Acid - Base Theory
|. Review of Acids & Bases

A. Characteristics of Acids

B. Characteristics of Bases

C. Three Concepts of Acids-Bases
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D. Expansion of Bronsted-Lowry Concept

1. Acid, ---->H" + Base,

Acid, + Base, ----- > Base, + Acid,

3. HAC+ OH -—-->Ac + H,0



1. pH
A. Def-

OH = —log[H+] ~log—~

[H+]

= -log [H,O"]

B. Calculate pH for
[ H'] pH

C. lonization of Water
1. HO=H"+OH

_ [H7][OH ]
> [H,0]

Key [H0] = [H][OH]]

K

K =

w



2. At25°C [H]=[OH]=1x10'M

K =

w

3. HencefromK,=[H"][OH]
[H1]= [OH]=



4. Eg. What isthe pH of 0.003 M
NaOH?



. Eg. What isthe pH of a0.0005 M
Ba(OH), Solution?

. Additional realtionships resulting
from the ionization of water



a. Calculate the pH of a0.00003333
m solution of Ce(OH), in water.

7. Solvents other than Water



[11. lonization of Weak Acids and Weak Bases
-Calculation of pH
A. No Common lon

B. Common lon present from external
source



V.

Hydrolysis (or Rxn of Weak Acid's
Conjugate Base or Weak Base's
Conjugate Acid with water)

A. Concept
HAc+H,O=Ac + H,O'

Ka=

NaAc in H,0O- Hydrolysis




B. Other relationships derived from the
concept

1 If KooK, =K,

2. IfK, e K, =K,

pKa + pKh - pKW
PKa+ PKy =14



C. Working of Hydrolysis Problem

1. Recognizeit as hydrolysis

2. Write hydrolysis Rxn

3. Find K, & write expression for K,

4. Use conditions in the problem to
work out the equilibrium calculations



D. What isasolution’spH if itis0.20
molar in NH,Cl (ag) ? The K, for NH, is
1.8 x 10™.



V. lonization of Polyprotic Acids
A. HAA=H"+HA"

[H,A T[H ]
Kal -
[H,A]
HA < H* + HA®
[HA 2][H ‘]
K _ =
“ HAT
HAZ = H* + A3
« _ IATIH)

[HA ]



VI.

Henderson-Hassel bach Equation- To
calculate the pH of a solution containing
amixture of aWeak Acid and its
conjugate base (salt) when the K (or
pK,) pf the (weak) acid is known.

A. Acid Equation: HA = H" + A’

« - IHIA]

) [HA]

_ oK. + log 1AL
pH = pK, + log HA]
pH = pK, + log [l

2 [Acid]



B. Base Equation: B + H,O<= BH" +OH

« _ [BHI[OH ]

’ [B]

_ N [BH ]
POH = pK -+ log B

~ [Salt]
POH = pK  + log 'Basd

[BH 1

pH = pK, - pPOH = pK, -(pK, + log
[B]

[BH ]

pH = 14-pK, -log
’ [B]




C. Suppose you have a mixture of 5.00 x
10°M HA_and 1.00 x 10° M Ac.
Calculate the pH of the mixture. TheK,
for HAcis 1.80 x 10™.



D. Note: A mixture of aweak acid and its
conjugate base

or
Weak base and its conjugate acid

Is called a Buffer {resists all pH
changes}



VII. Calculate pH during Titration
A. Approach

1.

2.
3.

Calculate the # moles of acid &
base present
Seewhich isin excess
Use volume of solution to
calculate the conc. of excess acid
or base
Use concentration of excess &
whether it is strong or weak to
calc. the pH at that point.
a. strong- calc. conc. of H* or
OH" (may need to use
Ky, =[H][OHT)

b. Weak - Equil Calculation

At Equivaence Point- it may be
a hydrolysis calculation assuming
all the weak acid (base) is present
as its salt- Calc. the conc. of the
salt and let x moles/| hydrolyze



6. Beyond the Equivalence Point-
Calculate Concent. of (excess)
strong acid or base

B. Summary

1. Before EP:

2. AtEP:

3. Beyond EP-



Titration Curve Calculations

Calculate and graph the titration curve obtained
when 50.00ml of 0.1000 M HCI are titrated with
0.1000 M NaOH. Calculate the pH values when
O ml, 10.00 ml, 20.00 ml, 30.00 ml, 40.00 ml,
45.00 ml 48.00 ml, 49.00 ml, 49.99 ml, 50.00
ml, 50.02 ml, 50.06 ml, 50.20 ml, 50.90 ml,
52.00 ml, 55.00 ml, 60.00 ml, 70.00 ml, 80.00
ml, and 90.00 ml of 0.1000 M NaOH are added.

mmoles
ml

HCl + NaOH ----> H,O + NaOH

#* mmoles HCI =0.1000 x 50.00 ml = 5.000 mmoles HCI

a V,=0ml
[H] =0.1000M =1 x 10*
pH=1.0



b. V,=10.00ml
* mmoles NaOH = .1000 M x 10.00
ml = 1.000 mmoles
* mmoles H* left = 4.000 mmoles
Total Vol =50.00 ml + 10.00 ml =
60.00 ml
4.000mmoles

H] = - .06667 M
60.00m

pH =-log (6.667 x 10°) = 1.18

c. V,=20.00ml
* mmoles NaOH = .1000 M x 20.00
ml = 2.000 mmoles
*mmoles H* |eft = 5.000-2.000 =
3.000 mmoles
Total Vol = 50.00ml + 20.00ml =
70.00 ml

[H] - 3.000mmoles _ 04206 M

70.00mi
pH = -log (4.256 x 10°) = 1.37




d. V,=50.00ml
* mmoles NaOH = .1000 M x 30.00
ml = 3.000 mmoles
mmoles H* left = 5.00 - 3.000 =
2.000 mmoles

Total Val = 50.00 ml +30.00ml =
80.00 ml

[H] - 2.000 mmoles — 02500
80.00 ml

pH = -log (2.500 x 10°) = 1.60

e. V,=40.00 ml
#mmoles NaOH = .1000 M X
40.00ml = 4.000 mmoles
# mmoles H* left = 5.000 - 4.000 =
1.000 mmoles
Total Vol =50.00 ml +40.00 ml =
90.00 ml

[H] - 1.000 mmoles - 01111 M

90.00 ml
pH =-log (1.111 x 10°) = 1.95




f.

V,=45.00 m|

# mmoles NaOH = .1000 M x 45.00
= 4.500 mmoles

# mmoles H™ left = 5.000 - 4.500 =
0.500 mmoles

Total Vol =50.00 ml + 45.00 =
95.00 ml

[H] - 0.500 mmoles _ 005263 M

95.00 ml
pH =-log (5.263 x 10°) = 2.28

V,=48.00 m|

# mmoles NaOH = .1000 M x 48.00
ml = 4.800 mmoles

# mmoles H* left = 5.000 - 4.800 =
0.200 mmoles

Total Vol =50.00 ml +48.00 ml =
98.00 ml

[H] - 0.200 mmoles _ 00204M

98.00 ml
pH =-log (2.041 x 10”) = 2.69




h. V,=49.00 mi
# mmoles NaOH = .1000 M x 49.00
= 4,900 mmoles
# mmoles H* left = 5.000 - 4.900 =
0.100 mmoles
Total Vol =50.00 ml + 49.00 ml =
99.00 ml

H] - 20 mmles 551610 m

99.00 mi
pH = -log (1.0101x 10°) = 3.00

. V,=49.99 m|
# mmoles NaOH = .1000 m x 49.99
= 4.999 mmoles
# mmoles H* left = 5.000 - 4.999 =
.001 mmoles
Total Vol =50.00 ml +49.99 ml =
99.99 ml

0.001 mmoles

[H] = =1x10° M
99.99 ml

pH =-log (1x 10°) = 5.00




V, =50.00 mi

# mmoles NaOH = .1000 M x 50.00

= 5.000 mmoles

# mmoles H* left = 5.000 - 5.000 =

0.000 mmoles

Source of H* from H,O = H" + OH"

1x10* =K, =[H] [OH]

x*=1x10%*
Xx=[H]=1x10'

pH=-log (1 x 107") = 7.00

. V,=50.02 mi

# mmoles excess NaOH = .1000 M X

.02 (excess) = .002 mmoles

Total Vol = 100.02 mi

[OH ] = 002 mMoles _ 990 105 M
100.02 ml

pOH = -log (1.990x 10°) = 4.70

pH =14 - pOH = 9.30




V, =50.06 ml
# mmoles excess NaOH = .1000 M x
.06 ml = .006 mmoles

Tota Vol = 100.06 mi

[OH ] - Q06 mmoles _ 5 o9y 105 M
100.06 m

pOH = -log (5.99x 10°) = 4.22
pH =14 - pOH =9.78

m. V, =50.20 mi
# mmoles excess NaOH = .1000 M x

.20 = .020 mmoles
Tota Vol =100.20 mi

[OH ] - 020 mMoles _ 4 995 y 104 M
100.20 mi

pOH = -log (1.996x 10“) = 3.70
pH =14 - pOH = 10.30




n. V,=50.90 mi
# mmoles excess NaOH = .1000 M x
.90 ml = .090 mmoles
Total Vol =100.90 ml
[OH ] = 990 mmoles _ g a5 104 M
100.90 ml
pOH =-log (8.92 x 10%) = 3.05
pH =14 - pOH = 10.95

0. V,=52.00 ml
# mmoles excess NaOH = .1000 M x
2.00 ml = .200 mmoles

Tota Vol =102.0 ml
[OH ] - .200 mmoles

102.0 mi

pOH =-log (1.96 x 107°) = 2.71
oH = 14 - pOH = 11.29

= 1.96 x 10 M




p. V,=5500ml
# mmoles excess NaOH = .1000 M x
5.00 ml = .500 mmoles
Total Vol = 105.0 ml

[OH ] - 200 mmoles _ 76 4 103 M

105.0 m

pPOH = -log (4.76 x 107) = 2.32
oH = 14 - pOH = 11.68

g- V,=60.00mi
# mmoles excess NaOH = .1000 M x
10.00 ml = 1.000 mmoles
Total Vol = 110.00 ml

[OH ] - 1000 mmoles _ 49y 103 M

110.00 m

pOH = -log (9.09x 10°) = 2.04
pH = 14 - pOH = 11.96




I.

V, =70.00 ml
# mmoles excess NaOH = .1000 M x
20.00 ml = 2.000 mmoles

Total Vol = 120.00 mi
2.000 mmoles

[OH ] = = 1.667 x 102 M

120.00 m

pOH = -log (1.667 x 10°) = 1.78
pH =14 - pOH = 12.22

V, =80.00 ml

# mmoles excess NaOH = .1000 M x
30.00 ml = 3.000 mmoles

Total Vol = 130.00 ml

[OH ] - 3000 mmoles _ 51\ 102 m

130.00 ml

pOH = -log (2.31x 10%) = 1.64
pPH =14 - pOH = 12.36




t.

V,=90.00 mi

# mmoles excess NaOH = .1000 M x

40.00 ml = 4.000 mmoles

Tota Vol = 140.0 ml

[OH ] - 2000 mmoles 5 g5 4 102 m
140.00 ml

pOH = -log (2.86 x 10%) = 1.54

pH =14 - pOH = 12.46




2. Calculate and graph titration curve obtained
when 50.00 ml of 0.1000 m HAc aretitrated
with 0.1000 m NaOH. Calculate the pH
values when 0.00 ml, 10.00 ml, 20.00 ml,
30.00 ml, 40.00 ml, 45.00 ml, 48.00 ml,
49.00 ml, 49.99 ml, 50.00 ml, 50.02 ml,
50.06 ml, 50.20 ml, 50.90 ml, 52.00 ml,
55.00 ml, 60.00 ml, 70.00 ml, 80.00 ml,
90.00 ml of 0.1000 m NaOH are added.
K,=1.8x 10>



# mmoles HAc = 0.12000 mmoles/ml x 50.00
ml = 5.00 mmoles
HAc + NaOH —> NaAC + H,O

a V,=0ml

[H'] due to breakdown of HAC
HAc=H"+Ac

K, -18x10°5 - [H1lAC]
=1

[HA]

List x moles HAC react
HT=x
AcC] =X
HAc] =.1000-x =~.1000
18 x 10°5= =
1000

1.8 x 10° = x?
X=[H"]=134x10°M
pH =-log (1.34 x 10°) = 2.87




—> when base is added
H] - kLA
[Ac]
b. V,=10.00 ml NaOH
# mmoles NaOH added = .1000 M x
10.00 ml = 1.000 mmoles

# mmoles Ac produced = 1.000
mmoles

# mmoles HAc left = 5.000 - 1.000 =
4.000 mmoles

Total Vol =50.00 + 10.00 = 60.00 mi

4.000 mmoles

[HAC] = = 6.667 x 102 M
60ml
(Ac] - 000 Mmales ) g57 4 102 M
60 ml
H = K, [HAD _ (15 105 (8867 X107 _ 7554 105
[Ac ] (1,667 x 1072

pH =-log (7.20 x 10°) = 4.14



c. V,=20.00 ml NaOH

# mmoles NaOH added = .1000 M x
20.00 ml = 2.000 mmoles

# mmoles NaAc produced = 2.000
mmoles

# mmoles HAc left = 5.000 - 2.000 =
3.000 mmoles

Total Vol =50.00 + 20.00 = 70.00 mi

3.000 mmoles

[HAC] = = 428 x 10° M
70.00 ml
[Naac ] - 2900 MMoles 5 g5 102 M
70.00 ml
-2
H] - (1.8 x 105 28 X109 _ 569« 10°

(2.80 x 1079
pH =-log (2.69 x 10°) = 4.57



d. V,=30.00 ml NaOH

# mmoles NaOH added = .1000 M x
30.00 ml = 3.000 mmoles

# mmoles Ac produced = 3.000
mmoles

# mmoles HAc left = 5.000 - 3.000 =
2.000 mmoles

Total Vol =80.00 ml

2.000 mmoles

[HAC] = 000m 250 x 102 M
.Uum
[Ac] = 3'05558‘”“:'% - 375 x 102 M
. m
H =k LHAD _ (18 x 109 250X 107) _ 455, 40
[Ac] (3.75 x 10?9

pH =-log [H*] = -log(1.20 x 10°) = 4.92



e. V,=40.00 ml NaOH
* mmoles NaOH added = .1000 M x

40.00 ml = 4.000 mmoles

* mmoles Ac produced = 4.000
mmoles

mmoles HAc left = 5.000 - 4.000=
1.000 mmoles

Total Vol =90.00 ml

1.000 mmoles _ 111 x 102 M

[hAC] =
90.00 m
[2¢] - 4'05558‘”“:'% - 444 X 102 M
. M
2
H] = xa \PAL _ 15y 105 (111 X109
[Ac] (4.44 x 1072

=450 x 10° = 4.50 x 10°®
pH = -log (4.50 x 10°) =5.35



f. V,=45.00ml

# mmoles NaOH = 4.500 mmoles
# mmoles NaAc = 4.500 mmoles

# mmoles Hac = 0.500 mmoles
Total Vol =95.0 mi

[HAC] = 0.500 mmoles/ 95.00 ml =

5.26 x 10° = 526 x 10

[Ac] = 4.500 mmoles/ 95.00 ml =
4,74 x 10°
[H] - 1.8 x 10-5 (526 X 107)

(4.76 x 1079
=.200x 10°=2.00x 10°M

pH= -log(2.00 x 10°%) = 5.70



g. V,=48.00 mi
# mmoles NaOH = 4.800 mmoles

# mmoles Ac = 4.800 mmoles

# mmoles HAc = 0.200mmoles
Total Vol =98.00 ml
[HAc] = 0.200 mmoles/ 98.00 ml =

2.04x 10°=.204 x 10°

[Ac] =4.800 mmoles/ 98.00 ml =
4.90 x 10

105 (204 x 109
(4.90 x 107

[H] = 1.8 X
=7.49x 10'M

pH=-log(7.49 x 10") = 6.12



h. V,=49.00 mi
# mmoles NaOH = 4.900 mmoles =

mmoles Ac = 4.900 mmoles

# mmoles HAc = 0.100mmoles

Total Vol =99.00 mi

[HAC] = 0.100 mmoles/ 99.00 ml =.101 x 102 M

[Ac] = 4.900 mmoles/ 99.00 ml = 4.95x 10° M

105 (101 x 10°2M)
(4.95 x 10°2M)

=3.67x10'M

[H] = 1.8 X

pH=-log(3.67 x 10") = 6.44



.V, =49.99 ml

# mmoles NaOH = 4.999 mmoles =

mmoles Ac = 4.999 mmoles

# mmoles HAc = 0.001lmmoles
Total Vol = 99.99 ml
[HACc] = 1 x 10° mmoles/ 99.99 mi

=1.000 x 10™ =.001000 x 10*

[Ac] =4.999 mmoles/ 99.00 ml =
5.00 x 10°

o5 (001000 x 10°?)
5.00 x 1072

[H] =18 x1 = 3.6 x 107°

pH=-log(3.6 x 10°) = 8.44



j. V,=50.00ml

“All” HAc has been neutralized - The
[H"] depends upon the hydrolysis of the
Ac produced

Ac + H,O=HAc+ OH

Kw _ [HAC][OH ]
Ka [AC ]
original [Ac] = 5.000 mmoles/ 100ml =.05000 M

K, =

L et X react

[OH] =[HAC] =X
[Ac] = 0.05000 - x
Assume 0.05000 >> x
So [Ac] =~ 0.05000

1x10* = NG
1.8x 107 5.00 x 10°




(.556 x 109)(5.00 X 10?) = X?
2.78 x 101t = x?

27.8 x 10°= x>
X =[OH]=5.27 x 10°

pOH = -log (5.27 x 10°) = 5.28

pH =14 - pOH = 8.72



After the equiv point (V, = 50.00 ml) NaOH in
excess and the pH Is determined by the [OH]
excess. See calculations k) — t) in the strong
acid-strong base curve for these values.



