Solutions to:

Acid-Base and Solubility Homework Problem Set
S.E. Van Bramer 1/10/97

1.Calculate the H;01* concentration, OH1- concentration, pH, and pOH of the following solutions.
First solve assuming that K, is insignificant. Repeat the calculations and include K,, (you will need

to use the quadratic equation to solve these). When is K, significant?

M := mole-liter ! Ky = 1.0-10 14-M2
1-a.1.0 x 109 M HNO,
-9
Cacig = 1.0-10 ~-M
Assuming K, is insignificant:
-9
CH30 = Cacid CHzo=1x10 "M
pH = _IOg(CH?)O' M 1) pH=9 Does this make sense?
pOH := 14 — pH pOH =5

Assuming K, is significant (Included the initial [H3O1+] in the calculations.)

7

Cuzo = ,,KW + Cacid Cmzo=101x10 'M
pH := —log(CH3o-M_ 1) pH = 6.996
pOH := 14 — pH pOH = 7.004
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1-b.1.0 x 106 M HNO,

Cacid = 1.0-10 Y

Assuming K, is insignificant:

-6
CH30 = Cacid CHzo=1x10 "M
pH := —log(CH3O-M_ 1) pH=6
pOH := 14 — pH pOH = 8

Assuming K, is significant (Included the initial [H301+] in the calculations.)

6

Cuzo = ,’KW + Cacid Cmzo=1.1x10 "M
pH := —log(CH3O-M_ 1) pH = 5.959
pOH := 14 — pH pOH = 8.041
1-¢.1.0 x 103 M HNO,
-3
Cacig = 1.0-10 ~-M
Assuming K, is insignificant:
-3
CH30 = Cacid Chzo=1x10 "M
pH := —log(CH3O-M_ 1) pH=3
pOH := 14 — pH pOH = 11

Assuming K, is significant (Included the initial [H301+] in the calculations.)

-3
CH30 = | Kw + Cacid CHzp=1x10 "M
pH := —log(CH3O-M_ 1) pH=3
pOH := 14 — pH pOH = 11
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1-d.1.0 x 10-" M HNO,

Cacid = 1.0-10 LM

Assuming K, is insignificant:

CH30 = Cacid CH30 = 0.1M
pH := —log(CH3O-M_ 1) pH=1
pOH := 14 — pH pOH = 13

Assuming K, is significant (Included the initial [H301+] in the calculations.)

CH30 = | Kw + Cacid CH30 = 0.1M
-1
pH := —log(CH3O-M ) pH=1
pOH := 14 — pH pOH = 13
1-e.1.0 M HNO,
Cacid := 1.0-M

Assuming K, is insignificant:

CH30 = Cacid Ch3zo= 1M
pH := —log(CH3O-M_ 1) pH=0
pOH := 14 — pH pOH = 14

Assuming K, is significant (Included the initial [H301+] in the calculations.)

Cm3o = \/Kw + Cacid Cmo=1M

—1 — 8
pH := —log(CH3o-M ) pH = —-4.343 x 10
pOH := 14 — pH pOH = 14
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1-£.10.0 M HNO,
Cacid :== 10-M

Assuming K, is insignificant:

CH30 = Cacid Crzo=10M  notice that pH can be
He 1 (C M 1) He 1 negative. At concentrations
pH := —log{ Cm30r pH=- this high, however, the

assumption that all HNO3
dissociates is probably not
accurate.

pOH := 14 — pH pOH = 15

Assuming K, is significant (Included the initial [H301+] in the calculations.)

CH30 = | Kw + Cacid CH3o = 10M
-1

pH := —log(CH3o-M ) pH = -1

pOH := 14 — pH pOH = 15

2. Calculate the H;O'* concentration, OH - concentration, pH, pOH, nitrate ion concentration and
sodium ion concentration for the following experimental steps in a titration. Graph your results.

2-a.6 M HNO,.
This is just a strong acid.
Cacid = 6-M
CH30 = Cacid CH3po=6M
pH := —log(CH3o-M_ 1) pH = -0.778
pOH := 14 — pH pOH = 14.778

2-b.Pure Deionized Water.

For pure water, the K, equlibrium determines the pH

Kw = CH30-Con CHzo = X

Con=X
X:= ,’Kw
Cumzo=X Cmzo=1x 10_7M
pH := —log(CH3o-M_ 1) pH =7
pOH := 14 — pH pOH =7
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2-¢.1.00 mL of the nitric acid is diluted with deionized water to a volume of 100.0 ml.

The concentration of the acid is :

Cstock == 6-M
Vstock := 1.00-mL
Vacid :== 100-mL
Cstock' Vstock
Cacid=—(1—"—
Vacid
Cacig = 0.06 M

The concentrations:

CH30 = Cacid CH3o = 0.06 M
pH := —log(CH3o-M_ 1) pH = 1.222
pOH := 14 — pH pOH = 12.778

2-d.5.2468 g of NaOH is dissolved in deionized water to a volume of 1.000 liter.

The concentration of sodium hydroxide is:

masspgge = 5.2468-gm

MWhase := (22.990 + 15.999 + 1.0079)-gm-mole !

masSpgge

molepgge = MW,
ase

volumepgge := 1000-mL

molep,ge

C =
base volumepgge

Chase = 0.1312M

The concentrations:

CoH = Cpase Cou=0.131M
pOH := —log(Cbase-M_ l) pOH = 0.882
pH := 14 — pOH pH = 13.118
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2-e.0.100 mL of the sodium hydroxide solution is added to the nitric acid solution.
Vacid :== 100-mL Vpase := 0.1-mL
Viotal = Vacid + Vbase

Vtotal = 100.1 mL

Calculate the pH by assuming that all the added OH-, reacts with H30 already present.

mole30 = Cacid' Vacid — Chase' Vbase molep3o = 5.987 x 10 3 mole
mole30
Cmzp=—" Cuzo = 0.06 M
Viotal
K, —
Con = — Con=1672x 10" M

Cus3o

pH = —l-log(CH3O-M_ 1) pH = 1.223

pOH := 14 — pH pOH = 12.777
Cacid Vacid
CNO3 = e el Cno3 = 0.06 M
Viotal
Chase' Vb -
Cpg 1= —m %% Cna = 131x 10 *M
Viotal
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2-f.1.00 mL of the sodium hydroxide solution is added to the nitric acid solution.

Vacid :== 100-mL Vpase := 1.00-mL

Viotal = Vacid + Vbase

Vtotal =101 mL

Calculate the pH by assuming that all the added OH-, reacts with H30 already present.

mole30 = Cacid' Vacid — Chase' Vbase molep30 = 5.869 x 10 3 mole
mole30
Cmzp=—" Cuazo = 0.058M
Viotal
K, —
Co = — Com= 1721 x 10" °M

Cus3o

pH = —l-log(CH3O-M_ 1) pH = 1.236

pOH := 14 — pH pOH = 12.764
Cacid Vacid
CNO3 = e el Cno3 = 0.059M
Viotal
Chase' Vb _
Cpg 1= —m %% Crg = 1299 x 107 °M
Viotal
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2-9.10.00 mL of the sodium hydroxide solution is added to the nitric acid solution.

Vacid :== 100-mL Vpase := 10.00-mL

Viotal = Vacid + Vbase

Vtotal = 110mL

Calculate the pH by assuming that all the added OH-, reacts with H30 already present.

mole30 = Cacid' Vacid — Chase' Vbase molep30 = 4.688 x 10 3 mole
moleyzo
Cmzp=—" Cuzo = 0.043 M
Viotal
K, —
Co = — Com = 2.346 x 10° °M

Cus3o

pH := —l-log(CH3O-M_ 1) pH = 1.37

pOH := 14 — pH pOH = 12.63
Cacid' Vacid
CNO3 = e el Cno3 = 0.055M
Viotal
Chase' Vb
Cpg 1= —m %% Cna = 0.012M
Viotal
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2-h.20.00 mL of the sodium hydroxide solution is added to the nitric acid solution.

Vacid :== 100-mL Vpase := 20-mL

Viotal = Vacid + Vbase

Vtotal = 120 mL

Calculate the pH by assuming that all the added OH-, reacts with H30 already present.

moley30 = Cacid' Vacid — Cbase Vbase

mole30
CH3O =
Viotal
Kw
Cou =
CH3o

pH = —l-log(CH3O-M_ 1)

pOH := 14 — pH
Cacid' Vacid
CNO3 = —(———
Viotal
Chase Vbase
CNa 1= ———
Viotal

molep3o = 3.376 x 10 3 mole

Cuazo = 0.028M

Coy =3.554x 10 Bm

pH = 1.551
pOH = 12.449
Cno3 = 0.05M
CNa = 0.022M
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2-i.Enough sodium hydroxide solution is added to reach the equivilence point.

At the equivalence point enough base is added so that the moles of hydroxide and the
moles of nitric acid are equivilent.

moleycid := Cacid: Vacid molegeig = 6 x 10 3 mole
-3
molepgage := molegycid molepgge = 6 x 10~ mole
moley,
Vpase 1= —— Vpase = 45.739 mL
Chase
Viotal := Vacid + Vbase Viotal = 145.739 mL

Calculate the pH by assuming that all the added OH-, reacts with H30 already present.
moley30 = Cacid Vacid — Cbase Vbase moley30 = 0 mole

Since the acid and base do not contribute to the pH, it is the same as pure water:

For pure water, the K, equlibrium determines the pH

Ky = CH30'Con CHiao=X Con=X
X:= ,,KW
Cuzo=X Cmzo=1x 10_7M
pH := —log(CH3o-M_ 1) pH =7
pOH := 14 — pH pOH =7
Cacid' Vacid
CNO3 = ——— CNo3 = 0.041 M
Viotal

Chase' Vb

Cpg 1= —m 8% Cna = 0.041 M
Viotal
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2-j.50.00 mL of the sodium hydroxide solution is added to the nitric acid solution.

Vacid :== 100-mL Vpase := 50-mL

Viotal = Vacid + Vbase

Vtotal = 150 mL

Calculate the pH by assuming that all the added OH-, reacts with H30 already present.

moley30 = Cacid' Vacid — Cbase Vbase

molep3o = —5.59 x 10 4mole

molepgy = Cpase' Vbase = Cacid’ Vacid

molepgy

Cou =
Viotal

pOH = —log(COH-M_ 1)

pH := 14.0 - pOH

C Cacid' Vacid
NO3 = —__
Viotal
Chase Vbase
CNai= ———
Viotal

This result does not make any sense
because nitric acid is now the limiting
reagent. So OH'- is in excess and
determines the pH

molepy = 5.59 x 10 4mole

Cong=3727x 10 M

pOH = 2.429
pH = 11.571

Cno3 = 0.04M

CNa = 0.044 M
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2-k.100.0 mL of the sodium hydroxide solution is added to the nitric acid solution.

Vacid :== 100-mL Vpase := 100-mL

Viotal = Vacid + Vbase

Vtotal = 200 mL

molegH = Chase' Vbase — Cacid* Vacid molepgy = 7.118 x 10 3 mole
molepgy
Cou = Con = 0.036 M
Viotal
pOH := —log(COH-M_ 1) pOH = 1.449
pH := 14.0 - pOH pH = 12.551
Cacid' Vacid
CNO3 = e el Cno3 = 0.03M
Viotal
Chase' Vb
Cpg 1= —m %% Cna = 0.066 M
Viotal
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3.What is the pH and pOH of a buffer prepared by adding 1.2435 g of sodium acetate to 100 mL of
0.124 M acetic acid. Calculate using the Henderson-Hasselbalch equation (as shown in your
textbook) and using the quadratic equation (as shown in class).

K,:= 1810 °-M

The concentration of the acid in the buffer is:

Cacid := 0.124-M

The concentration of the salt is (Fill in appropriate values and delete unnecessary sections.):

massgy|t := 1.2435-gm

MWy = [[(22.990) + (2-12.001) + (3-1.0079)] + (2-15.999)]-gm-mole” |

masSgg|t

MWgalt

molegy)t = molegyt = 0.015 mole

Vgalt == 100-mL

moleggi¢

Csalt = Csalt =0.152M

Vsalt

The equlibrium solution for HA + H20 <> H30+ + A-

Initial Concentraion Cacid Csalt
Equlibrium Concentration Cacid — X X Cgalt + X

Equlibrium expression:
(Cgart + X)-X
Cacid - X

a

Assuming X is smaller than [acid] and [salt], this reduces to:

- (Csalt)'(X)
(Cacid)

a

Solving for X:
B Ka Cacid

Csalt

X = 14721 x 10 °M
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Equlibrium Concentrations:

CHA = Cacid — X

CHio =X

CA = Csalt + X

pH = —log(CH3o-M_ 1)

pOH := 14 — pH

Cya =0.124M

Cizo=1472x 10 °M

Ca=0.152M

pH = 4.832

pOH = 9.168

Solving for X without assumptions ( You will need to use the quadratic equation):

) (Cgart + X)-X

a

Cacid - X

-1 1

—K;— —-C +

5 a 5 salt
X:=

__1 K l C

> a 5 salt

_1.5165x 10 )

1 2 2
E'JKa + 2-Kq Caalt + Caalt + 4-KaCacid

)

1 2 2
E'\/Ka + 2-KaCgalt + Csalt + 4-KaCacid

14718 x 10 ° )
M

)

Equlibrium Concentrations (Calculated for both roots, select the reasonable

answer [top or bottom in ()]:

CHA = Cacid - X

Cumzo=X

Ca =X

pHi = —log(CH3Oi-M_ 1)

pOH := 14 — pH

o [1.472 «107°)
H30 =

_5\
Cp = [1.472 x 10

0.124
CHa = ( \M

0.276 )

M
-0.152 )

M
-0.152 )

4832 )

H=
(0.819 ~ 1.364i )

o 9.168
13181 + 1.364i )
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4 Determine the pH and pOH of a buffer prepared by adding 0.0100 g of sodium hydroxide to 100
mL of 0.124 M acetic acid. Calculate using the Henderson-Hasselbalch equation (as shown in your
textbook), the method of successive approximations, and using the quadratic equation (as shown in
class).

Given a buffer prepared from a weak acid where (Input appropriate value here):

K,:= 1810 °-M

The concentration and volume of the acid is:
Cacid := 0.124-M Vacid :== 100-mL

Since sodium hydroxide is a strong base it will react completely with the strongest available acid
(the acetic acid). This reaction will convert acetic acid into acetate.

The moles of acid present initially
moleycid == Cacid' Vacid
moleycig = 0.012 mole

The moles of sodium hydroxide added

masspgge ;= 0.0100-gm

MWhase := (22.990 + 15.999 + 1.0079)-gm-mole !

masSpgge

molepgge = MW,
ase

molepgge = 2.5 % 10 4mole

Since this reaction goes to completion:

moleycetate == MOlephage molegeetate = 2.5 % 10 4mole
moleygid := molegcig — molepgge moleycig = 0.012 mole

mole,cid
Cacid'=—(———

Vacid
mole,cetate
Cacetate = ——————
Vacid
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The equlibrium solution for HA + H20
Initial Concentraion Cacid
Equlibrium Concentration Cacid — X

Equlibrium expression:

_ (Cacetate + X)X

as
Cacid - X

<->

H30+ + A-

Cacetate

X Cacetate + X

Assuming X is smaller than [acid] and [salt], this reduces to:

K. = (Cacetate)'(X)

a
(Cacid)
Solving for X:
KaCacid
Xi=—"-
Cacetate

X = 87473 x 107 M

Equlibrium Concentrations:

CHA = Cacid - X

CHio =X

Ca = Cacetate + X

pH = —log(CH3o-M_ 1)

pOH := 14 — pH

Cya =0.121M

CHzo = 8.747 x 10

Cp = 3375 x 103

pH = 3.058

pOH = 10.942

M

M
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Solving for X without assumptions:

_(Coare + X)-x
e e

Cacid - X

-1 1 1 2 2

T'Ka - E'Cacetate + E Ka + 2-Ky-Cycetate + Cacetate + 4-KaCacid

X:=

-1 1 1 2 2

—Ka — = Cacetate — Ty Ka + 2:Kg'Cacetate + Cacetate + 4-Ka'Cacid
2 2 2 )
6.8315x 10 )

X = M

32013 10 °)

Equlibrium Concentrations (Calculated for both roots, select the reasonable
answer [top or bottom in ()]:

c c < c 0.121\M
HA = “acid HA = 0.125)
6.831 x 10‘4\
CHzo=X CHzo = 4 M
-3201x 10"~
6.831 x 10‘4\
Ca=X Ca =
-3
~3201x 10"~
i=0,1.1
H. = -1 (C M 1) H 165 )
.= -lo : =
PH; = 08 FH30, PP 712495 — 13641 )
10.835 )
pOH := 14 — pH pOH =
11.505 + 1.364i )
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5.Calculate the H;O1+ concentration, OH - concentration, pH, pOH, acetic acid concentration, and
the acetate ion concentration for the following experimental steps in a titration. Calculate using the
Henderson-Hasselbalch equation (as shown in your textbook) and using the quadratic equation (as

shown in class). Graph your results.

a.1.00 mL of glacial acetic acid (pure acetic acid, density 1.0492 g/mL) is diluted with

deionized water to a volume of 100.0 ml.

Starting with the following solution of acetic acid and determine the initial acid concentration:

5

K,:= 1.80-10 ~-M

Vacid :== 1.00-mL

density,ciq := 1.0492-gm-mL !

moleycig = 0.017 mole

0.175M

+  A-

M

massacid = Vacid-densityacid
MW aeid == [(2-12.001) + (4-1.0079) + (2-15.999)]-gm-mole !
) masSgycid
molCyeid = ——
MWacid
Vacid :== 100.0-mL
mole,cid
Cacidi=—(——— Cacid =
Vacid
The equlibrium solution for HA + H20 <-> H30+
2 .
K. = X Solving for X:
Q=
Cacid
X:= \’ Ka-Cacid
X=17737x 10
Equlibrium Concentrations:
CHA = Cacid — X

CHio =X

Ca =X

pH = —log(CH3o-M_ 1)
pOH := 14 — pH

Cya =0.173M

3

Cmzo= 1774 x 10 "M

M

Cp=1774x10
pH = 2.751

pOH = 11.249
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Solving for X without assumptions:

X2
Kgy=z———
Cacid - X
-1 1
—Ky+ —~\/Ka2 + 4'Ka'Cacid\
X 2 2

_—IK l\/K2+4KC~
) a ) a a’ “acid

)

17647 x 10> )
M

17827 x 10 ° )

Equlibrium Concentrations (Calculated for both roots, select the reasonable
answer [top or bottom in ()]:

c c N c 0.173\M
HA = “acid HA = 0.177)
1765 x 107 ° )
CHio =X CH30 = 4 M
-1.783x 10 °)
1765 x 107 ° )
Ca=X Ca = M
-3
~1.783 x 10~
i=0,1.1
—_ (C . 1) i 2753 )
.= -lo : =
P =G, P 2.749 — 1.364i )

pOH := 14 — pH

11.247
pOH = ( \

~\11.251 + 1.364i )

3/28/2003



5-b.2.2468 g of NaOH is dissolved in deionized water to a volume of 500 mL.
The concentration of the base is:

masspgge ;= 2.2468-gm
MWhase := (22.990 + 15.999 + 1.0079)-gm-mole !

masSpgge

molepgge = MW,
ase

volumepyge := 500-mL

molep,ge

C =—
base volumepgge

Chase = 0.1123 M

The concentrations:

CoH = Cpase Cou=0.112M
pOH := —log(Cbase-M_ l) pOH = 0.949
pH := 14 — pOH pH = 13.051
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5-¢.0.100 mL of the sodium hydroxide solution is added to the acetic acid solution.

This shifts the equlibrium from the above system. To solve for the new equlibrium conditions,
two steps are required.

First since OH-is a strong base, and acetic acid is the strongest acid available,
CH,COCH + OH- -> CH,COO- + H,0

This reaction will go to completion so that for:

CNaoH = Chase VNaoH = 0.1-mL
moleNaOH = CNaOH VNaOH molenaon = 1.123 x 10 > mole
Viotal = Vacid + YNaOH Viotal = 0.1001 liter

The new initial, NON-EQULIBRIUM, conditions for acetic acid and acetate are:

Acetic acid Acetate lons
moleCH3COOH = moleacid — moleNaOH molecH3Co0 = moleNaOH
(moleCH3c00H) (molecmcoo)
Ccm3coon'=—"—(——"— Ccmzcoo=—"—"""
Viotal Viotal
CCH3COOH = 1.7449 x 10 1M CcHzcoo = 1.122 x 10 4M

Based upon these initial concentrations, solve for the equlibrium values, assuming X reacts:
K. = (Cchscoo + X)X
CcH3cooH — X

Assuming X is small, we may simplify using the Henderson Hasselbach approximation

Ccnzcoo X _ Ka
K,= ——  Rearanges to: X = —-CcH3C0o0H
CHCH3COOH CcH3coo
Which solves as: X=0.028M
This gives the following equlibrium concentraitons:
CHA = CcH3cooH — X CHa = 0.147TM
Ca = Ccuzcoo + X Ca =0.028M
Cumzo=X Cuazo = 0.028M
CH30
pH := —1-log \ pH = 1.553
M )
pOH := 14 — pH pOH = 12.447
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If [H30+] is smaller than the buffer concentrations, the answer is acceptable. In this example
the approximation is not very good. Without making the Henderson Hasselbach
approximation, the above problem solves as:

_ (Ccmcoo + X)-x
Cch3coon - X

Has solutions (using the quadratic equation)

X:=

-1 1 1 [ 2 2
—Ka = =-CcH3coo - ;\/ Ko+ 2-Kq-CcH3zcoo + CcH3coo + 4-Ka'CcH3cooH

2 2

Lk, -Lc
)

-1.839 x 10‘3\

1708 x 10 ° )

This gives the following equlibrium concentraitons: (O 176\
HA =

Selecting the appropriate root:

(NOTE: this answer is significantly different from above.)

CHa = CcH3cooH — X

Ca = CcH3coo + X

Cuzo=X

CH30, |
pHi = —1-log )
pOH := 14 — pH

Ca =

0.173 )
-1.726 x 10‘3\
M

1.821x 10 ° )
~1.839 x 10‘3\
CH30 = 3 M
1.708 x 10~ )
(2.736 — 1.364i
pH =
2767 )

11.264 + 13641
pOH =
11233 )

1 [ 2 2
CH3COO0 + E'\/ Ka + 2-Ka-CcHzcoo + Ccnzcoo + 4-KaCcH3coon )
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5-d.1.00 mL of the sodium hydroxide solution is added to the acetic acid solution.

VNaOH = I'mL
moleNaOH = CNaOH VNaOH molenaop = 1.123 x 10 4mole

Viotal = Vacid + YNaOH Viotal = 0.101 liter

The new initial, NON-EQULIBRIUM, conditions for acetic acid and acetate are:

Acetic acid Acetate lons
moleCH3COOH = moleacid — moleNaOH molecH3CO0 = moleNaOH
(moleCH3c00H) (molecmcoo)
Ccm3coon:=—"—(——""— Ccmzcoo=—"—""—""
Viotal Viotal
Ccuscoon = 1.7193 x lO_IM Ccuzcoo = 1.112 x 10_3M

Based upon these initial concentrations, solve for the equlibrium values, assuming X reacts:

(CCH3coo + X)X
Cch3coon - X

Assuming X is small, we may simplify using the Henderson Hasselbach approximation

Ccnzcoo X _ Ka
K,= ———  Rearanges to: X:= —CcH3CO0H
CHcH3cooH CcH3coo
Which solves as: X=2782% 10 °M
This gives the following equlibrium concentraitons:
CHA = CcH3cooH — X CHA = 0.169M
Ca = Ccuzcoo + X Ca =3.895 x 10_3M
Cuzo=X CHzo=2782x 10 3M
CHso
pH := —1-log \ pH = 2.556
M)
pOH = 14 — pH pOH = 11.444
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If [H30+] is smaller than the buffer concentrations, the answer is acceptable. In this example
the approximation is not very good. Without making the Henderson Hasselbach
approximation, the above problem solves as:

K. = (Cchscoo + X)X
Cch3coon - X

Has solutions (using the quadratic equation)

-1 1 1 [ 2 2
—Ka = =-CcH3coo - ;\/ Ko+ 2-Kq-CcH3zcoo + CcH3coo + 4-Ka'CcH3cooH

2 2

X:=
-1 1 1 2 2
7~Ka - E'CCH3COO T Ka +2:Ka-CcH3coo + CcH3coo + 4-Ka'CcH3COOH )

-3) . .
X —2.413 x 10 Selecting the appropriate root:
- _3 (NOTE: this answer is significantly different from above.)

1283x 10 ~ )

This gives the following equlibrium concentraitons: 0 174\
Cha = C - X =
HA CH3COOH HA (00171)

-1.301 x 10‘3\
M

Ca = CcH3coo + X Ca = 4
2395x 10 ° )
—2.413 x 10_3\
CHzo=X CHzo = 4 M
1283x 10 ~ )
— Cu30,) o [2617 - 1364
..=—1-lo =
P ™) P 2892 )
11.383 + 1.364i )
pOH := 14 — pH pOH = 11108 )
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5-e.10.00 mL of the sodium hydroxide solution is added to the acetic acid solution.

VNa0H = 10-mL
moleNaOH = CNaOH VNaOH molenaop = 1.123 x 10 3 mole

Viotal = Vacid + YNaOH Viotal = 0.11 liter

The new initial, NON-EQULIBRIUM, conditions for acetic acid and acetate are:

Acetic acid Acetate lons
moleCH3COOH = moleacid — moleNaOH molecH3CO0 = moleNaOH
(moleCH3c00H) (molecmcoo)
CCH3COOH - CCH3COO -
Viotal Viotal
CCH3COOH = 1.4867 x 10 1M Ccuzcoo = 0.01M

Based upon these initial concentrations, solve for the equlibrium values, assuming X reacts:

(CCH3coo + X)X
Cch3coon - X

Assuming X is small, we may simplify using the Henderson Hasselbach approximation

Ccnzcoo X _ Ka
K,= ———  Rearanges to: X:= —CcH3CO0H
CHcH3cooH CcH3coo
Which solves as: X=262x 10 M
This gives the following equlibrium concentraitons:
CHA = CcH3cooH — X CHa = 0.148M
Ca = Ccuzcoo + X Ca=00IM
Cuzo=X CH30 =2.62x 10 4M
CHso
pH := —1-log \ pH = 3.582
M)
pOH = 14 — pH pOH = 10.418
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If [H30+] is smaller than the buffer concentrations, the answer is acceptable. In this example

the approximation is not very good. Without making the Henderson Hasselbach
approximation, the above problem solves as:

_ (Ccmcoo + X)-x

Cch3coon - X

Has solutions (using the quadratic equation)

X:=

.

-1 1 1 2 2

7~Ka - ;CCHscoo - ;\/ Ko+ 2-Kq-CcH3zcoo + CcH3coo + 4-Ka'CcH3cooH

-1 1 1 2 2

7~Ka - E'CCH3COO T Ka +2:Ka-CcH3coo + CcH3coo + 4-Ka'CcH3COOH )
-0.01 \ Selecting the appropriate root:

2550 % 10 4) (NOTE: this answer is significantly different from above.)

This gives the following equlibrium concentraitons: (O 159\
HA =

CHa = CcH3cooH — X

Ca = CcH3coo + X

Cuzo=X

CH30, |
pHi = —1-log )
pOH := 14 — pH

0.148 )

— 4\
Coo| 2732x 100y
001 )

-0.01 )

CH30 = 4 M
2552x 10" )

pH =

(1.979 — 1.364i
3593 )

12.021 + 13641
pOH =
10407 )

3/28/2003



5-f.Enough sodium hydroxide solution is added to reach the equivilence point.

At the equivilance point the same number of moles of sodium hydroxide have been
added as there are moles of acetic acid to begin with.

moleycig = 0.017 mole

molengzOH = molegcid

moleN,0H
VNaOH = —/—— VNaoH = 155.564 mL
Chase
Viotal = Vacid + YNaOH Viotal = 0.25556 liter

The new initial, NON-EQULIBRIUM, conditions for acetic acid and acetate are:

Acetic acid Acetate lons
moleCcH3COOH = mole,cid — moleNaOH molecH3COO = moleNaOH
(molecr3coom) (molecr3co0)
CCH3COOH = —— CcHscoo=—7—
Viotal Viotal
CcHscoon = 0M CcH3CoO0 = 0.068 M
K. _
Kp = — Ky = 5.556 x 107 '™
Ka
The equlibrium solution for A- + H20 <> OH- + HA
Initial Concentraion CCH3C00
Equlibrium Concentration CcHszcoo — X X X
Equlibrium expression:
XZ
Kp= ————
CcHscoo — X

Assuming X is smaller than [acid], this reduces to:

2
Kp=————
CcH3coo
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Solving for X:

X := \[Kp-CCcH3coo X=6.1639x 10 "M

Equlibrium Concentrations:

6

CHA = X CHA = 6.164 x 10 %M
Con:= X Cop = 6.164 x 10 M
Ca = CcHzcoo — X Cp = 0.068 M

pOH = —log(COH-M_ 1) pOH = 5.21

pH := 14 — pOH pH = 8.79

Solving for X without assumptions:

Kpy=—mmm—
CcH3coo - X

-1 1 2
7~Kb + ;\/Kb +4-Kp-CcH3co0

2

1 2
—Kp - E'\/Kb + 4'Kb'CCH3COO)

X:

6.1636 x 10~ ° \r

61641 x 10 %)

Equlibrium Concentrations (Calculated for both roots, select the reasonable

answer [top or bottom in () ]:

6.164 x 10~ ° )
Cya =X CHa = e M
—6.164 x 10" ")
-0.01 )
Cou=X CH3o = -4 M
2552x 10 )
. N c 0.068
A = CcH3C00 A= 0.068 )
OH. := I (C M 1) OH 20
.= —lo ‘ =
P = OH, P 521 — 1.364i )
H:= 14 — pOH H 879 )
P P PP 1879 + 13641 )
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5-g.160.00 mL of the sodium hydroxide solution is added to the acetic acid solution.

This is an excess of NaOH. Since OH- is the strongest base present it will determine the pH

VNaoH = 160-mL
moleNaOH = CNaOH VNaOH molenzof = 0.018 mole

Viotal = Vacid + YNaOH Viotal = 0.26 liter

First OH- will convert all the CH,COOH to CH3COO- these initial conditions are:

molecH3Co0H = 0

molecH3CO0 = moleycid

Calculate the [OH-], from the excess OH.

molegy = moleNy,of — molegcid molegy = 4.983 x 10 4mole

molepy _
= Cog=1917x 10 3M

Then use this to calculate pOH and pH:
Con )
OH := —log| —— OH = 2.717
p g( M ) p

pH := 14 — pOH pH = 11.283
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5-h.200.0 mL of the sodium hydroxide solution is added to the acetic acid solution.
This is an excess of NaOH. Since OH- is the strongest base present it will determine the pH
VNa0H = 200-mL

moleNaOH = CNaOH VNaOH molenzof = 0.022 mole

Viotal = Vacid + YNaOH Viotal = 0.3 liter

First OH- will convert all the CH,COOH to CH3COO- these initial conditions are:

molecH3Co0H = 0

molecH3CO0 = moleycid

Calculate the [OH-], from the excess OH.

molegy = moleNy,of — molegcid molepy = 4.992 x 10 3 mole
molepgy
Cou = Couy=0.017M
Viotal

Then use this to calculate pOH and pH:
Con )
OH := —log| —— OH = 1.779
p g( M ) p

pH := 14 — pOH pH = 12.221
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6. Assuming the molar solubility of a salt is x, write the balanced chemical equation for dissolving
the solid salt, the Ksp expression and the Ksp expression solved for x.
6-a. AB AB(s) <> A + B

Ksp = (X)-(X) X=/Kgp

6-b. AB, ABs) <> A + 2B

Kep = (X)-(2:X)° 1

3
Ksp = 4x X = (%}

6-c. AB  AB(s) <> 2A + B

Kep = (2:X)°(X)

6-d. AB, AB(s) <> A+ 3B

Kep = (X)-(3:X)°
1

n
Kgp = 27X X = (?—7")

6-e. AB, AB(s) <> 2A + 3B

Kep = 2-%%(3-X)°

5
Ky
Kep = 108X X = (—p\
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7. 3.2 * 10-3 g of maganese (Il) hydroxide will dissolve in 1 liter of water at 25 oC. What is the pH ¢
a saturated manganese (ll) hydroxide solution? What is Ksp for manganese(ll) hydroxide?

7-a. The pH of the solution:
First calculate the moles of Mn(OH), dissolved

mass = 3.2-10 3~gm

MW = [ 54.938 + 2-(15.999 + 1.0079) |- -2 MW = 88.952 gm-mole |
mole
mass -5
mole = mole =3.597 x 10 ~mole
MnOH2 MW MnOH2
Next calculate the concentration of OH-
volume := 1-liter
mole
M=——
liter
2-molenpoH?2 _
Copi= — 202 Con=7195x 10 °M
volume
Then the concentration of H,O0*
Ky = 1.0-10 AV
K _
Cuzo = — Cuzo=139x 10 10M
Con
Then the pH
pH := —log(CH3o-M_ 1) pH = 9.857

7-b. Calculate KSp for Mn(OH),

Con _
Chn = —— Caiy = 3.597 x 100 °M

And the appropriate expression for Ksp

Kep = (Cun)-(Con)? Kep = 1862 x 107 > M
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8. How many grams of silver chromate can dissolve in 250 mL of 0.25 M sodium chromate?

The equilibrium reaction is: Ag,CrO, <-> 2Ag + CrO,
The initial conditions 0.25
The equilibrium conditions 2-X 025+ X

The equilibrium expression:

Kep = (2-X)2(0.25 + X)

For Ag,CrO,

Kep:= 1.1-10° 12

If we assume that X is much smaller than 0.25, the equilibrium expression simplifies to

Kep = (2-X)%.(0.25)

simplifies to

X=1.049 x 10 °

For 250 mL of solution:

molepg>Cro4 = (X-M)-(0.250-liter) molepg>Cro4 = 2.622 x 10 7mole

Find the mass of silver chromate.

MW Ag2Cro4 = [(2:107.8682) + 51.9961 + (4-15.9994)]-gm-mole !

MW Ag2cro4 = 331.73 gm-mole !

Masspg2Cro4 = MW Ag2Cro4-moleagocro4

Massp g2Cro4 = 8.698 x 10 > gm
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9. 0.500 grams of lead nitrate is dissolved in 250.0 mL of water. When 10 mL of 1.0 M NaCl is
added to this solution: What is the mass of the preciptate? What is the equlibrium concentration of
all the ions in the solution?

Find the moles of lead nitrate dissolved:

MassppnO32 = 0.500-gm

MWpbNO32 = [207.2 + (2-14.00674) + (6-15.9994)]-gm-mole” '

Mol MassppNO32
oleppnO32 == ————
MWppNO32

MoleppNo32 = 1.51 x 10 3mole

Find the moles of sodium chloride added:

CNacl = 1.0-M
VNacl:= 10-mL VNacl = 0.01 liter
Molenact = CNaCl' VNaCl Molengact = 0.01 mole
The precipitation reaction is: Pb2* (ag) + 2 CI'- (aq) <--> PbCI, (s)

2
Ksp = Cpb-Ccl

V:= (250 + 10)-mL V = 0.26 liter
MoleppN032 -
Cppi= ———— Cpp = 5.806 x 10 M
A
Molenacl
Copi= ———— Ccp= 0.038 M
\Y%
Q:= Cpb-CC12 Q=28589x%x 10 On3

Kep = 1.7-107°-M°

Since Q is less than K_,,, no precipitate is produced in this reaction.

sp’
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Find the moles of lead nitrate dissolved:

MassppnO32 = 0.500-gm

MWpbNO32 = [207.2 + (2-14.00674) + (6-15.9994)]-gm-mole” '

MoleppNO32 =

MWppNO32

MassppNO32

MoleppNo32 = 1.51 x 10 3mole

Find the moles of sodium chloride added:

CNacl = 2.0-M

VNacl := 20-mL

MoleNacl == CNacCl VNacl

The precipitation reaction is:

2
Ksp = Cpb-Ccl

V= (250 + 20)-mL

Con e MoleppNO32
Poi= T
Molena(l
Col=—F7—
v
2
Q:= Cpp-Ccy
5.3

Ksp:= 1.7-10 ~-M

VNacl = 0.02 liter

Molenact = 0.04 mole

Pb2* (ag) + 2 CI'- (aq) <--> PbCl, (s)

V = 0.27 liter

Cpp = 5.591 x 10

Ccr=0.148 M

Q=1227x10

Q is greater than KSp S0 a precipitate is produced

4

M

3

3

M
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Pb2* (aq) + 2 CI' (aq) <--> PbClI, (s)
Initial Conditions: Cpp = 5.591 x 10 M Ccr=0.148M

Change: -X -2-X 1+ X

The equlibrium expression is:
_ 2
Ksp = (Cpp - X)-(Cc1 - 2:X)

Substitute in values:

Kep = 1.7x 107 M

Cpp = 5.591 x 10 M

Cc1=0.148M
-5 2
1.7-10 7 =(0.00559 — X)-(0.14815 — X)
Solve for X
-5 -2 2
1.7-10 = =(0.00559 - X)~(2.19484225~10 -.2963-X + X )
-5 -4 -2 2 3
1.7-10 ~ =1.22691681775-10 ~ — 2.36047395-10 ~-X + .30189-X" — X
4763143332199382733-10 3 \

X =1 .14856342833390030863 — 1.0880691867867169446-10 2-i

.14856342833390030863 + 1.0880691867867169446-10 2~i)

NOTE: This was a cubic expression (X3), so there are three roots. Only the
first one is meaningful, the second two are "complex numbers". The i is the

"imaginary” part.

It is unlikely that you will be able to solve a cubic expression (unless you have

access to a symbolic mathematics program (like mathcad, which | am using here),
or have completed several semesters of calculs (and really understood it). So we
need a different way to solve this problem. We need to make some assumptions.
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Back to the equlibrium expression:

5

1.7-107° = (0.00559 — X)-(0.14815 — X)°

The problem is greatly simplifed if we "assume" that X is much smaller than 0.14815.

1.7-107° = (0.00559 — X)-(0.14815)°
-5 —4 -2
1.7-10 ° = 1.22691681775-10 " — 2.19484225-10 X
-3
X = 4.8154-10

We can check the assumption by evaluating the orignal expression with this value of X

2
5

1.7-10 ~ = (0.00559 —4.8154-10 3)-(0.14815 ~ 4.8154-10 3)

1710 ° = 1.591.10" >

This is fairly close, so the approximation was pretty good. We can now improve the
calculated value of X by using this value for a successive approximation and substitute
it into part of the original expression (instead of the assuming that X is much smaller
than 0.14815 to simplify the calculation, we use this value). So Back to the original
expression:

5

1.7-107° = (0.00559 — X)-(0.14815 — X)°

Make the substitution:

5

2
1.7-10 = = (0.00559 — X)~(O.14815 ~ 4.8154-10 3)

And solve for the remaining X:

5

1.7-107° = (0.00559 — X)-(.1433346)°

> = (0.00559 — X)~(2.054480755716-10_ 2)

4

1.7-10

5 2

1.7-10 ~ = 1.148454742445244-10 ~ — 2.054480755716-10 ~-X

X = 476210 °

This value of X should be a bit better than the first estimate, so we go back and
substitute it into the original expression and see how it works:

2
> = (0.00559 —-4.762-10 3)-(0.14815 —-4.762-10 3)

5

1.7-10

5

1.7-10 ~ = 1.7023778154432-10

Which is a very good agreement. It also compares well with the value calculated by
solving the cubic expression.
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So now we can determine the equlibrium concentrations of all the species and the mass of
the precipitate. Remember that:

Pb2* (aq) + 2 CI'- (aq) <--> PbCl, (s)
Initial Conditions: Cpp = 5.591 x 10 M Ccr=0.148M
Change: -X -2-X

From above we found the solution for X

X o= 4762107 M

So the equlibrium concentrations are:

—4
CPb_equlibrium =Cpp-X CPb_equlibrium =8292x10 M

Ccl equlibrium == Cc1 — 2-X CCl_equlibrium = 0.139M

The amout of precipitate is:
Moleppcip == XV
-3
Moleppcip = 1.286 x 10~ mole
MWppcln := (207.2 + 2-35.4527)-gm-mole !

Massppci2 := MoleppcioMWppci2

Massppcyp = 0.358 gm
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