of one which is0.10 M in HF
and 0.10 M in KF?

75 mL of asolution which is0.30 M in acetic acid and 0.30 M in potassium acetate or 100 mL of one
which is0.25 M in acetic acid and 0.25 M in potassium acetate?
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Chemistry 1020, Module 15A

OO OmCalculation of the pH of a Buffer Solution

4. Determinethe pH of the solution indicated using INITIAL/CHANGE/FINAL charts as needed.
S. A solution which 0.30 M in aqueous ammonia and 0.20 M in ammonium chloride.

sFormulaa NH3, NH4Cl

Typecmpd: base, salt

*Strength: base weak, salt strong

Do i/D/f chart for total dissociation of NH4ClI.

NH4Cl O NHa* + CI-

initial _ 0.20 0 0
D -.20 +.20 +.20
final 0 +.20 +.20

Do i/D/f for dissociation of NH3 X
NH3 + HpO & NH4* + OH~_

initial  0.30 0.20 0
D -X +X +X
final  0.30 - x 0.20+x +X

10-14 10-14

Kp, for NH3 = -
b TorNH3 ="Ka T 5.6+10-10
[NH4*][OH"]
A A 1.70%1075 =
[NH3]

=1.79*107°

_(0.20 + x)*x
0.30 - x

Assume 0.20 >>x so 0.20+ x » 0.20

AND 0.30 - x » 0.30 . Therefore, get

0.20*x1
x10-5 = =~ 4
1.79*107 = —535

x = 0.30%(1.79*1075)/0.20

X = 2.68*107°
Check: ==~ = 2.68710° _ 0.000134
ek 920~ o020 VY
< 0.05 so ok

Therefore, [OH"] = 2.68*1072 M
POH = -log[OH"] = -log(2.68*10-5) = 4.572

pH =14-pOH = 14 - 4.572 = 9.43 rounded

* After the salt dissociates the solution contains two substances which react somewhat with water. They are NH3 and NH 4+. Since the
two are related (they are a conjugate acid/base pair), we only have to consider one of them (the other is automatically taken into
account). Thus, in this problem, you could take into account the “weak” nature of NH3/NH4+ by either

a) considering the dissociation which occurs when NH3 is placed in water, i.e. NH3 + Ho0 = NH4* + OH-
or  b) the hydrolysis of the NH4 from the salt, i.e. NH4* + HoO = NH3 + H30™.

A. A solution whichis0.15 M in acetic acid and 0.10 M in sodium acetate.

eFormula: *Type cmpd:

Strength:
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Chemistry 1020, Module 15A

OO OmCalculation of the pH of a Buffer Solution (continued)
4. Determinethe pH of the solution indicated using INITIAL/CHANGE/FINAL charts as needed.
B. A solution whichis0.25 M in hydrofluoric acid and 0.15 M in sodium fluoride.
sFormula: *Type cmpd: Strength:

C. A solution which is 0.40 M in agueous ammonia and 0.10 M in ammonium chloride.
eFormula: *Type cmpd: Strength:

202 Xavier University of Louisiana



Chemistry 1020, Module 15A Name

OO OmCalculation of the pH of a Buffer Solution (continued)
4. Determinethe pH of the solution indicated using INITIAL/CHANGE/FINAL charts as needed.
D. A solution whichis0.30 M in benzoic acid and 0.20 M in sodium benzoate.
sFormula: *Type cmpd: Strength:

E. A solution whichis0.25 M in propionic acid and 0.87 M in sodium propionate.
eFormula: *Type cmpd: Strength:
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Chemistry 1020, Module 15A

OO OmCalculation of the pH of a Buffer Solution (continued)
4. Determinethe pH of the solution indicated using INITIAL/CHANGE/FINAL charts as needed.
F. A solution which is 0.67 M in butylammine and 0.93 M in butylammonium chloride.
sFormula: *Type cmpd: Strength:

m A Review of Acid-Base Titration
5a) Definetitration. (pp. 161-64)

b) Define equivalence point. (pp. 161, 732)

c) Defineindicator. (pp. 161, 745)

d) Defineendpoint. (The point where the indicator changes color during a titiration.)

€) The most common indicator islitmus. What color does litmus turn...
*in acidic solution? *in basic solution?
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Chemistry 1020, Module 15A Name

m An Review of Acid-Base Titration
5f) Use the following table of common acid-base indicators to determine the color of the given indicator in the
specified solution. Explain how you got your answer. (p. 749)

Indicator [pH interval for  |Acid Color |Base Color
lcolor change | |
Methyl Violet 0-2 Yellow Violet
Methyl Y ellow 1.2-2.3 Red Yellow
Methyl Orange 2.9-40 Red Yellow
Methyl Red 4.2-6.3 Red Yellow
Bromthymol Blue 6.0-7.6 Yellow Blue
Thymol Blue 8.0-9.6 Yellow Blue
Phenol phthalein 8.3-10 Colorless Pink
Alizarin Yellow G 10.1-12.0 Yellow Red

S. What isthe color of bromothymol blue in a solution with apH of 11?
The pH interval over which bromothymol blue changes color is 6.0-7.6. Therefore, the indicator
would be blue at pH 11 since it is above the point where is totally changed to the base color (7.6).

A. What isthe color of phenolphthalein in a solution with apH of 2?

B. What isthe color of thymol blue in a solution with a pH of 10?

C. What isthe color of methyl orangein a solution with a pH of 6?

D. What isthe color of bromothymol blue in a solution with a pH of 8?

E. What isthe color of alizarin yellow G in a solution with apH of 4?

F. What isthe color of methyl red in a solution with a pH of 7?
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Chemistry 1020, Module 15A

m An Review of Acid-Base Titration (continued)
5g) Recommend an indicator from the list on the previous page to detect the equivalence point of the following
reactions and explain your answer.
S. A titration with an equivalence point at a pH of 4.5.
Methyl red would be a good one for this titration since the equivalence point of the reaction 4.5 lies
within the pH interval of change. Methyl red is red when pH<4.2 and yellow when pH>6.3 .

A. A titration with an equivalence point at a pH of 9.2

B. A titration with an equivalence point at apH of 10.2.

C. A titration with an equivalence point at apH of 1.7.

D. A titration with an equivalence point at apH of 7.3.

E. A titration with an equivalence point at a pH of 5.6.

F. A titration with an equivalence point at a pH of 3.1.

mTitration Curves
6a) Definetitration curve. (736)

b) Briefly explain how buffering can affect the shape of atitration curve. (p. 739)

c) If astrong acid reacts with a strong base, at what pH would you expect the equivalence point to occur?

d) If astrong acid reacts with aweak base, at what pH would you expect the equivalence point to occur? Use
chemical equationsto explain your answer.

€) If astrong base reacts with aweak acid, at what pH would you expect the equivalence point to occur? Use
chemical equationsto explain your answer.
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Chemistry 1020, Module 15A Name

mTitration Curves (continued)

6f) Below are four general types of titration curves. Indentify the type of substance being titrated, the type of
substance doing the titrating, the equivalence point, and any areas where buffering is occurring in each. (See
Figures 15.1, 15.2, 15.3, and 15.5)

7 7
: ) )
pH pH
mL added mL added
Substance in beaker: Substance in beaker:
Substance being added: Substance being added:
Substance being titrated: Substance being titrated:

Substance doing titration:

Substance doing titration:

7 7
t t
pH pH
mL added mL added
Substance in beaker: Substance in beaker:
Substance being added: Substance being added:
Substance being titrated: Substance being titrated:

Substance doing titration:

Substance doing titration:

g) Sketch thetitration curve for the indicated titration using the sasmplesin 6f above. Label your axes, the
equivalence point, and any region in which buffering is occurring.  (Figures 15.1, 15.2, 15.3, 15.3, and 15.5)
S. Titration of 0.2 M acetic acid with sodium hydroxide.

| substance 1 | substance 2 | -E- . .
: - guivalence peint
eFormulaz | CH3COOH | NaOH | ! =g at peirt of itflection,
| | | pH=7 here fwatsk)
*Type cmpd: | acid | base | + 7 ;
| | | v = =1 Buffering eccurs in this
«Strength: | weak | strong | | PH flat region since weak
| | | acid ig being titrated
mL HaoH added
A. Titration of 0.1 M hydrochloric acid by sodium hydroxide.
| substance 1 | substance 2 |
*Formula: | | |
I I I
*Type cmpd: I I I
*Strength: | | |
I I I
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Chemistry 1020, Module 15A

mTitration Curves (continued)
6g) Sketch thetitration curve for the indicated titration. Label your axes, the equivalence point, and any regionin
which buffering is occurring. (Figures 15.1, 15.2, 15.3, and 15.5)
B. Titration of 0.1 M acetic acid by potassium hydroxide.
| substance 1 | substance 2

Formula:

I
|
I
|
|
Strength: |
|

|
| |
*Type cmpd: | |
| |
| |
| |

C. Titration of 0.1 M sodium hydroxide by nitric acid.
| substance 1 | substance 2

Formula:

*Strength:

I
| |
*Type cmpd: | |
| |
I I
| |

D. Titration of 0.1 M ammonia by hydrochloric acid.
| substance 1 | substance 2

*Formula:

*Strength:

| |
| |
*Type cmpd: | |
| |
| |
| |

E. Titration of 0.1 M ammoniaby nitric acid.
| substance 1 | substance 2

eFormula:

|
| | |
| | |
*Type cmpd: I I I
*Strength: | | |

| | |

F. Titration of potassium hydroxide by 0.1 M perchloric acid.
| substance 1 | substance 2

eFormula:

|
| | |
| | |
*Type cmpd: I I I
Strength: | | |

| | |
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Chemistry 1020, Module 15A Name

OO OmCalculation of the pH or pOH at a Point During a Titration—(Partial Neutralization
AGAIN)
7. S. Whatisthe pH of asolution prepared by adding 45 milliliters of 0.32 M sodium hydroxide and 32
milliliters of 0.12 M sulfuric acid? Y ou will need two INITIAL/CHANGE/FINAL charts.
sFormula: H2SO4 , NaOH *Type cmpd: acid, base *Strength: both strong

I nitial amounts are:
mol NaOH = (0.32 M)(0.045 L) = 0.0144 mol NaOH
mol H2SO4 = (0.12 M)(0.032 L) = 0.00384 mol H2SO4

Assume H2SO4 is used up & set up i/D/f chart: Now i/D/f for dissociation of NaOH:
2NaOH + H2SO4 0O Na2S0O4+ 2H20 NaOH O Na't + OH™

initial  0.0144  0.00384 0 m initial .0873 0 0

D -2(0.00384) -0.00384 +.00384 +.00384 D -.0873 +.0873 +.0873

final  0.00672 0 .00384 m+.00384 final 0 +.0873 +.0873

Since final NaOH > 0, assumption was ok. Therefore, [OH™] = 8.73*10"2 M

Take into account dilution: pOH=-log[OH"]= -l0og(0.0873) = 1.059

C NaOH _ mol NaOH __ H=14-pOH=14-1.049= 12.94 ded

onc. Na ~ total liters soln ~ pH=14-pLH=14-1.Ua9= 12.94 rounde

_0.00672 mol NaOH

P
= 0.045+0.032 L - 87310 M

A. What isthe pH of asolution prepared by adding 35 milliliters of 0.41 M hydrochloric acid and 14
milliliters of 0.23 M barium hydroxide? Y ou will need two INITIAL/CHANGE/FINAL charts.
sFormula: *Type cmpd: *Strength:

B. What isthe pH of asolution prepared by adding 23 milliliters of 0.15 M sulfuric acid and 16 milliliters
of 0.75 M sodium hydroxide? Y ou will need two INITIAL/CHANGE/FINAL charts.
eFormula: *Type cmpd: Strength:
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Chemistry 1020, Module 15A

OO OmCalculation of the pH or pOH at a Point During a Titration—(Partial Neutralization
AGAIN)
7. C. Whatisthe pH of asolution prepared by adding 14 milliliters of 0.27 M nitric acid to 19 milliliters of

210

0.61 M barium hydroxide? Y ou will need two INITIAL/CHANGE/FINAL charts.
sFormula: *Type cmpd: Strength:

D. What isthe pH of asolution prepared by adding 87 milliliters of 0.42 M hydrochloric acid to 41 milliliters
of 0.17 M barium hydroxide? Y ou will need two INITIAL/CHANGE/FINAL charts.
sFormula: *Type cmpd: *Strength:

E. What isthe pH of asolution prepared by adding 29 milliliters of 0.32 M hydrochloric acid to 35 milliliters

of 0.87 M barium hydroxide? Y ou will need two INITIAL/CHANGE/FINAL charts.
eFormula: *Type cmpd: Strength:
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Chemistry 1020, Module 15A Name

OO OmCalculation of the pH or pOH at a Point During a Titration—(Partial Neutralization
AGAIN)
7. F. Whatisthe pH of asolution prepared by adding 14 milliliters of 0.42 M hydrochloric acid to 25 milliliters
of 0.32 M barium hydroxide? Y ou will need two INITIAL/CHANGE/FINAL charts.
sFormula: *Type cmpd: Strength:

OO0OmAmphoterism
8a) Define amphoteric. (p. 660)

b) Writeachemical equation showing the following substance acting like an acid (i.e reacting with OH") and like a
base (i.e reacting with H).
S.  Sn(OH)2(H20)2

-Acting likean acid: Sn(OH)2(H20)2 + OH" = [SN(OH)3(H20)]” + H2O

-Acting likeabase:  Sn(OH)2(H20)2 + H3O+ & [Sn(OH)(H20)3]* + H2O

A. AI(OH)3(H20)3
-Acting like an acid:

-Acting like a base:

B. Zn(OH)2(H20)2
-Acting like an acid:

-Acting like a base:

C. Cr(OH)3(H20)3
-Acting like an acid:

-Acting like a base:
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OO0 OmAmphoterism (continued)

8b) Write achemical equation showing the following substance acting like an acid (i.e reacting with OH") and like a
base (i.e reacting with HT).
D. Cu(OH)2(H20)4
-Acting like an acid:

-Acting like a base:

E. Sn(OH)4(H20)2
-Acting like an acid:

-Acting like a base:

O0O0OmPolyprotic Acids
9a) Define polyprotic acid. (p. 682)

b) Write reactions showing the step-wise dissociation of the given polyprotic acid, the equilibrium expressions for
each step, the overall dissociation equation, the equilibrium expression for the overall reaction, and the
relationship between the step-wise and the overall dissociation constants.

S. Substance: H2S 1) Step-wise dissociation reactions 2) Step-wise equil. expressions

- +

= - + _[HST[H307]
H2S + HoO & HS™ + H30 Ka1l = Z[st]

S4|[H30*

HS™ +H20 & $2- +HzO* Kaz = > 3O
[HS7]

3) Overdl dissociation reaction: 4) Equilibrium expression for

overall reaction
[S2-][H30*]?

_ 2- + —
H2S + 2 H2O & S4 +2 H30 Koverall = [HZS]
5) Relationship between the answersin 2) and 4):
Koverall = Ka1*Ka2
A. Substance: H2CO3 1) Step-wise dissociation reactions 2) Step-wise equil. expressions
3) Overdl dissociation reaction: 4) Equilibrium expression for

overall reaction

5) Relationship between the answersin 2) and 4):
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OO0 OmPolyprotic Acids (continued)

9b) Write reactions showing the step-wise dissociation of the given polyprotic acid, the equilibrium expressions for
each step, the overall dissociation equation, the equilibrium expression for the overall reaction, and the
relationship between the step-wise and the overall dissociation constants.

B. Substance: H2C204 1) Step-wise dissociation reactions 2) Step-wise equil. expressions
3) Overdl dissociation reaction: 4) Equilibrium expression for

overall reaction

5) Relationship between the answersin 2) and 4):

C. Substance: H2SO3 1) Step-wise dissociation reactions 2) Step-wise equil. expressions
3) Overall dissociation reaction: 4) Equilibrium expression for

overall reaction

5) Relationship between the answersin 2) and 4):

D. Substance: H3PO4 1) Step-wise dissociation reactions 2) Step-wise equil. expressions
3) Overall dissociation reaction: 4) Equilibrium expression for

overal reaction

5) Relationship between the answersin 2) and 4):

E. Substance: H3PO3 Note: One of the H'sin this compound is bonded to P and does not dissociate in

water.
1) Step-wise dissociation reactions 2) Step-wise equil. expressions
3) Overdl dissociation reaction: 4) Equilibrium expression for

overall reaction

5) Relationship between the answersin 2) and 4):
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OO0 OmPolyprotic Acids (continued)
9c) Thetable below containstwo diprotic acids. List K g1 and Kgp for each.

*H2S: Kal = Ka2 =

*H2CO3: Kal= Kag2 =

d What assumption is usually made when one calculates the pH of a solution of adiprotic acid such asH2S or
H2CO3? (p. 683)

€) What would be the predominant species present in a0.2 M solution of HoCO3?

OOOmAN Introduction to Formation and Dissociation Expressions
10a) Define complex ion. (p. 766)

b) Defineformation constant. (The equilibrium constant for the step-wise formation of a complex ion.)

c) Definedissociation constant. (The equilibrium constant for the step-wise dissociation of a complex ion.)

d) Write balanced step-wise reactions for either the formation or dissociation (as indicated) of the given
metal ion complex. Also write equilibrium expressions for each of the equations.

S. Overal dissociation of Co(CN)g3"

-Step-wise dissociation of substance: -Equilibrium expressions for each step:
Co(CN)g3~ = Co(CN)52- + CN- K1 = [Co(CN)52-][CN-]/[Co(CN)g3"]
Co(CN)52- = Co(CN)4~ + CN- K2 = [Co(CN)4 ][CN-)/[Co(CN)527]
Co(CN)4~ = Co(CN)3+CN- K3 = [Co(CN)3][CN]/[Co(CN)47]
Co(CN)3 = Co(CN)2*+CN- K4 = [Co(CN)2*][CN-]/[Co(CN)3]
Co(CN)2* = Co(CN)2* + CN- Kg = [Co(CN)2+][CN-]/[Co(CN)2*]
Co(CN)2+ = Co3* +CN- Kg = [Co3*][CN-)/[Co(CN)2H]

-Overall dissociation of the substance: -Equilibrium expression for the overall reaction:

_ [Co3*J[CN-16

Co(CN)g3- = Co3t+6CN- Kdiss =
o(CN)e 0 diss = 1 CoCN)3]

A. Formation of Cu(NH3)42*

-Step-wise formation of substance: -Equilibrium expressions for each step:
-Overall formation of the substance: -Equilibrium expression for the overall reaction:
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OOOmAN Introduction to Formation and Dissociation Expressions (continued)

10d) Write balanced step-wise reactions for either the formation or dissociation (as indicated) of the given
metal ion complex. Also write equilibrium expressions for each of the equations.

B. Dissociation of CuBr42'

-Step-wise dissociation of substance: -Equilibrium expressions for each step:
-Overall dissociation of the substance: -Equilibrium expression for the overall reaction:

C. Formation of NiClg+

-Step-wise formation of substance: -Equilibrium expressions for each step:
-Overall formation of the substance: -Equilibrium expression for the overall reaction:

D. Dissociation of Pt(NH3)42*

-Step-wise dissociation of substance: -Equilibrium expressions for each step:
-Overall dissociation of the substance: -Equilibrium expression for the overall reaction:

E. Formation of Hgl 42‘

-Step-wise formation of substance: -Equilibrium expressions for each step:
-Overall formation of the substance: -Equilibrium expression for the overall reaction:
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Chemistry 1020, Module 15A

O0OOmAN Introduction to Formation and Dissociation Expressions (continued)
10e) S. The formation constant for [Cu(NH 3)4]2+(aq) is6.81012. |f you begin with similar concentrations of
cu2* and NHg, what are the relative concentrations of Cu2* (ag), NH3(ag), and [Cu(NH3)4]2* (ag) at
equilibrium?
Cu2*(ag) + 4 NHz(aq) = [Cu(NH3)4]2*(aq)
Kform = [Cu(NH3)4]2*/[Cu2*][NH3]4 = 6.8*1012

Kform >>1, therefore [Cu(NH3)4]2" is high, [Cu2*] and [NH3] are low

A. The dissociation constant for [Fe(CN)g]3" is 1.3*10°3. If you begin with similar concentrations of Fe3*
and CN-, what are the relative concentrations of Fe3+(aq), CN(ag), and [Fe(CN)6]3‘(aq) at equilibrium?

B. The formation constant for [Al(OH)4] is 7.7* 1033, I you begin with similar concentrations of A3+ and
OH~, what are the relative concentrations of AI3+(aq), OH~(ag), and [Al(OH)4] (aq) at equilibrium?

C. Thedissociation constant for [Cd(CN)4] 2-is7.7710-18 | you begin with similar concentrations of cd2t
and CN", what are the relative concentrations of Cd2+(ag), CN-(aq), and [Cd(CN)4]2-(aq) at equilibrium?
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OOOmAN Introduction to Formation and Dissociation Expressions (continued)
10e) D. The formation constant for [Ag(NH3)2] " is 1.6* 107. If you begin with similar concentrations of Ag* and
NH3, what are the relative concentrations of Ag(ag), NH3(ag), and [Ag(NH3)2] (ag) at equilibrium?

E. The dissociation constant for [HgCl 4]2' is8.310°16, |f you begin with similar concentrations of Hg2+ and
Cl-, what are the relative concentrations of Hg?* (aq), Cl-(ag), and [HgCl4]2-(ag) at equilibrium?
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OO OmCalculating the pH or pOH of Solutions--More practice on acid/base problems.

11) A. What isthe pH of a0.28 M solution of acetic acid?
sFormula *Type cmpd: Strength:

Prediction of pH: Reason for prediction:

Agree with prediction:

B. What isthe pH of a0.67 M solution of sodium fluoride?
sFormula: *Type cmpd: *Strength:

Prediction of pH: Reason for prediction:

Agree with prediction:
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OO OmCalculating the pH or pOH of Solutions--More practice on acid/base problems (cont’d)
11. C. What isthe pOH of a0.21 M solution of hydrochloric acid?

sFormula *Type cmpd: Strength:
Prediction of pOH: Reason for prediction:
Agree with prediction:
D. What isthe pH of a0.49 M solution of ammonium nitrate?
sFormula: *Type cmpd: *Strength:
Prediction of pH: Reason for prediction:
Agree with prediction:
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Chemistry 1020, Module 15A

OOOmCalculating the pH or pOH of Solutions--More practice on acid/base problems (cont’d)
11. E. What isthe pH of asolution whichis0.23 M in formic acid and 0.17 M in sodium formate?
sFormula *Type cmpd: Strength:

F. What isthe pOH of a0.37 M solution of sodium iodide?
sFormula: *Type cmpd: *Strength:

Prediction of pOH: Reason for prediction:

Agree with prediction:
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OO OmCalculating the pH or pOH of Solutions--More practice on acid/base problems (cont’d)
11. G. What isthe pH of a0.27 M solution of methylammonium chloride?
sFormula *Type cmpd: Strength:

Prediction of pH: Reason for prediction:

Agree with prediction:

H. What isthe pOH of a solution which is 0.37 M in ammonia and 0.29 M in ammonium chloride?
sFormula: *Type cmpd: *Strength:
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Chemistry 1020, Module 15A

OOOmCalculating the pH or pOH of Solutions--More practice on acid/base problems (cont’d)
11. I. What isthe pH of asolution whichis0.28 M in nitric acid and 0.42 M in sodium nitrate?
sFormula *Type cmpd: Strength:

J. What isthe pH of asolution which is0.12 M in potassium acetate and 0.32 M in acetic acid?
sFormula: *Type cmpd: *Strength:
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mBonding/Model Activity to Improve Ability to Visualize in 3-D

S. @ Writebalanced equationsif rubidium hypochlorite dissociates and then undergoes hydrolysis.
RbCIO O Rbt + ClO-

ClIO™ + HpO = HCIO + OH~  (CIO~ undergoes hydrolysis because it is an anion of a weak

acid. Rb* does not because it is a cation of a strong base.)
b) Draw the Lewis structure of all of the speciesin the above two reactions.

&)

Rb*[ICI—0I]" 0 Ro* + [ICI—0OI]

rubidium hypochlorite hypochlorite ion
rubidium ion
[8-0l] +H-0—H B 18-0—H +[H-01]
hypochlorite ion water hypochlorous acid hydroxide ion

c) Name al speciesin the equations above.

A. @ Writebaanced equationsif sodium cyanide dissociates and then undergoes hydrolysis.

b) Draw the Lewisstructure of all of the speciesin the above two reactions.

c) Nameal speciesin the equations above.

B. a) Writebaanced equationsif potassium acetate dissociates and then undergoes hydrolysis.

b) Draw the Lewisstructure of all of the speciesin the above two reactions.

c) Nameal speciesin the equations above.
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Chemistry 1020, Module 15A

mBonding/Model Activity to Improve Ability to Visualize in 3-D
C. @ Write balanced equations if ammonium chloride dissociates and then undergoes hydrolysis.

b) Draw the Lewis structure of all of the speciesin the above two reactions.

c¢) Name all speciesin the equations above.

D. a) Writebaanced equationsif potassium propionate dissociates and then undergoes hydrolysis.

b) Draw the Lewis structure of all of the speciesin the above two reactions.

c¢) Name all speciesin the equations above.

A-Dd) When you go to drill be prepared to assemble models of each of the reactants in the equations above and

then use those models to demonstrate to your instructor what happens as the reactions occur.

m Challenge Questions

A.

B.

E.

F.

What is the pH of a solution prepared by adding 25 ml of 0.10 M NaOH and 50 ml of 0.10 M acetic acid?

Wheat isthe pH of a solution prepared by adding 15 ml of 0.10 M HCI to 50 ml of 0.10 M agueous ammonia?

If the step-wise acid dissociation constants for the diprotic acid HoY are Ky = 2.8* 10-3 and Kap=5.7* 108,

what would the relative pH or a solution prepared by dissolving KHY in water. That is, would HY ~ be more
likely to give up ahydrogen ion or to accept one? Explain your reasoning.

If the step-wise acid dissociation constants for the diprotic acid HoX are Kg1 = 1.4* 1072 and Kgp = 2.5¢10"9 |

what would the relative pH or a solution prepared by dissolving NaHX in water. That is, would HX~ be more
likely to give up ahydrogen ion or to accept one? Explain your reasoning.

What is the percent ionization (dissociation) in a1.00 M solution of hydrofluoric acid? Show al steps.

What is the percent ionization (dissociation) in a0.86 M solution of ammonia? Show all steps.

Revised by JW Carmichael Spring, 2000; SIB 5/8/2001; SIB 5/7/2002; MA 5/5/2003
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