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CHEM 1AA3: Intro. Chemistry II

Acid-Base Chemistry

Ch.17: Additional Aspects of 
Acid-Base Equilibria

22

Acid-Base Chemistry: Review (Ch 16)
Bronsted-Lowry Theory

Refer to Ch. 16-2

HCl (aq)  +  H2O (l)  Cl- (aq)  +  H3O+ (aq)
Acid Conjugate BaseBase Conjugate Acid

NH3 (aq)  +  H2O (l) NH4
+ (aq)  +  OH- (aq)

• acid = H+ donor, base = H+ acceptor

• acid/base reactants & conjugate acid/base products:

• H2O is an amphoteric species (behaves as both an acid or a base)

Base Conjugate AcidAcid Conjugate Base

saba
Sticky Note
conjugates differ by a proton

acid is a H+ donor ased on bronsted

they come together to mke salt

saba
Sticky Note
strong acid and therefor compeleyl dissociates (arrows show)

saba
Sticky Note
theres eqm. 
water is amphoteric (proton donor or acceptor)
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Review: Strong Acids/Bases vs. Weak

Refer to Ch 16-4

• Strong acids to know (6):
HCl, HBr, HI, HClO4, HNO3, H2SO4 

• Strong bases to know: 
Grp I & Grp II hydroxides (many Grp II partially soluble),
hydrides (H−) & oxides (O2−)

44

Review: Strong Acids/Bases vs. Weak

Refer to Ch 16-4

Concept Check:
a) What is the difference between a strong acid (or base) 
and  a weak acid (or base)?

b) Give an example of: a weak acid, a weak base.

c) How do you identify whether an acid or base is 
weak?

saba
Sticky Note
hydrogen and a lone pair - a negetive on the H 

saba
Sticky Note
strong dissociates completely aka percentage ionization.

so weak has 5% or less perc. ionizations


saba
Sticky Note
weak acid: HS, acitic acid
the conjugate pair of 
weak base: NH3

saba
Sticky Note
memorise and see the arrows
titration 
K values... 
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Review: Strong Acids/Bases vs. Weak

Refer to Ch 16-5

Concept check: 

a) Weak acids/bases undergo partial ionization in water; 
strong acids/bases undergo ~complete ionization in water

b) Weak acids:
Weak bases:

Carboxylic acids, HF, H2CO3, H2SO3, HClO2, …
Amines, NH3, CO3

2-, …

66

Review: Strong Acids/Bases vs. Weak

Concept check: 

c) Extent of ionization described in by Ka or Kb

- weak acid: Ka < 1 or pKa > 0

- weak base: Kb < 1 or pKb > 0

O

OH

Ibuprofen, pKa 4.4, weak acid

saba
Sticky Note
Extent of ionization describes by Ka or Kb

weak acid: Ka< 1 or pKa>0
weak base: Kb <1 or Pkb >0

weak acid, its conjugate is weak

as acids get stronger, thier conj base gets weaker but often both members of conj and normal are weak.
so for weak acids and bases, thier vconj will eb same. but for strong acids and bases thier conj will be opp. the more weaker, the more stronger the conj. 



4

77

Review: Water is Amphoteric

H3O+ H2O -OH
pKa = -1.7 pKa = 15.7

strong acid strong base

weak acid 
and 

weak base

88

Review:  Typical pKa Values

saba
Sticky Note
water as a conj base of hydronium is a very week base

hydroxide is strong acid so its conj is weak.
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Review: Acid-Base Equilibrium: Weak acid & Ka

Equilibrium favours reverse process:

Acidity of H3O+ > CH3COOH

Basicity of CH3COO- > H2O

Acid Base Conjugate Base Conjugate Acid
CH3COOH (aq) + H2O (l) CH3COO- (aq) + H3O+ (aq)

Ka

5

3

33 108.1
COOH][CH

]O][HCOO[CH −
+−

×==aK

Refer to Ch 16-5

1010

Review: Acid-Base Equilibrium: Weak base & Kb

AcidBase Conjugate BaseConjugate Acid
NH3 (aq)  +  H2O (l) NH4

+ (aq)  +  OH- (aq)

Equilibrium favours reverse process:

Basicity of OH- > NH3

Acidity of NH4
+ > H2O

5

3

4 1081
][NH

]][HO[NH −
−+

×== .Kb

saba
Sticky Note
weak acid, so its conj is also weak

only strongs are opp

saba
Sticky Note
liquid does not include in Ka expression

saba
Sticky Note
is much much less then 1 .... so the reactant side of the eqm is favored. 

we always react away from strong acid or base towards weaker acid and base


saba
Sticky Note
general note: strong acid and strong base are always on one side of the eqm sign.

here kb is les than one. so hydroxide is stronger base and NH4+ stronger acid
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Review of relationships we know: pH and pKw

For help with these concepts, see the acid-base podcasts in Avenue, and in 
Petrucci refer to Ch 16-3 and 16-7

H2O (l)  +  H2O (l) H3O+ (aq)  +  OH- (aq)
Kw

Kw = [H3O+] [OH-] = 1.0 x 10-14 (25°C)

pKw = pH + pOH = 14.0 Aqueous solution

pKa + pKb = pKw = 14.0

Water autoionization:

For a conjugate acid-base pair:

1212

Review: Weak Acids/Bases: Assumptions

Determine the pH and % ionization of a 0.100 M solution of 
benzoic acid (C6H5COOH): Ka = 6.3 × 10−5

Write down the chemistry – correctly!

Refer to Ex 16-6

Initial 0.100 M - 0 M 0 M

Change - x M + x M + x M

Eq'm 0.100 - x M x M x M

C6H5COOH (aq)  +  H2O (l) C6H5COO- (aq)  +   H3O+ (aq)
Ka

Assume x << 0.100, then (0.100 – x) ≈ 0.100

5
2

56

356 103.6
100.0COOH]H[C

]O][HCOOH[C −
+−

×=
−

==
x

xKa

saba
Sticky Note
K values are temp dependant, thats why we say 25 celsius 

pH + pOH = 14

saba
Sticky Note
this is only for conj acid and bases.. 
Ka x Kb = 14 OR pKa + pKb = 14

saba
Sticky Note
because this was put in the eqm first as question states

saba
Sticky Note
6.3 x 10-5 = x squared/ 0.1-x

chekc if you can assume , its also fine to just do the quad formula





7

1313

Review: Weak Acids/Bases: Assumptions

% Ionization

Assuming x is small avoids a quadratic solution...
HOWEVER – we must check if the assumption is valid!

Check: If                        then assumption is valid (< 5% error):

Then:       x2 = (0.100)(6.3 × 10−5); x = [H3O+] = 2.51 × 10−3

and: pH = -log (2.51 × 10−3) = 2.60

100[HA]
a

>
K

100 is  which,1061
103.6

0.100 3
5 >×=

× −
.

%2.5   100  
M 0.100

M 105.2100
[HA]

][A
1

31

initial

-
=×

×
=×

−

1414

Diagnostic iClicker question

What is the pH of 0.1 M LiCl(aq)?

(a)  7.0

(b)  9.0

(c)  3.8

(d) 12.0

(e)  Need more information.

saba
Sticky Note
when you do this calculation you'l see yes it is greater than 100, and you can assume.

so now you can get rid of the x in 0.100 - x

x squared = (o.1)(6.3x10-5) 
x= [H3O] = 2.5 x 10-3

pH = -log (2.5 x 10-3) = 2.06


saba
Sticky Note
= 2.5 x 10-3 M/ 0.1 x 100 = 2.5% 

saba
Sticky Note
What is the pH of 0.1 M LiCl(aq)?

answer: 7.0

why? because its a neutral salt... 
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Review: pH of Salt Solutions

Is the pH of 0.1 M NaCl(aq) acidic, basic, or neutral?

The salt is soluble, and dissociates in water:

NaCl (aq)  Na+ (aq)  +  Cl− (aq)    • but what happens to the ions?

Na+ (aq) + H2O (l) No Reaction

Cl− (aq) + H2O (l) No Reaction ∴pH = 7 (Neutral)
Neither ion reacts with H2O

Concept Check:

1616

Review: pH of Salt Solutions

Is the pH of 0.1 M NH4Cl(aq) acidic, basic, or neutral?

NH4Cl (aq)  NH4
+ (aq)  +  Cl− (aq) • salt dissolves

pH < 7  (acidic)

Cl− (aq) + H2O (l) No Reaction

NH4
+ (aq) + H2O (l)           NH3 (aq) + H3O+ (aq)

saba
Sticky Note
neutral

saba
Sticky Note
Na+ + H2O -> No rxn
Cl- + H2O -> No rxn

neither ions react with H20
ph = 7 (neutral)

Cl + H2O -> Hcl + OH WOULD NOT HAPPEN because... HCl is strong acid and OH is strong base... strong acid and strong base makes water.. right back where they came from

Na + H2O -> NaOH + H+ DOES NOT HAPPEn because NaOH is strong base and H+ is strong acid... so toegtehr they make water.. right back where they came from



saba
Sticky Note
general note: we said efore rxn always goes from strong acid base to weak... but why?
because stronger acid or base is better at its job.. its better at transfering protons

saba
Sticky Note
less than 7... acid
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Review: pH of Salt Solutions

Is the pH of 0.1 M CH3COONa (aq) acidic, basic or neutral?

CH3COONa (aq)  Na+ (aq)  +  CH3COO−(aq) • salt dissolves

pH > 7  (alkaline)

Na+ (aq) + H2O (l) No Reaction

CH3COO− (aq) + H2O (l) OH− (aq) + CH3COOH (aq)

1818

Acid-Base Review

• Key concepts
– BrØnsted-Lowry acid = H+ donor, base = H+ acceptor
– Conjugate acid-base pairs
– Strong acids/bases: ~100% ionized in water
– Weak acids/bases: equilibrium reaction with water

• Ka and Kb values

– pH of weak acid or weak base = equilibrium calculation
– pH + pOH = 14 for an aqueous solution
– pKa + pKb = 14 for a conjugate acid-base pair
– pH of salt: acidic, neutral or basic

saba
Sticky Note
basic

saba
Sticky Note
take the salt, split it into its ions... and then make them react with water separately.

saba
Sticky Note
Na + H2O -> no rxn
CH3OO- + H2O -> OH- + CH3COOH 

ph <7 (acidic)

saba
Sticky Note
Bronsted Lowry = H+ donor, base = H+ acceptor

COnjugate acid-base pairs

Strong acids/bases = 100% ionized in water

Weak acids/bases: eqm reaction with water 

Ph of weak acid and base = eqn calculation

pH + pOH = 14 for aq solution

pKa + pKb = 14 for conj acid base pairs

ph of salt can be acidic  basic or neutral
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Ch 17: Acid-Base Reactions

• Key to solving acid-base problems is:
– writing the correct chemistry
– determining which species acts as a base and which 

as an acid
– knowing what remains after the reaction has occurred

• Look for the limiting reagent
– also look at what remains and what has been formed

A +  B  ?

x mol y mol ? mol

2020

Acid-Base Reactions

• Consider 3 options:

1. STRONG BASE + STRONG ACID

2. STRONG BASE + weak acid

3. weak base + STRONG ACID

saba
Sticky Note
the whole chapter you do: react acid and base together, find product of the reaction nd find pH... however this sint that easy as said

saba
Sticky Note
basic product


saba
Sticky Note
STRONG BASE RESULT
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1. STRONG BASE + STRONG ACID

NaOH(aq)   +   HCl(aq)   → NaCl(aq)   +   H2O(l)mol

0.85 0.60 -

0.25 0 0.60

Before

After

STRONG 
BASE

neutral 
salt

Limiting reagent 
(consumed)

The solution that remains is STRONG BASE.

Limiting reagent: consider moles before & after reaction.

Stoichiometry (mole) table:

2222

1. STRONG BASE + STRONG ACID

NaOH(aq)   +   HBr(aq)   → NaBr(aq)   +   H2O(l)mol

1.3 1.3 -

0 0 1.3

Before

After

neutral 
salt

Limiting reagents 
(both are consumed)

The solution that remains is neutral (pH = 7).

saba
Sticky Note
mole table is not ice table. mole table focuses on whats being added, consumed etc

characteristics of strong acid/base: always dissociate 100% , unless you have an excess of those in the solution, theyl react completely 

saba
Sticky Note
make up: 0.85

saba
Sticky Note
0.60

saba
Sticky Note
Nacl + H2O

saba
Sticky Note
0.25

saba
Sticky Note
0

saba
Sticky Note
0.60

saba
Sticky Note
 - 

saba
Sticky Note
strong base

saba
Sticky Note
limiting reagent

saba
Sticky Note
neutral salt: we know because if you brek it apart to its ions, Na+ and Cl- and when you react both fo these seperetly with water... you will see no reaction. because youll see it would make NaOH and H+... whenever you have OH and H toegther on side.. theyl form water and so youl go back to beginningg

know to recognize salts like this


saba
Sticky Note
neural salts dont affect pH of solution

saba
Sticky Note
THEREFORE, SOLUTION WILL END OF BEING STRONG BASE

saba
Sticky Note
0

saba
Sticky Note
0

saba
Sticky Note
CRAP

saba
Sticky Note
1.3

saba
Sticky Note
NaBr + H2O

saba
Sticky Note
the neutral salt NaBr (made of ions) has ph 7 and is the nly thing left in beaker... so the solution will have ph of 7.... meaning eqv point... makes sence cause moles of strong acid and strong base are equal
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1. STRONG BASE + STRONG ACID

KOH(aq)   +   HNO3(aq)   → KNO3(aq)   +   H2O(l)mol

1.2 1.6 -

0 0.4 1.2

Before

After

STRONG 
ACID

neutral 
salt

Limiting reagent 
(consumed)

The solution that remains is STRONG ACID.

pH = -log10[H3O+] and

[H3O+] = mol STRONG ACID remaining
total solution volume

2424

2. STRONG BASE + weak acid

KOH(aq)   +   HNO2(aq)   → KNO2(aq)   +   H2O(l)mol

1.3 0.80 -

0.50 0 0.80

Before

After

STRONG 
BASE

weakly 
basic salt

Limiting reagent 
(consumed)

The solution that remains is STRONG BASE.

pH is determined only from the STRONG BASE.

pH = 14 - pOH

saba
Sticky Note
0

saba
Sticky Note
0.4

saba
Sticky Note
1.2

saba
Sticky Note
strong acid

saba
Sticky Note
limiting reagant

saba
Sticky Note
neutral salt

saba
Sticky Note
THERFORE SOLUTION IS STRONG ACID

pH = -log [H3O] and
[H3O] = mol STRONG ACID remaining / total solution volume 

you have to calc [H3O] because when you add molecules in a solution, it chnages concentration 

saba
Sticky Note
weak acid, its nitrous acid N2 NOT n3.. nitric acid

saba
Sticky Note
KNO2 + H2O

saba
Sticky Note
crap

saba
Sticky Note
Ka x Kb = Kw = 10 to the -14



saba
Sticky Note
0.50

saba
Sticky Note
0

saba
Sticky Note
0.80

saba
Sticky Note
weakly basic salt.... dissociates 0.1%

neglagible amount... its so little it wont even matter

saba
Sticky Note
limiting reagent

saba
Sticky Note
strong base.. dissociates 100%

saba
Sticky Note
THE SOLUTION IS STRONG BASE.
PH OF THE SOLUTION ONLY COMES FROM THE STRONG BASE BECAUSE 0.1% IS INSIGNIFICANT
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2. STRONG BASE + weak acid

KOH(aq)   +   HNO2(aq)   → KNO2(aq)   +   H2O(l)mol

1.1 1.1 -

0 0 1.1

Before

After

Limiting reagents 
(both are consumed)

The solution that remains is weakly basic.

pH is calculated as that of a weak base solution.

weakly 
basic salt

NO2
− (aq) + H2O (l) OH− (aq) + HNO2 (aq)

2626

2. STRONG BASE + weak acid

KOH(aq)   +   HNO2(aq)   → KNO2(aq)   +   H2O(l)mol

0.80 1.3 -

0 0.5 0.80

Before

After

weak 
acid

Limiting reagent 
(consumed)

The solution that remains is a mixture of a weak acid 
and its conjugate weak base. This is a special case – a 
buffer solution.

weakly 
basic salt

saba
Sticky Note
0

saba
Sticky Note
0

saba
Sticky Note
1.1

saba
Sticky Note
both are limiting reagents

saba
Sticky Note
weakly basic salt

saba
Sticky Note
solution is weakly basic.
ph is calculated by weak base solution

NO2 + H2O -> OH + HNO2
.... so hwo can the solution be weakly basic, when theres fully an acid formed...
because acid is nto an acid until it dissociates to make H+

saba
Sticky Note
0

saba
Sticky Note
0.5

saba
Sticky Note
0.8

saba
Sticky Note
weakly basic salt.. the weak acids conj base

saba
Sticky Note
weak acid

saba
Sticky Note
limiting reagent

saba
Sticky Note
special situation... everytime there is a weak acid and its conj base... its a buffer situation



14

2727

3. weak base + STRONG ACID

NH3(aq)   +   HClO4(aq)   → NH4
+(aq)   +   ClO4

−(aq)mol

0.60 0.85 -

0 0.25 0.60

Before

After

STRONG 
ACID

weakly 
acidic ion

Limiting reagent 
(consumed)

The solution that remains is STRONG ACID.

pH is determined only from the STRONG ACID.

2828

3. weak base + STRONG ACID

NH3(aq)   +   HClO4(aq)   → NH4
+(aq)   +   ClO4

−(aq)mol

0.75 0.75 -

0 0 0.75

Before

After

Limiting reagents 
(both are consumed)

The solution that remains is weakly acidic.

pH is calculated as that of a weak acid solution.

weakly 
acidic ion

NH4
+ (aq) + H2O (l)           NH3 (aq) + H3O+ (aq)

saba
Sticky Note
0

saba
Sticky Note
NH4 + Clo4

saba
Sticky Note
0.25

saba
Sticky Note
weak acid ion

saba
Sticky Note
strong acid

saba
Sticky Note
0.60

saba
Sticky Note
limiting reagent

saba
Sticky Note
strong acid overwhelms and solution is strong acid

saba
Sticky Note
0,75

saba
Sticky Note
limiting reagent

saba
Sticky Note
weakly acidic

saba
Sticky Note
weak acid solution

NH4 + H2O -> NH3 + H3O

saba
Sticky Note
0

saba
Sticky Note
0

saba
Sticky Note
0.75
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3. weak base + STRONG ACID

NH3(aq)   +   HClO4(aq)   → NH4
+(aq)   +   ClO4

−(aq)mol

0.85 0.60 -

0.25 0 0.60

Before

After

Limiting reagent 
(consumed)

The solution that remains is a mixture of a weak base
and its conjugate weak acid. This is a special case –
a buffer solution.

weakly 
acidic salt

weak 
base

3030

17.4 Acid-Base Titrations

• Limiting reactant questions: either acid or base is always in 
excess, except at the equivalence point*
*(mol acid = mol base for 1:1 acid:base titration)

• In 3 titrations different species are formed as pH changes:

Strong Acid + Strong Base
strong acid → neutral salt → strong base

Weak Acid + Strong Base
weak acid → buffer → basic salt → strong base

Weak Base + Strong Acid
weak base → buffer → acidic salt → strong acid

• Not covered: weak acid + weak base.

saba
Sticky Note
0.25

saba
Sticky Note
0

saba
Sticky Note
0.60

saba
Sticky Note
weak acid salt

saba
Sticky Note
weak base

saba
Sticky Note
limiting

saba
Sticky Note
BUFFER SOLUTION

saba
Sticky Note
when moles are equal. 

equivilance point = equal moles of acid and base

strong acid and strong base titration, at eq point is 7



saba
Sticky Note
neutral salt: when two iosn come together like KCL or NACl

saba
Sticky Note
basic salt

saba
Sticky Note
acidic salt
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Strong Acid-Strong Base Titration (Lab 1, 6)

Titrate 25.0 mL 0.100 M HCl(aq) with 0.100 M NaOH(aq)

Strong acid 
in excess

pH

Volume of strong base (mL)

12.0

7.0

1.0

Strong base in excess

Equivalence point, pH = 7

NaCl(aq) – neutral salt

3232

Practice Calculations: Strong Acid – Strong Base

Titrate 25.0 mL 0.100 M HCl(aq) with 0.100 M NaOH(aq)

• Calculate pH at 4 points:
0 mL NaOH
12.5 mL NaOH
25.0 mL NaOH
37.5 mL NaOH

0 mL NaOH = only strong acid present

• HCl is a strong acid, so [H3O+] = [HCl]

pH = -log[H3O+] = -log(0.100) = 1.000

saba
Sticky Note
titration curve

it showes: we have a beaker of HCl, adding  NaOH.. slowly dripping it, and measuring pH with pH metre

it starts off with low pH because solution is acidic (hCl)... it takes long for ph to rise, because it doesnt needf much acidity to keep a low ph. the suddely it rises up... because it doesnt take much base to rise the pH ..meet equavalence point midpoint of the vertical shooting up. this is where NaCl becomes neutral salt.

saba
Sticky Note
- log [H3O] = -log of 0.1 = 1

saba
Sticky Note
1.000

saba
Sticky Note
1.47

saba
Sticky Note
7.00

saba
Sticky Note
12.301

saba
Sticky Note
if a volume is given, you know its the one in the beaker... because we only ever know the volume of the solution in the beaker.
so knowing HCl is in beaker, we know its acidic and so its low pH and as it gets titrated with the base it rises up.

saba
Sticky Note
a buffer region is only when there is weak acid and conj base... and its always at the low part, befoe the shoot up, beause the job of the buffer is to try and keep it neutralized and under control... o it tries to do that.

saba
Sticky Note
generally: strong acid/base has conj of weak acid/base

intermediate acid/base have  conj weak acid/base

but very weak weak acid/base has strong conj acid/base

saba
Sticky Note
help


saba
Sticky Note
Hcl + H2o -> cl + h3O

so h3O is equal to hcl conc.
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Practice Calculations: Strong Acid – Strong Base

12.5 mL NaOH = ½-equivalence point

• ½ of HCl consumed.

HCl(aq)   +   NaOH(aq)   → NaCl(aq)   +   H2O(l)

2.50 × 10−3 1.25 × 10−3 0 -

1.25 × 10−3 0 1.25 × 10−3

• NaCl does not affect pH.
• Some HCl(aq) remains – in a new TOTAL volume.

pH = - log[H3O+] = -log (1.25 × 10−3 mol / 0.0375 L) = 1.477

mol (CV)

Before

After

3434

25.0 mL NaOH = equivalence point

• All HCl consumed.

HCl(aq)   +   NaOH(aq)   → NaCl(aq)   +   H2O(l)

2.50 × 10−3 2.50 × 10−3 0 -

0 0 2.50 × 10−3

• NaCl does not affect pH.

pH = 7.000

mol (CV)

Before

After

Practice Calculations: Strong Acid – Strong Base

saba
Sticky Note
2.5 x 10-3 
by doing 0.1 x 0.025 to get moles of HCL

and then doing 0.0125 x 0.1 moles of Naoh = 1.25 x 10-3 

then u see that NaOH is exactly half of MOLES OF HCl so its 1/2 eqv point 

saba
Sticky Note
1.25 x 10-3

saba
Sticky Note
0

saba
Sticky Note
0

saba
Sticky Note
1.25 x 10-3

saba
Sticky Note
1.25 x 10-3

saba
Sticky Note
some HCl remains - so we need to calculate a new TOTAL volume

25mL + 12.5 ml = 37.5 ml

to get new conc: 1.25 x 10-3 mol hcl devide by 0.0375 total letres 

saba
Sticky Note
because ratio is one to one, the last conc calsulated was HCL and so its equal to H3O ... where does H3O come from?
well any HCl left over.. witll react with water to make Cl- and H3O
pH = -log [H3O] = -log 1.25 x 10-3 / 0.0375 = 1.477



saba
Sticky Note
2.5 x 10-3

saba
Sticky Note
2.5 x 10-3

saba
Sticky Note
0

saba
Sticky Note
0

saba
Sticky Note
0

saba
Sticky Note
2.5 x 10-4

saba
Sticky Note
so ph = 7

saba
Sticky Note
these tw have same moles, because were at equvalance point

saba
Sticky Note
because its a neutral salt
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37.5 mL NaOH = only strong base present

• All HCl consumed; excess NaOH.

HCl(aq)   +   NaOH(aq)   → NaCl(aq)   +   H2O(l)

2.50 × 10−3 3.75 × 10−3 0 -

0 1.25 × 10−3 2.50 × 10−3

pOH = -log[OH−] = -log(1.25 × 10−3 mol / 0.0625 L) = 1.699

pH = 14 – pOH = 12.301

mol (CV)

Before

After

Practice Calculations: Strong Acid – Strong Base

3636

Strong Acid – Strong Base

• 4 points calculated:

pH

Volume of strong base (mL)

12.0

7.0

1.0

Strong base in excess

Equivalence point, pH = 7

NaCl(aq) – neutral salt1.000

12.301

1.477

7.000

Strong acid

saba
Sticky Note
2.5 x 10-3

saba
Sticky Note
3.75 x 10-3

saba
Sticky Note
0

saba
Sticky Note
0

saba
Sticky Note
1.25 x 10-3

saba
Sticky Note
2.50 x 10-3

saba
Sticky Note
pOH = -log[OH] = -log (1.25 x 10-3 /0.0626 = 1.699

saba
Sticky Note
to get ph we do 14 - pOH = 12. 301

saba
Sticky Note
you can calculate pH at any point of this curve

saba
Sticky Note
log curve
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Weak Acid – Strong Base Titration

• Titrate 25.0 mL 0.100 M CH3COOH(aq) with 0.100 M 
NaOH(aq)

Volume of strong base (mL)
0

2

4

6

8

10

12

14

0 10 20 30 40

vol base (mL)

pH

12.301

8.72

4.74

2.87

3838

Practice Calculations: Weak Acid – Strong Base

0 mL NaOH = only weak acid present
• Solve pH of weak acid, use Ka

Initial 0.100 M - 0 M 0 M

Change - x M + x M + x M

Eqm 0.100 - x M x M x M

x = [H3O+] = 1.34 × 10−3

pH = -log (1.34 × 10−3) = 2.87

CH3COOH(aq)  +  H2O(l) CH3COO−(aq)  +   H3O+(aq)
Ka

5

3

33 108.1
COOH][CH

]O][HCOO[CH −
+−

×==aK , solve as usual…

saba
Sticky Note
different looking scale: the eqc point is higher than 7 - basic. - this is because in strong/strong titration curve, neutral salt is made that wont continue to affect solution and make it more basic or acidic, but in this case... more base is made that contiues to go on and make it more basic.

there isnt really dramatic shoot ups like the last one.  - because this is a buffer situation.. and buffer tries to calm it down... buffer is where there is weak acid, strong base or strong acid.weak base

theres more than one inflection point = place where pH = pKa 

at eqv point ph does not equal pKa 

buffer region: ?

saba
Sticky Note
o.1 (given)

saba
Sticky Note
0

saba
Sticky Note
0

saba
Sticky Note
-x

saba
Sticky Note
+x

saba
Sticky Note
+x

saba
Sticky Note
0.1-x

saba
Sticky Note
x

saba
Sticky Note
x

saba
Sticky Note
Ka= 1.8 x 1-5 and assume and find x

x = 1.3 x 10-3
pH = -log of that = 2.87 NOT 2.9
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Practice Calculations: Weak Acid – Strong Base

12.5 mL NaOH = ½-equivalence point

• ½ CH3COOH consumed.

CH3COOH(aq)  +  NaOH(aq)  → CH3COONa(aq)  +  H2O(l)

2.50 × 10−3 1.25 × 10−3 0 -

1.25 × 10−3 0 1.25 × 10−3

• CH3COONa is a basic salt, and does affect pH.
• Some CH3COOH remains.
• This is a BUFFER!

mol (CV)

Before

After

4040

pH = pKa at ½-equivalence point of a weak-strong titration

74.4
) L 0375.0/mol 1025.1(
) L 0375.0/mol 1025.1(log74.4

COOH][CH
]COO[CHlogppH

3

3

3

3

=
×

×
+=

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+=

−

−

−

aK

Practice Calculations: Weak Acid – Strong Base

Solve for pH of a buffer with use of an ICE table or the 
Henderson-Hasselbalch equation (below)….more on this to 
come.

saba
Sticky Note
moles are equal.

saba
Sticky Note
use moles in table

saba
Sticky Note
2.5 x 10-3 

saba
Sticky Note
1.25 x 10-3

saba
Sticky Note
0

saba
Sticky Note
1.25 x 10-3

saba
Sticky Note
0

saba
Sticky Note
1.25 x 10-3

saba
Sticky Note
chnage: minus 1.25 x 10-3

saba
Sticky Note
CH3COONa is a basic salt and does affect pH
some CH3CooH remains
this is a buffer

saba
Sticky Note
conj base/ acid

saba
Sticky Note
4.74 + log (1.25 x 10-3)/ 1.25 x 10-3 = 4.74

at the half eqv point, we have equal amounts of acid and base... so they cancle eahother at... and so ph = pKa 

haf of weak acid remains butthe other half is converted to conj .

saba
Sticky Note
if the rxn was WEAK BASE AND STRONG ACID, WOULD THIS STILL HOLD? YES.

THEN UD FIND POH = PKOB AND THEN GET PH FROM THAT
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25.0 mL NaOH = equivalence point

• All CH3COOH consumed.

CH3COOH(aq) + NaOH(aq) → CH3COONa(aq) + H2O(l)

2.50 × 10−3 2.50 × 10−3 0 -

0 0 2.50 × 10−3

• CH3COONa is a basic salt, and does affect pH.

Solve for the pH of a weak base:

[CH3COO−] = 2.50 × 10−3 mol / 0.0500 L = 0.0500 M

mol (CV)

Before

After

Practice Calculations: Weak Acid – Strong Base

4242

Initial 0.050 M - 0 M 0 M

Change - x M + x M + x M

Eqm 0.050 - x M x M x M

x = [OH−] = 5.27 × 10−6,    pOH = -log [OH−] = 5.28

pH = 14 - pOH = 8.72

CH3COO−(aq) +  H2O(l) CH3COOH(aq) +   OH−(aq)
Kb

10

a

w
2

3

3
b 105.5

050.0]COO[CH
]COOH][OH[CH

6
−

−

−

×==
−

==
K
K

x
xK

Practice Calculations: Weak Acid – Strong Base

saba
Sticky Note
2.5 x 10-3

saba
Sticky Note
they consume eachother completeyly.. no excess

saba
Sticky Note
2.5 x 10-3

saba
Sticky Note
0

saba
Sticky Note
0

saba
Sticky Note
0

saba
Sticky Note
2.5 x 10-3

saba
Sticky Note
CH3COONa is a basic salt and does affect pH

solve for pH of weak base:
[CH3COO]=2.5 x 10-3 / 0.05 = 0.05 M



saba
Sticky Note
eqm arros because both reactants are weak

saba
Sticky Note
0.05 M

saba
Sticky Note
0

saba
Sticky Note
0

saba
Sticky Note
Ka x Kb = kw or pka + pkb = pkw

saba
Sticky Note
0.05 - x

saba
Sticky Note
x

saba
Sticky Note
x

saba
Sticky Note
Kb = xsquared/ 0.05 - x
= Kw/Ka = 5.5 x 10 to the -10 

x = [OH] = 5.27 x 10-6 
pOH = -log [OH] = 5.28
pH = 14 -pOH = 8.72
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37.5 mL NaOH = only strong base present
• All CH3COOH consumed; excess NaOH.

CH3COOH(aq) + NaOH(aq) → CH3COONa(aq) + H2O(l)

2.50 × 10−3 3.75 × 10−3 0 -

0 1.25 × 10−3 2.50 × 10−3

Excess strong base and weak base: strong base determines pH.

pOH = -log[OH−] = -log(1.25 × 10−3 mol / 0.0625 L) = 1.699

pH = 14 – pOH = 12.301

mol (CV)

Before

After

Practice Calculations: Weak Acid – Strong Base

4444

0

2

4

6

8

10

12

14

0 10 20 30 40

vol base (mL)

pH

Weak Acid – Strong Base Titration

• Features different from strong acid-strong base:
Start at higher pH
Buffer region
½-equivalence point, pH = pKa
Equivalence point pH > 7

2.87

Strong base in excess12.301

Equivalence point, 
pH > 7
CH3COONa(aq)
basic salt

8.72

Buffer region

4.74

½-equivalence
pH = pKa

saba
Sticky Note
2.5 x 10-3

saba
Sticky Note
3.75 x 10-3

saba
Sticky Note
0

saba
Sticky Note
0

saba
Sticky Note
1.25 x 10-3

saba
Sticky Note
2.5 x 10-3

saba
Sticky Note
excess strong base and weak base : strong base determines pH

pOH = -log [OH] = -long (1.25 x 10-3)/0.0625 = 1.699

pH= 14 - etc

if accidently you add water i ur experiment, it wont affet the pH rlly, itl affect the conectration tho 

saba
Sticky Note
start at higher pH
buffer region
1/2 eqv point , pH = pKa
typically eqv point >7
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0

2

4

6

8

10

12

0 10 20 30 40

vol acid (mL)

pH

iClicker #1

Which label shows where pH = pKa point on this titration 
curve?

pH

D

C

B

A

E

4646

0

2

4

6

8

10

12

0 10 20 30 40

vol acid (mL)

pH

Weak Base – Strong Acid

Label the key features on the weak base-strong acid titration 
curve.

Excess

strong acid

Equivalence point
acidic salt,     pH < 7

½-equivalence, pH = pKa of the conjugate acid

Weak base

Buffer 
region

saba
Sticky Note
where is the pH= pKa


saba
Sticky Note
point C is the eqv point, so point b is half eqv point

saba
Sticky Note
weak base

saba
Sticky Note
buffer region

saba
Sticky Note
1/2 eqv point

saba
Sticky Note
eqv point.. acidic salt... pH <7 TYPICALLY

saba
Sticky Note
excess strong acid
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Titrations – Key Concepts

• Equivalence point: mol acid = mol base (if 1:1 reaction)

• Strong acid-strong base titration
– pH = 7 at equivalence point
– Sharp pH change at equivalence

• Weak acid-strong base / strong acid-weak base titrations
– Buffer region
– pH = pKa at ½-equivalence
– pH ≠ 7 at equivalence (pH depends on the salt 

present – acidic or basic)

4848

17.3 Acid-Base Indicators

• Equivalence point: theoretical point where mol acid = 
mol base (1:1 titration)

• With an indicator, we observe the endpoint (colour
change)

saba
Sticky Note
IS IN ITS BASIC FORM UNTILR IGHT AFTER EQV POINT, WHERE COLOUR WILL REMAIN WHEN THERES A LITTLE MORE EXCESS THEN EQV POINT 

saba
Sticky Note
mol acid = mol base if 1:1 ratio

saba
Sticky Note
pH = 7 at eqv point
sharp pH chnage at eqv point

saba
Sticky Note
buffer region
pH = Pka at 1/2 eqv point
pH doesnt not equal 7 at eqv point (pH depend on the salt present -  acidic or basic 

saba
Sticky Note
always will be 1:1
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Acid-Base Indicators

• Colour depends on pH

• Indicators are weak acids/bases (HIn, In−):

HIn(aq)  +  H2O(l) H3O+(aq)  +  In−(aq)
acid colour base colour

KHIn = [In−][H3O+] or pH = pKHIn + log [In−] (17.4)
[HIn] [HIn]

• Eq. 17.4 relates solution pH to pKa of indicator

[HIn]
][InlogppH    or    

[HIn]
]O][H[In

HIn
3

HIn
−+−

+== KK

5050

Acid-Base Indicators
• We see:

acid colour when pH < (pKHIn – 1 ) (10-fold excess of HIn)
base colour when pH > (pKHIn + 1) (10-fold excess of In−)

• Colour change over ~ 2 pH units

• Want the colour change to be at or close to* the equivalence 
point

• How to choose a suitable indicator?
Select an indicator with pKa (pKHIn) close to expected 

equivalence point pH

saba
Sticky Note
colour is based on pH

saba
Sticky Note
weak acid indicator

saba
Sticky Note
pH strips, or indicators are used to test pool water. 



saba
Sticky Note
KHIn = [In][H3O]/ [HIn]
or

pH = PKHIn + log [In]/[HIn]

you can write k eqn and stuff for indicators too.... you can treat it liek aceic acid



saba
Sticky Note
since indicators are weakly acidic, how come they dont interfere with ph?
 it can. its just because we use only 2 drops of it in our experiment. 

saba
Sticky Note
you want your indicator to be as close as possible to eqv point pH... that hw u know which indicator to use ex) lab 1
use diff ones for diff eqv points 

saba
Sticky Note
you need a bit of excess of acid or excess base in order to see that acid or base indicator colour.... about a range of 1:10 ratio of excess should be seen for colour chnage by indicator

saba
Sticky Note
strong acid with strong base titration uses phenalthalien, like used in lab 1... it turns pink when going acid to pink.. has pH f 10

titrated strong base wth strong acid... it goes pink to clearr... at pH 8

so depeding on pH different inidicator is used and diff colours are seen. 

saba
Sticky Note
so given a titration, how do u pick an indicator? inidicator shows u eqv point. 

so u want to always chose a indicator whose pKA is closest to eqv point. 

saba
Sticky Note
indicator causes colour change right before, right after or right at eqv point... so it works at a range.. and it wont matter cause all those will have reletively same pH
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• Chart of many indicators

Bromthymol blue:

Blue (base colour),  pH = pKa + 1

‘Green’ (colour change mid-point), pH = pKa

Yellow (acid colour), pH = pKa - 1

5252

iClicker #2, #3

• From the following list indicators, select a suitable 
indicator for the titration of

(1) HCl(aq) + NaOH(aq)
(2) NH3(aq) + HCl(aq)

Indicator Colour change range (pH)
(A) Methyl violet 0.1 – 1.7

(B) Bromocresol green 4.0 – 5.8

(C) Phenol red 6.3 – 8.0

(D) Alizarin yellow-R 10.0 – 12.0

saba
Sticky Note
how do pH strips work.. they have one indicator embedded in them that gives a a quick broad diagnostic. 

saba
Sticky Note
for the rxn: HCL + NaOh what indicator is used?

b) phenol red.

NH3 + HCl ?
approach: 
weak base + strong acid
draw titration curve 

at the top we have weak acid NH3, then in eqv point we have NH4.. the pH is middle of scale.. around 4-5 
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Indicators - Key concepts

• Indicators are weak acids/bases

• Colour changes from acid to base form

• Colour change occurs over ~2 pH units

• Choose indicator with pKa close to pH of titration 
equivalence point

5454

Buffers & Titrations

• Where do we see the importance of buffers?
– Patients' blood pH (e.g., acidosis)
– Biochemical assays
– Lakes and streams

• How do we control buffer pH?
– With addition of appropriate acid or base

saba
Sticky Note
they indicate pH f a solution - thats why we use them

they show colour chnage that happens over a rang of Ph value

yuou must chose indicator pka closest to  on eqv point

colour change from acid to base 
indicators are weak acids/bases
colour charge occurs over 2pH units 

saba
Sticky Note
by adding water to a solution, ur not chnaging moles in the solution, ur only chnaging concentration. 

saba
Sticky Note
natural indicators, tea, wine, red cabbage etc.



28

5555

The chemistry of a buffer

• Buffer chemistry: equilibrium reaction of either 
weak species with water (e.g. NH3/NH4

+):

• Looks like weak base or weak acid ionization in 
water, but now weak base and weak acid 
concentrations are both significant.

NH3(aq)   +   H2O(l)      NH4
+(aq)   +   OH−(aq)

NH4
+(aq)   +   H2O(l) NH3(aq)   +   H3O+(aq)

- and -

5656

17-1: Common Ion Effect

0.10 M C6H5COOH has pH 2.60 and is 2.5% ionized (slide 13).

Concept check: What would be the effect on the pH and on 
the % ionization of 0.10 M benzoic acid solution with the 
addition of C6H5COONa(aq)?

C6H5COOH (aq)  +  H2O (l) C6H5COO- (aq)  +  H3O+ (aq)
Ka

saba
Sticky Note

saba
Sticky Note
NH3 + H2O eqm-> NH4 + OH
and
NH4 + H2O eqm-> MH3 + H3O
both have weak reactants.. therefore eqm arrow

buffer becaus eit contains weak acid and conj base.
both of the conjugates NH3 and NH4 + are BOTH present in large amount 

the concentrations of both have to be close to eahther. 

you aways have to react weak acid with water, or conj base with water.

saba
Sticky Note
benzoic acid
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Concept Check: Common Ion Effect

Add C6H5COO−:
Equilibrium shifts left
Ionization decreases
pH increases (we added a weak base!)

• Adding a "common" ion reduces the extent of ionization

• Adding C6H5COO−(aq) to C6H5COOH(aq) produces a 
buffer solution – an equilibrium mixture of a weak 
conjugate acid-base pair

C6H5COOH (aq)  +  H2O (l) C6H5COO− (aq)  +  H3O+ (aq)
Ka

5858

17-2 Buffers: Applying the Common Ion Effect

• A buffer solution is:

• a solution of a weak acid-base conjugate pair
and

• both concentrations > 100 x Ka

• Buffer capacity: 
- a buffer is effective when: 

(eq. 17.3)

- best when [weak acid] & [weak base] are large and equal

101.0 <<
acid] [weak
base] [weak

saba
Sticky Note
shift to left.. therefore pH incr. because were addng weak base, the pH goes up 
so becomes more basic.

eqm shifts left, ionization decreases
pH increases (we added weak base)

adding a common ion reduces the extent of ionization

adding C6H5Coo- to C6H5COOH poduces a buffer solution - an eq, micture of a weak conj acid-base pair.

saba
Sticky Note
conj base of the acidic benzioc acid... herefore this is a base.

saba
Sticky Note
0.1 < [weak base]/ [weak acid] <10

putting a weak acid and conj bas ein lake ontario... it wudnt be abuffer because it would be ridiculously dilute. 

thats why a limit is listed for  buffer...
thier division must be between 0.1 and 10

thier concentrations always have to be similar in amount.
a buffer must meet all requirements or its not a buffer
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Buffer Capacity
• Buffer capacity: maximum at equal [PhCOOH] and [PhCOO−]

0.00

10.00

20.00

30.00

40.00

50.00

60.00

2 3 4 5 6
pH

[PhCOOH]
[PhCOO-]

buffering capacity

PhCOOH = 
benzoic acid

PhCOO− = 

benzoate ion

PhCOOH = 
benzoic acid

PhCOO− = 

benzoate ion

Effective range 
pH = pKa ± 1

6060

How to make a buffer – 3 ways

1. Mix weak conjugate acid & base together
e.g., HCOOH and HCOONa

NH3 and NH4Cl

2. Titrate a weak acid with a limiting amount of STRONG 
BASE (to produce the conjugate weak base)

e.g., HCOOH + NaOH
NH4Cl + NaOH

3. Titrate a weak base with a limiting amount of STRONG 
ACID (to produce the conjugate weak acid)

e.g., HCOONa + HCl
NH3 + HCl

See Fig. 17-6

saba
Sticky Note
minimize or resist chnages inpH

so if the weak acid or the base... is alot less then the other one... it wudnt be as affective and pH levels would show drastically..

saba
Sticky Note
HCOOH and HCOONa
NH3 and NH4Cl

saba
Sticky Note
HCOOH + NaOH
NH4Cl + NaOH

saba
Sticky Note
HCOONa + HCl
NH3 + HCl
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iClicker #4

Which combination of 1 M solutions will give a buffer?

(A) 50 mL HCl + 50 mL NaOH

(B) 50 mL HCl + 50 mL C6H5COOH

(C) 50 mL NaOH + 50 mL C6H5COOH

(D) 25 mL NaOH + 50 mL C6H5COONa

(E) 25 mL NaOH + 50 mL C6H5COOH

6262

Calculate pH of buffer from Ka (or Kb) 

• Calculate pH & % ionization for 250. mL of a solution of:
0.100 M C6H5COOH(aq) and 0.0850 M C6H5COONa (aq)

• Write down the chemistry (start with weak acid or base).

• The conjugate weak acid-base pair do NOT react with each 
other; one of them reacts with H2O.

C6H5COOH (aq)  +  H2O (l) C6H5COO- (aq)  +   H3O+ (aq)
Ka

See also Ex. 17-2

saba
Sticky Note
requirment for buffer

1) weak aicd bad conj base
2) similar amounts
3) in the range of between 0.1 and 10 when devided

saba
Sticky Note
which combination of 1M solution is a buffer

a) no because thier both strong
b) no.. two acids
c) answer - similar amounts.. and its 1/2 eqv consequently.
d) two bases
e) could be but... in e they are in equal amounts... but beause theres 50 strong and 60 weak.. there would be more strength on strong .. so it would t really be similar amounts.
but this would be eqv point.

does it usually have to be around 1/2 eqv point? 
mostly in buffer zone, wheres its a few units below 1/2 eqv point  is a buffer.... but at 1/2 eqv point is prob the best buffer and most strongest buffer

saba
Sticky Note
these two DO NOT REACT WITH WATER.. they depratly react with water...
you can take ur pic which one, but usually in acidic buffers you react the acid with water.

C6H5COOH + H2O eqm--> C6H5COO + H3O

when both reactants are weak we have eqm arrows.
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Calculate pH of buffer from Ka (or Kb) 

C6H5COOH (aq)  +  H2O (l) C6H5COO- (aq)  +   H3O+ (aq)
Ka

Initial 0.100 M - 0.0850 M 0 M

Change - x M + x M                 + x M

Eq'm 0.100 - x M 0.0850 + x M x M

5

56

356 106.3
COOH]H[C

]O][HCOOH[C −
+−

×==aK

 x)- (0.100
 x)(x) (0.0850103.6 5 +

=× −

6464

The common ion suppresses acid ionization, so we can 
ignore the “+ x” and “- x” terms:

Thus: (0.100 – x) ≈ 0.100

(0.0850 + x) ≈ 0.0850

∴

100  is  which,106.1
103.6

100.0[HA] 3
5 >×=

×
=

−aK

]O[H104.7x
100.0

(0.085)(x)103.6

3
5

5

1
+−

−

=×=

=×

…continued

Calculate pH of buffer from Ka (or Kb) 

saba
Sticky Note
0.1

saba
Sticky Note
0.0850

saba
Sticky Note
0

saba
Sticky Note
6.3 x 10-5 =  (0.085 + x )x/0.1-x

you can asusme x out

x = 7.4 x 10-5 = [H3O]

ph = -log of this = 4.13 it increased, as we expected

% ionization:

[H3O]/HA initial x 100
7.4 x 10-5/ 0.1 x 100 
= 0.074% (negligible) 


 

even if u start your recation with base, youd use kb and find pOH and then get pH from there, youd still get same answer.

saba
Sticky Note
-x

saba
Sticky Note
+x

saba
Sticky Note
+x

saba
Sticky Note
0.1 - x

saba
Sticky Note
0.0850 +x 

saba
Sticky Note
x

saba
Sticky Note
buffer ionization decreased vs. C6H5COOH only, where ionization was 2.5%

we can ignore ionization in a buffer! (i.e the small x aprox is always valid in a buffer)

saba
Sticky Note
water has almost no buffer capacity, even one drop of acid or base will chnage its pH so much
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Calculate buffer pH from Ka (or Kb)

pH = -log [7.41 × 10−5] = 4.13

pH increased compared to solution of C6H5COOH only, 
where pH = 2.60 (slide 13)

% ionization

Buffer ionization decreased vs. C6H5COOH only, where 
ionization was 2.5 %

∴ We can ignore ionization in a buffer! (i.e., the small x 
approximation is always valid in a buffer)

This is what we
predicted (slide 57)

)e!(negligibl  %0.074  100  
M 0.100

M 107.4100
[HA]

]O[H
1

5
1

initial

3 =×
×

=×
−+

6666

Alternative calculation of Buffer pH:
Henderson-Hasselbalch Equation

Rearrange to get:

Take “–log” of all terms:

COOH]H[C
]O][HCOOH[C

56

356
+−

=aK

]COOH[C
COOH]H[C]O[H

56

56a
3 −

+ =
K

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−−=+

]COOH[C
COOH]H[Clog)log(]Olog[H- -

56

56
a3 K

saba
Sticky Note
[H3O] = Ka [C6H5COOH]/ [C6H5COO-]

take -log

-log[H3O] = etc.

pH = pka + log 
[C6H5COO]/C6H5COOH]

saba
Sticky Note
pH = pKa + log [A-]/[HA] = henderson eqn
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Alternative calculation of Buffer pH:
Henderson-Hasselbalch Equation

Or, more generally:

Henderson-Hasselbalch
equation (eq. 17.2)

In our example,

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+=

−

COOH]H[C
]COOH[ClogppH

56

56
aK

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+=

−

[HA]
][AppH logKa

SAME ANSWER as 
‘ICE’ Table! (p. 65)13.4

0.100
0850.0log20.4pH =⎟

⎠
⎞

⎜
⎝
⎛+=

6868

What does a buffer do?

• Resist changes in pH, to the limit of buffer 
capacity.

• Demonstration: Addition of acid and base 
to water vs. pH 7 buffer

saba
Sticky Note
on last pg

saba
Sticky Note
pH = 4.20 + log (0.085/0.1) = 4.13

now YOU CAN USE THIS TO FIND PH OF BUFFERS AND ONLY BUFFERS.
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Effect of adding strong acid or base?

• xx

Fig. 17-5

Strong acid is converted to 
weak acid:

Strong base is converted to 
weak base:

pH decreases pH increases

7070

iClicker #5

When HCl(aq) is added to a benzoic acid/benzoate 
buffer (above), which of the following statements is/are 
TRUE?

(i) The equilibrium shifts left.
(ii) C6H5COOH ionization decreases. 
(iii) pH increases.

(A) i (B) ii (C) iii
(D) i,  ii (E) ii,  iii

C6H5COOH (aq)  +  H2O (l) C6H5COO− (aq)  +  H3O+ (aq)
Ka

saba
Sticky Note
as acid bases are added to a buffer solution, does overtime the buffer's capacity to resist the pH get weaker?

yes, like the lab she did in class.. eventually you see a colour chnage finally.. but it just takes a long time to get there.

saba
Sticky Note
CH3CO2- + H3O --> CH3CO2H + H2O

saba
Sticky Note
pH decreases.

saba
Sticky Note
CH3CO2 + OH- --> CH3CO2- + H2O

saba
Sticky Note
pH increases slightly

saba
Sticky Note
 C6H5COOH  H2O  eqm--> C6H5Coo- + H3O

when HCl is added to a benzoic acid buffer above which of the following statements are true?

a) the eqm shifts left
b) C6H5COOh ionization decreases
c) pH increases

answer is a and b

when HCl (a common ion) is added it goes to the acid H3O and so it will shift left,  this will decr ionization because its rvrse reaction is favored. 
pH decr, because your adding an ACID HCl to the eqn.

Ka = [A-][H3O]/ [HA]
the reason why it ionizaes is because of its Ka, sp although it is shofting left to make more benzioc, it doesnt mean it will now ionize more... it will ionize more because its trying to get to eqm and so the reverse reaction decr it. 

saba
Sticky Note
1/2 eqv point because acid and conj are in equal aounts of base.. make it it log1... and whih is zero and so pH = pKa
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Example: Buffer + Strong Acid
Add 20.0 mL of 0.150 M HCl(aq) to our buffer. What is pH?
(Buffer = 250. mL of 0.100 M C6H5COOH(aq) and 0.0850 M  
NaC6H5COO(aq)).

• The strong acid will react with the basic component of the buffer:

HCl(aq)  +  C6H5COO−(aq)  C6H5COOH(aq)  +  Cl−(aq)

3.00 × 10−3 2.125 × 10−2 2.50 × 10−2 0

0 1.825 × 10−2 2.80 × 10−2 3.00 × 10−3

We added a limiting amount of strong acid.
What remains is a buffer:

mol (CxV)

Before

After

101.0 <<
acid] [weak
base] [weak

See also Ex. 17-6

7272

Buffer + Strong Acid

Concept check: Does Cl−(aq) impact pH?
No – so we will not include it in our calculations. (It is a spectator).

New concentrations: 
divide by TOTAL volume (250. + 20.0 = 270. mL)

Initial 0.104 M - 0.0676 M 0 M
Change - x M + x M + x M
Eq'm 0.104 - x M 0.0676 + x M x M

Solve for pH with Ka or Henderson-Hasselbalch

C6H5COOH (aq)  +  H2O (l) C6H5COO− (aq)  +  H3O+ (aq)
Ka

saba
Sticky Note
pH should decr because were adding HCl

saba
Sticky Note
so buffer shoudl take the strong acid and convert it to weak acid.

saba
Sticky Note
we do mole table, because we are chnaging things 

saba
Sticky Note
3 x 10-3

saba
Sticky Note
2.12 x 10-2

saba
Sticky Note
2.5 x 10-2

saba
Sticky Note
0

saba
Sticky Note
0

saba
Sticky Note
1.82 x 10-2

saba
Sticky Note
2.80 x 10-2

saba
Sticky Note
3 x 10-3

saba
Sticky Note
we have a buffer and is within 1 to ten ratio

saba
Sticky Note
we added a limiting amount of strong acid
what remains is a buffer:
0.1 <  [weak base]/[weak acid] < 10

saba
Sticky Note
this is now the buffer calculation...

saba
Sticky Note
because you cant put moles in ice table

saba
Sticky Note
0.104

saba
Sticky Note
0.0676

saba
Sticky Note
0

saba
Sticky Note
-x

saba
Sticky Note
+x

saba
Sticky Note
+x

saba
Sticky Note
0.104 - x

saba
Sticky Note
0.0676 + x

saba
Sticky Note
x

saba
Sticky Note
pKa = -log of 8.3 x 10-3 (given) = 4.20
pH = 4.20 + (0.0676)/(0.104)
= 4.01


so you dont have to write a ice table at all and do concetration , you can just use moles in the handerson
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Buffer + Strong Acid

Ka:

Assume x is small.

pH decreased slightly (from 4.13) upon addition of a 
limiting amount of strong acid - as expected.

Henderson-Hasselbalch:

x)104.0(
x)(x)(0.0676103.6 5
−
+

=× −

01.4]O[Hlog  pH

]O[H1069.9

4)10.0(
)(0.0676)(x103.6

3

3
5

5

==

=×=

=×

+

+−

−

-

x
01.4pH

0.104
0676.0log20.4pH

[HA]
][AlogppH

=

⎟
⎠
⎞

⎜
⎝
⎛+=

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+=

−

aK
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Buffer Change
Concept check: What is the effect on pH of our buffer if:

Add small amount NaOH?
Add large amount of NaOH?
Add small amount of water?

Small amount NaOH: pH increases slightly. Some 
benzoic acid is converted to benzoate ion.

Large amount NaOH: pH increases a lot. ALL of the 
benzoic acid is converted to benzoate ion, and possible 
excess NaOH remains. Buffer is destroyed.

Small amount of water: no change in pH. Moles of 
benzoic acid and benzoate ion are unchanged, and their 
concentrations are still sufficiently high.

saba
Sticky Note
done.

saba
Sticky Note
pH incr slightly

saba
Sticky Note
pH incr alot - buffer gone

all of the benzioc acid is converted to benzoate ion, and possible excess NaOH remains. buffer is destryoed.

saba
Sticky Note
no affect because your diluting both peaces of buffer (acid and base) equally.. and its nottt diluting TOO much
so alot of water.. like lake ontario prob would chage to pH 7
moles of benzoic acd and benzoate ion are unchnaged. and thier concentrations are still sufficiently high.

saba
Sticky Note
some benzoic acid is converted to benzoate ion
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iClicker #6, #7
What acid would be the best choice to make a buffer of pH 
5.5?

(A)  HClO2 pKa = 1.96
(B)  CH3COOH pKa = 4.74
(C)  HOCl pKa = 7.54
(D)  NH4Cl pKa = 9.26
(E)  (C2H5)2NH2Cl pKa = 10.84

See Ex. 17-5     

What reagent could be used to reach the correct pH?
(A)  NaOH
(B)  HCl

7676

Buffers: Key Concepts

• A buffer solution contains a weak conjugate acid-base pair 
with both concentrations > 100 x Ka

• Buffer capacity: 
- a buffer is effective when: 

- best when [weak acid] & [weak base] are large and 
equal (maximum capacity)

• Buffer range: pKa ± 1

101.0 <<
acid] [weak
base] [weak

saba
Sticky Note
what acid would be the best choice to make a buffer of pH = 8.0

a) pka = 1.96
b) 4.74
7.54
9.26
10.84

answer is C because we want a pKa of the weak acid the closesnt possible to the pH. because pKa + or -1 indicates the affect of the buffer.

saba
Sticky Note
what reagent could be used to reach the correct ph?

a) NaOH
b) HCl


answer is NaOH 

new question: start from weak acid target ph 7.0
answer is still NaOH

1) draw the titration curve... it goes horizontal, up sharp and stright. youll see that if you want to get anywehere to anywhere on that curve, you need to add strong base.
the only way to get a buffer from a weak acid, is to add strong base. ... FROM THE STARTING POINT

but if you were at 1.2 eqv point youd have to add HCl

for the last one it was start from buffer, for this one it was start from beginning at weak acid point.

saba
Sticky Note
a buffer solution contains a weak conjugate acid-base pair with BOTH concentration > 100 x Ka

nuffer capacity: a buffer is effective when: 0.1 < [weak base]/[weak acid] <0.1

best when [weak acid] and [weak base] are large and equal (max capacity) 

to neaturalize acid or base - capacity chnages over the buffer range

buffer range: pKa +/- 1
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Buffers Key Concepts

• Make a buffer:
– Directly mix conjugate weak acid-base pair together
– React weak acid with limiting amount of strong base
– React weak base with limiting amount of strong acid

• Calculate buffer pH from Ka expression (or Henderson-
Hasselbalch equation):

• Buffers resist changes in pH by converting strong acid 
into weak acid, or strong base into weak base.

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+=

−

[HA]
][AppH logKa
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Trauma, Critical Care & pH Monitoring 

• Blood pH (7.4) is a highly regulated parameter of physiology

• Acidosis of blood (pH < 7.35) can be triggered in cases of 
acute infection (sepsis), cardiac arrest or pulmonary 
dysfunction (hypoxia)

• Blood pH < 6.8 or > 7.8 is fatal.

• Blood pH regulated by primarily by volatile CO2 & non-
volatile acids, such as bicarbonate, phosphate, lactate, 
protein etc.

saba
Sticky Note
make a buffer:
- directly mix conjugate weak acid - base pair together
 react weak acid with limiting amount of strong base
- react weak base with limiting amount of strong acid

saba
Sticky Note
Calculate uffer pH from Ka expression (or Henderson) pH = pKa + log [A-]/[HA]



saba
Sticky Note
buffers resists chnages in pH by converting strong acid into weak acid, or strong base into weak base 

saba
Sticky Note
basic

saba
Sticky Note
can make pH out of wack..

saba
Sticky Note
these regulate out blood oH like buffers
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Blood pH

• Equations:

K = 3.4 x 10-2 (25°C)
Ka1 = 4.5 x 10-7 (25°C)

Two-step dissolution & ionization equilibria

CO2 (g) + H2O (l)
K

H2CO3 (aq)

H2CO3 (aq) + H2O (l) HCO3
- (aq) + H3O+ (aq)

Ka1

Net Reaction

CO2 (g)  +  2H2O (l) HCO3
- (aq)  +  H3O+ (aq)

K*Ka1

8080

Titrations that Saves Lives! 
Persistent cases of acidosis treated with bicarbonate infusion 
(NaHCO3) to prevent total organ failure Titration!

Base: NaOH

Acid:                  
CH3COOH

Chemical Indicator  
Phenolpthalein

H+ (aq) + OH- (aq) H2O (l)

saba
Sticky Note
carbonic acid

saba
Sticky Note
CO2 + 2H2O eqm --> HCO3 + H3O
 above the arrow it would be k*Ka1

K= 3.4 x 10-2 
Ka1 = 4.5 x 10-7 

saba
Sticky Note
titrating a person... add sodium bicarbonate to the person in order to incr pH for ex.
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Persistent Acidosis: Treatment
Net Reaction

CO2 (g)  +  2H2O (l) HCO3
- (aq)  +  H3O+ (aq)

K*Ka1

2

]][[ 33
1

CO
a P

OHHCO
KK

+−

=⋅

• multiply by -log

pH
P

HCO
pKpK

CO
a +−=+

−

2

][
log 3

1

K*Ka1

K*Ka1

8282

)(3 1

2

10
][ pKpKpH

CO

a

P
HCO −−

−

=

pKa1 = 6.35 pK = 1.47

Persistent Acidosis: Treatment
Net Reaction

CO2 (g)  +  2H2O (l) HCO3
- (aq)  +  H3O+ (aq)

K*Ka1

Homeostasis, pH = 7.4  
[HCO3

-]
≈ 0.38

Acidosis, pH = 6.4  
[HCO3

-]
≈ 0.038

PCO2

PCO2

Impact of Titration 
with NaHCO3?

K*Ka1

pH
P

HCO
pKpK

CO
a +−=+

−

2

][
log 3

1

saba
Sticky Note
its ok to use concentration and pressure in same eqm eqn because were using activity...



saba
Sticky Note
pK + pKa1 = - log [HCO3+] / Pco2 + pH




saba
Sticky Note
you wanna turn 0.038 to 0.38... you can:

1) add bicarbonate - would take time to titrate in body
2) lower the partial pressure of CO2 bu displacing it with O2 - quicker to do




