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Introduction

All the chemistry of the natural world occurs
In agueous solution, three equilibria will be
COVer:.

* More application of Acid-Base chemistry

 Solubility of salts and their equilibria

* Formation of complex ions and their
equilibria




15.1 Solutions of Acid or Bases

Containing a Common lon

Consider mixture of CH;COONa (strong electrolyte) and
CH;COOH (weak acid).

CH,COONa (s) — Na* (ag) +CH,COO" (agD

common

CH,COOH (aq) = H* (ag) KCH,COO" (agD> "

The presence of a common ion suppresses
the ionization of a weak acid or a weak base.

The common ion effect is the shift in equilibrium
caused by the addition of a compound having an
lon in common with the dissolved substance.
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Equilibrium Calculations
o

Consider mixture of salt NaA and weak acid HA.

NaA (s(——)Na* (aq) + A" (aq) AT

K =
HA (aq)@ H* (ag) + A™ (aq) : [HA]
K, [HA]
[H*] = -
[A7] Henderson-Hasselbalch
-|Og [H+] — -|Og Ka _ |Og [HA_‘] equatlon
[A7]
[A] pH = pK, + log

[conjugate base]

-log [H*] = -log K, + log THA] [acid]
oH = pK, +log ok pK_ = -log K
2 [HA] a a



What is the pH of a solution containing

0.30 M HCOOH and 0.52 M HCOOK?

Mixture of weak acid and conjugate base!

HCOOH (ag) — H* (agq) + HCOO" (aq)

Initial (M) 0.30 0.00 0.52
Change (M) -X +X +X
Equilibrium (M) 0.30 - X X 0.52 + x
Common ion effect pH = pK_ + log [HCOO]
[HCOOH]
0.30 - x ~ 0.30 0.52]
~ H=3.77+log——=4.01
0.52 + x ~ 0.52 P g [0.30]

HCOOH pK, = 3.77



15.2 Buffered

"

Buffer solution
ol

Q

. I I I I I
1. A weak acid or a weak base and T R T TR T T T

Mole of HCI added

- , S0lutions

A buffer solution is a solution of:

T

pH
o = N W & g O ~N

2. The salt of the weak acid or weak base

Both must be present!

A buffer solution has the ability to resist changes in pH upon
the addition of small amounts of either acid or base.

Consider an equal molar mixture of CH;COOH and CH;COONa

Add strong acid
H* (aq) + CH;COO" (aqg) — CH3;COOH (aq)
Add strong base

OH- (agq) + CH;COOH (aq) — CH3;COO" (aq) + H,0 (I
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Q 15.2 Buffered Solutions
-

§ Which of the following are buffer systems? (a) KF/HF
(b) KBr/HBr, (c) Na,CO4/NaHCO,

(a) KF i1s a weak acid and F- is its conjugate base
buffer solution

(b) HBr is a strong acid
not a buffer solution

(c) CO5% is a weak base and HCO4 is it conjugate acid
buffer solution



'#1 QUESTION

The dissociation constant of propanoic acid (HC;H:0,) is 1.3 x 10->.
What is the pH of a buffer made with 0.50 M propanoic acid and
0.25 M NaC;H:O, (the sodium salt of propanoic acid)?

4.59
5.19
7.00
I’m not getting any of these answers.

B~

Choice 1 is the correct pH of the buffer. There Is an assumption
being made here about the concentration of the salt to be only
from the salt added. This ignores the small amount of propionate
[C;H:O,] that may be produced from the acid dissociation.



Calculate the pH of the 0.30 M NH;/0.36 M NH ,CI

buffer system. What is the pH after the addition of 20.0
, mL of 0.050 M NaOH to 80.0 mL of the buffer solution?

NH," (aqg) —— H™" (aq) + NH; (aq)

pH = pK, + log INH,] pK,=9.25 pH=9.25+ log [0.30] @

[INH,*] [0.36]
start (moles) 0.029 0.001 0.024

NH,* (ag) + OH™ (aq) — H,0 () + NH; (aq)
end (moles) 0.028 0.0 0.025

final volume = 80.0 mL + 20.0 mL = 100 mL

0.028 0.025 [0.25]
¥ = — - — — . +
INAST="010 NFLI= Tgg PR =9-25+1007574 020




The abillity of buffers to absorb amount of H* or OH- without a
significant change in pH. It is determined by the ratio [A]/[HA].

Adding 0.010 mol gaseous HCl to 1L
of the following solutions:

A-1.0 M HAc & 1.0 M NaAc

(before): pH =4.74

(after): pH=4.74-0.0088 =4.73
0.2 % change

B- 0.010 M HAc & 1.0 M NaAc

(before): pH=4.74 + 2.00 =6.74

(after): pH=4.74+1.69=06.43
4.5 % change

Solution A Solution B

Original A 3 Final A s Final B
[HAc] [HAc] [HAc]
, \.‘f.i'/b cha?g? 7 ] 50.5% change ]
Original A H* Final A Original B . Final B
[H]=1.8 x 10°M —= [H] =1.8x 10°M [H']=1.8x 107 M = [H*] =3.6 X 107 M
pH=4.74 pH=4.74 pH =6.74 pH = 6.44

The best buffer Is the one has ratio
closest to 1 or its equilibrium
constant i1s of value close to the
desired pH.




¥ |QUESTION

To culture a certain bacteria a microbiologist would like to
buffer the media at a pH of 3.75. To maximize the efficiency
of the system a 1:1 ratio of acid to salt will be used. Which of
the following acids would make the best choice for the buffer?

Acetic acid; K, = 1.8 x 10
Propanoic acid; K,= 1.3 x 10
Formic acid; K, = 1.8 x 10~
Nitrous acid; K, = 4.0 x 10—

B~

Choice 3 represents the best selection for this buffer. If the
acid:salt ratio is to be 1:1, the pH will equal K,. At a pH of
3.75 the closest pK, would be from formic acid: 1.3 x 104



15.4 Titrations and pH Curves

In a titration a solution of accurately known concentration is
added gradually added to another solution of unknown
concentration until the chemical reaction between the two
solutions is complete.

Equivalence point — the point at which the reaction is complete

Indicator — substance that changes color at (or near) the
equivalence point ... [!

1

Slowly add base

e to unknown acid
UNTIL hr
! | \ The indicator \
= changes color &=

oes | 4 g=



NaOH (aq) + HCI (ag) — H,O (1) + NaCl (aq)
OH" (ag) + H* (ag) — H,0 ()

13 Volume NaOH
12 - added (mL) pH
0.0 1.00
i After 5.0 118
108 10.0 1.37
28 15.0 1.60
8 20.0 1.95
22.0 2.20
PH ; —Ab— LEquivalence.-.___________\____ | 24.0 569

£ 1 t = 3
> 8 Be 26.0  11.29
43 - 28.0 11.75
3 : 30.0 11.96
; | 350  12.22
2 Before | 40.0 12.36
1 | 45.0 12.46
0 | b | - 50.0 12.52
10 20 30 40 50

Volume of NaOH added (mL)

Before: [H*] = Left moles (Acid-Added Base)/Total volume
At [H*] = Water
After: [OH"] = Left moles (Added Base-Acid)/Total volume




‘-..l Weak Acid-Strong Base Titrations

y CH3;COOH (ag) + NaOH (ag) — CH;COONa (aq) + H,O (I
— 4CH;COOH (ag) + OH" (ag) — CH,COO" (aq) + H,O ()

At equivalence point (pH > 7):
CH,;COO" (ag) + H,O () «—= OH" (ag) + CH3;COOH (aq)

14 -

Volume NaOH
13 After . e added (mL) PH
12 - 0.0 287
1 s 5.0 414
10.0 457
Equivalence 15.0 4.92
“tpoint 20.0 5.35
i 220 5.61
B 24.0 6.12
25.0 8.72
26.0 10.29
28.0 11.75
30.0 11.96
35.0 12.22
40.0 12.36
45.0 12.46
50.0 12.52

1 | | 1 | |
10 20 30 40 50
Volume of NaOH added (mL}

Before: [H*] = Left moles (Acid-Added Base)/Total volume then use ICE
At: [H*] = Use ICE for Salt of weak acid and strong base

After: [OH"] = Left moles (Added Base-Acid)/Total volume
O



Exactly 100 mL of 0.10 M HNO,, are titrated with a

0.10 M NaOH solution. What is the pH at the
equivalence point ?

— |
start (moles) 0.01 0.01
HNO, (aq) + OH" (ag)—— NO," (aq) + H,O (1)
end (moles) 0.0 0.0 0.01
. _ L _ 0.01 _
Final volume = 200 mL INO, ] = 0.200 — 0.05M
NO, (aq) + H,O () —= OH" (aq) + HNO, (aq)

Initial (M) 0.05 0.00 0.00
Change (M) -X +X +X
Equilibrium (M) 0.05 - x X X

_ [OHTHNO,] . x*  _ 11 pOH =5.98
K, = INO,]  ~ 0.05x 2.2x10 P :

0.05-x~0.05 x=~1.05x10€=[0OH] PH=14-pOH=28.02



Stronqg Acid-Weak Base Titrations

HCI (ag) + NH; (ag) — NH,CI (aq)

. H* (ag) + NH; (ag) — NH,CI (aq)
At equivalence point (pH < 7):
NH," (ag) + H,O () «<— NH; (aq) + H* (aq)

12 =

11 Volume HCI
added (mL) pH
10 - 0.0 11.13
10.0 9.44
8= 15.0 9.08
7 _ 20.0 8.66
oH 6 22.0 8.39
= 24.0 7.88
§ SR Equivalence ——-AI--_-“-- 598
point 26.0 2.70
4 = 28.0 2.22
3 - 30.0 2.00
35.0 1.70
¢ : 40.0 152
1 = | 45.0 1.40
) . -+ . Before 560 130

10 20 30 40 50
Volume of HCI added (mL)

Before: [OH"] = Left moles (Base-Added Acid)/Total volume then use ICE
At: [H*] = Use ICE for Salt of strong acid and weak base
After: [H*] = Left moles (Added Acid-Base)/Total volume



15.5 Acid-Base Indicators

HIn (ag) «—— H" (ag) + In™ (aq)

> 10 Color of acid (HIn) predominates

<10 Color of conjugate base (In") predominates

Indic

Solutions of Cabbage [

The useful range
for any indicator e
IS given by Bromd

Methy
Methy
Chlor¢

Bromc¢ RS BRSSO M IR TE
a Cresol = E A ]
— Pheno : .




Which indicator(s) would you use for a titration of

HNO, with KOH ?

Weak acid titrated with strong base.

At equivalence point, will have conjugate base of weak acid.
At equivalence point, pH > 7

Use cresol red or phenolphthalein

Some Common Acid-Base Indicators

Color
Indicator In Acid In Base pH Range*
Thymol blue Red Yellow 1.2-2.8
Bromophenol blue Yellow Bluish purple 3.0-4.6
Methyl orange Orange Yellow 3.1-44
Methyl red Red Yellow 42-6.3
Chlorophenol blue Yellow Red
Bromothymol blue Yellow Blue
Cresol red Yellow Red
Phenolphthalein Colorless Reddish pink
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15.6 Solubility Equilibria and Solubility Product

AgCl (s) — Ag* (aq) + CI" (aq)

Ksp = [AGT][CI] Ksp IS the solubility product constant
MgF; (s) =—— Mg*" (aq) + 2F" (aq) Ksp = IMg=*][F 2
Ag,CO; (s) —— 2Ag* (aq) + CO3* (aq) Ksp = [AG*][CO57]
Caz(PO,), (s) —— 3Ca®* (aq) + 2PO,* (ag) Ky, = [Ca=*]*[PO;* ]

Dissolution of an ionic solid in agueous solution:

Q<K Unsaturated solution No precipitate
Q =K, Saturated solution

Q>K,, Supersaturated solution Precipitate will form



Molar solubility (mol/L) is the Solubility (g/L) is the number of
number of moles of solute dissolved  grams of solute dissolved in 1 L of a
in 1 L of a saturated solution. saturated solution.

Concentrations
of cations
and anions

Molar
solubility of
compound

Concentrations Molar
MK, of Solubility of
cnmppound of cations solubility of compound
and anions compound

Relative Solubility

«Salts being comBared produce same no. of ions, e.g., Agl,
Cul, CaSO4, KSP used for comparison.

«Salts being compared produce different no. of ions, e.g., Agl,
Ag,S.. Kp cannot be used for comparison.

Solubility of
compound




What is the solubllity of silver chloride in g/L ?

AgCl (s) — Ag* (aq) + CI" (ag) K, = 1.6 x 1010

Initial (M) 0.00  0.00  K_ =[Ag[Cl]
Change (M) +S +S Kgp = 87
Equilibrium (M) S S S =VKsp

s=1.3x10>
[Ag]=1.3x105M [CI]=1.3x 105 M

1.3 x 10> mel-AgCI « 143.35 g AgCl
1L soln 1 mol-AgCT

Solubility of AgCl = =1.9x 103 g/L




What concentration of Ag is required to precipitate

ONLY AgBr in a solution that contains both Br- and CI-
at a concentration of 0.02 M?

AgBr (s) «—— Ag* (aq) + Br (ag) Ksp =77 x 1013
Ksp = [AG™][Br]

L Ky 7.7x1073
AG'I= 187 = 0.020

=3.9x1011 M

AgCl (s) «—— AQ* (aq) + Cl (aq) Ksp = 1.6 x 10-10
Ksp = [AGT][CI]

Kep 1.6 x 1010

[Br]  0.020

[Ag*] = =8.0x 109 M

3.9 x 1011 M < [Ag*] < 8.0 x 109 M



Q The Common lon Effect and Solubility

AN
% N $ The presence of a common ion decreases
the solubility of the salt.

What IS the molar solubility of AgBr in (a) pure water
and (b) 0.0010 M NaBr?
NaBr (s) — Na' (aq) + Br (aq)
AgBr (s) —— Ag* (aqg) + Br (aq) (Br] = 0.0010 M

— -13
K 2 - =7.7x10 AgBr (S) - Ag+ (ag) +(aq)
S [Ag']=s

4
@ T 107> [Br] =0.0010 + s ~ 0.0010

Kgp = 0.0010 X' s

SS =7.7/X 10'102




e !
¥\ pH and Solubility
—

W\ . .
g? ) « The presence of a common ion decreases the solubility.
* Insoluble bases dissolve in acidic solutions

/////\\\  |nsoluble acids dissolve in basic rseoeltgtgii(/)ens
Mg(OH), (s) ——= Mg?* (aq) + 20H" (aq)

At 'pH less than 10.45
Ksp = [Mg#*][OHT]2 = 1.2 x 1011

Lower [OH]
Ksp = (8)(28)% = 4s° ]
As3 = 1.2 x 10-11 OH" (aq) + H* (agq) — H,0 ()
s=14x%x104M Increase solubility of Mg(OH),
[OH]=2s=2.8x10*M At pH greater than 10.45
pPOH = 3.55 pH =10.45 Raise [OH]

Decrease solubilitz of MgSOHZa



15.7 Precipitation and Qualitative Analysis

If 2.00 mL of 0.200 M NaOH are added to 1.00
L of 0.200 M CacCl,, will a precipitate form?

Ce’ and 10,

The ions present in solution are Na*, OH", Ca?*, CI". ertermme initial

concentrations

Ion product is
[Ce™]p [1057]5°

Only possible precipitate is Ca(OH), (solubility rules).

Is Q > K, for Ca(OH),? ' I Find 0
[Ca"], = [OH, = 4.0 X N 05,
0.100 M 104 M |
Q =[Ca?*],[OH])? =0.10x (4.0x10%)2=1.6 V"Lj
x 108 " k\,_le_f
K, = [Ca?][OH? = 8.0 :
x 106 No Precipitation of

precipitation Ce(103)3

Q< No precipitate will |
b




T . e
y Selective Precipitation and

- Qualitative Analysis

Solution of Hg,™*, Ag", sz*, Hg*', Cd*, Bi™*, Cu*, Sn*, Co™", Zn**, Mn®™*, Ni*",
Fe?*, Cr**, AP, Ca%, Ba?", Mg, NII*, Na*, K*

Add HCl (ag)
Solution of ‘ 1
Mn2+, Ni2+, Cu2+, Hg2+
Precipitate of Hg,Cl,, AgCl, PbCl, Solution of
(Group I) Groups II-1V
Add H.S
(acidic, pH = 2) Add H,S (ag)
Precipitate ol Solution of Precipitate of HgS, CdS, Bi,S;. Solution of
. CuS, SnS, (Group I} Groups -V
CuS, HgS Mn**, Ni** 2R

Add NaOH (agq)

Add OH to i l
bring pH to 8

Precipitate of CoS, ZnS, MnS, NiS, Solution of
Precipitate of FeS, Cr(OH),, AI{OH); (Group III) Groups IV. V
MnS, NiS Add Na,COx (aq)
Precipitate of CaCO;, BaCOj, Solution of
MgCO; (Group IV) Group V




ﬂ 15.8 Complex lon Equilibria and Solubility
—

A complex ion is an ion containing a central metal cation
bonded to one or more molecules or ions.

Co?%* (aq) + 4ClI- (aq) — COCIi'(aq)

The formation constant or stability constant (K;) is the
equilibrium constant for the complex ion formation.

Co(H,0):"  CoCly

" K = [COCLZ{]
| A '~ TICoFICIT

K ] stability of ]
f complex




‘ -
Given the following values of equilibrium constants:
Cu(OH),(s) =— Cu “(aq) + 20H (aq) Ksp = 1.6 x 19_

— Cu’ “(aq) + ANH;(aq) K = 1 0x 10

What is the value of the equilibrium constant for the reaction:

Cu(OH),(s) + 4NH,(aq) = Cu(NH,),”*(aq) + 20H (aq)

1) 1.6x10°° i

2§ 52 10 3) 1.6 x 10

3) 1.6 x 10—22 The equilibrium constant
4) 1.6x10 equal to K,/ K

5) 1.0 x 10"



-1

= Table 16.5 Separation of Cations into Groups According to
- Their Precipitation Reactions with Various Reagents

Group Cation Precipitating Reagents Insoluble Compound Ksp

1 Ag* HCl AgCl 1.6 X 10710
Hgs" Hg,Cl, 3.5x 10 18
Pb2* PbCl, 2.4x 1074

2 Bi®* H,S Bi,S; 1.6 X 10772
Cd?™ in acidic Cds 8.0x 10728
Ccu?t solutions CusS 6.0 x 107%
Sn2* ! SNnS 1.0 X 1072

3 AR+ H,S Al(OH); 1.8 x 1073
Co?* in basic CoS 4.0 X 10 2
Gr>" solutions Cr(OH); 3.0 x 1072%°
Fe2™" FeS 6.0 x 10~ 1°
Mn?* MnS 3.0 x 107 ™
Ni®* NiS 1.4 X 1072
Zn**t |} ZnS 3.0 x 10 %

4 Ba®*t Na,CO; BaCO; 8.1x10°
ca?t CaCO; 87 x10°
SIe 1 SrCO; 1.6 X 107°

5 K* No precipitating None
Na* reagent None
NH, None




Qualitative Analysis of
Cations

e e K

Solution coniaining ions
of all cation groups

+HCI

Filtration
Solution containing ions
of remaining groups
| +H,s

= Group 1 precipltates
AgCl, Hg,Cl,, PbCl,

¢ Filtration
Pl b e
Solution containing Inm’
of remaining groups
+NaOH

Filtration
3367 ._:-;...;-M—{\.‘(‘:-"\_t'.-*: R e
TEET L S

......

Solution containing ions
of remaining groups

| +Na,CO,

srrscg g T T AT T TR
e R At 3?'3‘_;.':.-\."9‘?\-.;-,:}: o
AL R A S SR TR LR SR s

Solution contains
Na*, K*, NH} ions

’l Filtration

= Group 2 precipitates
Cus, CdS, 5nS, Bi,S,

Group 3 prn:ipiﬁtu
CoS, FeS, MnS, Nis
ZnS, Al{OH),, Cr{OH},

= Group 4 precipitates

BaCO,, CaCO,, SrC0,




Chemistry In Action:

How an Eggshell is Formed

Ca?* (aq) + CO;% (aq) —— CaCOy (s)

carbonic
CO, (g) + H,0 () — H,CO, (aq)

anhydrase
H,CO; (aq) ——H* (aq) + HCO;" (aq)

HCO; (aq) —— H* (aq) + CO,;* (aq)




	Chapter 15
	Chapter 15 PreviewApp. Aqueous Equilibria
	Introduction
	15.1 Solutions of Acid or Bases Containing a Common Ion
	Equilibrium Calculations
	15.2 Buffered Solutions
	QUESTION
	15.3 Buffered Capacity
	QUESTION
	Selective Precipitation  and Qualitative Analysis
	QUESTION
	Cation Analysis

