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|. Definitions

Thetermsacid, base and salt are attemptsto classify and
organize reactions - these terms are used to model the
behavior of speciesin solution

A. Arrhenius® an attempt to understand the behavior
of electrolytesin water

AcidsgiveH" in water H'A

Bases give OH™ in water M™(OH)

Salts are combinations of M™A
acids and bases

B. Bronsted-Lowry ® An attempt to be more general
and oper ational so the model could be applied to other
solvent systems

Acids are proton donors
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Bases are proton acceptors
Salts are combinations of acids and bases.

The Bonsted-L owry model allowsusto analyze a
reaction operationally - that is, how each moleculeis
acting toward the other.

(Examples)
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Il. Terms and Types

A. Acids HA anionswith H”
Bases M*(OH) metal ionswith hydroxides
NHs and derivatives
B. Monoprotic acid oneH"™ (HCI)

Polyprotic acid morethan oneH™ (H,CO53)
Monobasic one OH™ (NaOH)

Dibasic mor e than one OH™ [Ca(OH),]
Amphiprotic can accept or lose H”

(H,O, HCOg3, H,POy)
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C. Naming

Binary acid (2 element acid, H and a nonmetal)
Acid name Anion name
hydro Ic acid Ide

Ternary acid (3 element acid; H,0O and nonmetal)

Acid hame Anion hame

per Ic acid per ate
Ic acid ate
ous acid ite

hypo ous acid hypo ite
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Ill. Strengths in Water

A. Acids
Strong (ionize 100%)
Weak (ionize < 100%)
B. Bases
Strong (ionize 100%)
Weak (ionize <100%)
Also, the stronger the acid, the weaker isits CB
Also, the stronger the base, the weaker isits CA
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C. Rulesfor predicting strength

1. Binary acids HBr, HCI, HI arestrong, therest are
weak

2. Ternary acids HCIO3, HCIO4, HNO3, and thefirst
lonization of H,SO,4 are strong, the other inorganic
acids are weak, all organic acids are weak

3. Polyprotic acids -the 2nd and subsequent ionizationsare
weak. Thusany anion with ionizable hydrogens
derived from a polyprotic acid isa weak acid.

4. Metallicbases Group |A and |1 A hydroxides (except
Be) are strong but the solubility of calcium hydroxide
and magnesium hydroxide are limited

5. NH3 and all organic amines are weak bases.
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D. Writing reactions of acids, bases and saltsin water
1. SA + H,O b H;O" + A
2. WA +H,0 U H3O" + A
3.  B+H,O b M" + OH
4. WB +H,0 U M™ + OH"
5 sat +H,O b M™T + A

Hydrolysisreactions may also occur with M™ and A™in
water. Wewill cover these later.
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V. pH and K,

A. pH isameasure of acidity, pOH isa measur e of

basicity
pH = -log;o[H30"] [H30"] = 10"
POH = -1og;o[OH] [OH7] = 107"

B. Dissociation of water
HO +H,0 U H;0" +OH’
Kw=[HsO0T[OH] =1.00x 10™ at 25°C

acid H30"]>[OH] pH <7
neutral H;0"]=[OH] pH =7
basic H30']< [OH] pH>7
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V. Acid/Base Equilibria
A. Weak Acids
HA(ag) + HO (1) U H3O'(ag) + A(aq)
« _[HO'J[A]
] [HA]

Polyprotic acids have several K.’s- asmany asthereare
lonizable H’s.

B. Weak Bases
B(agq) +HO () U OH (ag) + BH"(aq)
« =[BHIIOH]

[B]
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C. Typesof problems

1. Find K5 from pH (or Ky, from pOH)

Find the acid dissociation constant for a weak
monoprotic acid of concentration 0.10 M if the pH of the
solution 15 2.94.

2. Find thepH (or pOH) from K (or Ky)
Find the pH of a 0.10 M weak monoprotic acid solution.
The acid hasa K, of 1.8 x 107.

Note - thistype of problem involvesthe possible solution of
a quadratic equation (2nd order polynomial). A good
rule of thumb is-

If [original acid]/K, = 100 or morethen neglect -x in the
denominator of the equilibrium expression.

A related quantity often solved for in these types of
problemsisthe % ionization

% ionization =(amt ionized / [orig]) 100
3. Polyprotic acids
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What isthe pH and the oxalate ion concentration of a
0.10M solution of oxalic acid? K4 =5.9x 10% K, =6.4
X 107.

Therearetwo equilibria but noticethat thereisa factor of
almost 1000 between the first and second ionization.
Because of thislarge difference the amount of H;0" and
HC,O4 - will be determined by the first ionization alone.
Most polyprotic acidswill have this behavior.

Thefirst ionization still gives us problems because the
lonization constant isso large. Thismeansthat we
must solve the equation using the quadratic formula or
the method of successive approximations. The second
lonization expression can be easily solved to get the
C,04“ concentration.
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VI. Hydrolysis of Salts

RXN of a salt with water that leadsto changesin pH.

A. Example - What happensto NaCN when it is dissolved
In water ?

NaCN + HOH b Na' + CN

Two reactions could possibly occur.

1. Na* + HOH P NaOH +H"

Thisreaction isno consequence since NaOH isa strong
base and it would break apart to neutralize all theH”
produced.

2. CN + HOH b HCN + OH"

Thisisimportant becausethe HCN isa weak acid. Not all
of the HCN would ionize and neutralize the hydroxide
produced. Thenet effect of thesereactionsisto
produce a basic solution.
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Thissametype of analysis could be used for acidic salts
such asNH4CIl. Thegeneral rulesare:

1. When a salt containsan anion or cation of a strong base
(SB) or strong acid (SA), hydrolysis does not occur
because it would givethe SB or SA which would
Immediately dissociate.

2. When a salt containsan anion or cation of a WA or
WB, hydrolysis does occur because it givesa WA or
WB which does not immediately dissociate.

Thus

SA + SB b salt which isneutral

SA + WB P salt whichisacid

WA + WB P salt which isbasc

WA + WB b salt which isacid, basic or neutral
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B. Thehydrolysisconstant - a special K, or Ky,
Example - What isthe pH of a 0.015 M NaCN solution?

Answer: pH =10.8

The K, for the CN" may not betabulated. Inthiscase
theK;, isaspecial K,. We can show that

Ka Kh — KW
where K ; isthe acid dissociation constant for HCN.

For the hydrolysis of a cation (example NH,") from a
weak base the hydrolysis constant will bea K, and

Kth = KW

where K, isthe base dissociation constant for NH; (in the
hydrolysisof NH," example)
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VIl. Buffers

A. Buffersaresolutionswhich resist a changein pH.
They are composed of a weak acid or weak base and
the salt of the acid or base. Weak acid/salt buffersare
acidic; weak base/salt buffersare basic.

Main idea - The salt of a weak acid acts like a weak base.
The salt of aweak base actslikea weak acid. If the
concentrations of weak acid/base and salt arefairly
lar gethen any added H™ or OH will be absor bed
without much changein pH.

OH +HA b HOH+A

H;O" + AP HA +HOH

B. A useful expression for buffersisobtained by
rearranging the weak acid or weak base ionization
expression.

pKa = pH - logie ([A]/[HA]) and
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K = pOH - logso ([BH]/[B])

These equations are called the Hender son - Hasselbalch
equations. Let’s see how they can be applied.

From these equationsit iseasily seen that to get an
acidic buffer of a particular pH, choose an acid with a
PK, closetothedesired pH. To get a basic buffer
choose a weak base with a pKy closeto the desired
POH.

Example: What isthe pH of a buffer formed by adding
solutions of formic acid and sodium for mate until the
final concentrationsare[HFor] =.50 M and [For] =.70
M?

Answer: 3.89
Example: What isthe pH after adding 10.0 ml of 1.00
M HCI to the buffer above?

Answer: 3.86
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VIII. Titrations

A. A volumetric experimental technique for determining
guantitative info about a substance.

|n acid/basetitrationsthe net result is
H30+ + OH p HZO
The hydronium ions come from either strong or weak acid

and the hydroxides come from either strong or weak
base.

From stoichiometry we know that
moles added H3;0" = molesadded OH"
S0 Ma Va (#H") = Mg Vg (#OH)
Thisis called the equivalence point. Sincewe are making a

salt in thisreaction the equivalence point may be acid,
basic, or neutral from the salt hydrolysis.
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We often use indicatorsto show when wereach the
equivalence point. Theseindicatorsareweak organic
acids or basesthat change color in different pH
solution. Theindicator ispicked depending on the salt
produced by thetitration. Theindicator needsto
change color in the pH range at the equivalence point.

Examples. What possible indicators could you usein a
titration of ammonia and hydrochloric acid?

What possible indicators could you use for the titration of
acetic acid with sodium hydroxide?

B. Classes of acid/basetitrations

1. Strong base added to strong acid

Thistitration isneutral (pH 7) at the equivalence point.
To calculate the pH below the equivalence point.
[H30™] = original molesH" - moles OH added
volume acid + total volume base
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Example: What isthe pH when you add 40. ml of 0.100 M
NaOH to 50.0 ml of 0.100 M HCI?

At the equivalence point the pH is7

After the equivalence point thereisno longer any acid
toneutralizeso [OH’] = [excessbase]

[OH] = total molesOH - original molesH"”
volume acid + volume base

| mportant - If you add acid to base instead of base to acid the
equations are reversed but the idea isthe same - calculate
the net concentration of hydroxide or hydronium in the
solution and obtain the pH

2. Strong base added to weak acid
The solution isbasic at the equivalence point.
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Before the equivalence point isreached usethe
Hender son/Hasselbalch equation

PKa = pH - logie ([AJ/[HA])

[HA] = original molesHA - moles OH added
volume acid + total volume base
[A] = total moles OH added
volumeacid + volume base

Example: What isthe pH after 20.0 ml of 0.100 M NaOH is
added to 50.0 ml of acetic acid?

At the equivalence point you have a solution of a basic
salt. Find the concentration of salt produced and
calculate aswe have before.
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After the equivalence point thereisno longer any acid
toneutralizeso [OH’] = [excessbase]

[OH] = total molesadded OH - original molesH"
volume acid + volume base

3. Strong acid added to weak base

The solution isacid at the equivalence point.

Before the equivalence point isreached usethe
Hender son/Hasselbalch equation

pKy = pOH - loguo ([BH']/[B])

[B] = original molesB - moles H" added
volume acid + total volume base
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[BH'] = total molesH" added
volume acid + volume base

At the equivalence point you have a solution of a acid
salt. Find the concentration of salt produced and
calculate aswe have before.

After the equivalence point thereisno longer any base
toneutralizeso [H'] = [excessacid]

[H'] = total molesH" - original moles OH"
volume acid + volume base
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