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Acids & Bases

Acids and bases are something you've certainly heard of
before. Most of you will already know a thing or two about
acids.

You may know something about the pH scale used to measure
how strong an acid it. You've likely all heard of acid rain. Many
of you might associate acids as being a little dangerous and
know that you wouldn't want to spill any on yourself. Indeed
some acids, and bases as well, are definitely very dangerous.
Howewer many of you will likely hawve already eaten or drank
some acid today and splashed bases over your face and
hands. And you all have a stomach full of acid right now.

http:/ fstrangematter sci waikato.ac.nz/
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“Perhaps one of you gentlemen would mind telling me just
what it is outside the window that you find so atiractive...?”
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1.1 What are Acids & Bases?

Here's a partial list of some common acids and bases, along with some chemical formulas:

Some Common Acids Some Common Bases
hydrochloric acid, HCl sodium hydroxide, NaOH
(stomach acid is HCI) (lye or caustic soda)

o potassium hydroxide, KOH
sulfurc acid 50, (lye or caustic potash)
magnesium hydroxide, Mg(OH)
(mik of magnesia)

niric acid, HNO, .

calcium hydroxide, Ca(OH),

acetic acid, HCH,0, (vinegar) (slaked Ime)

2372

carbonic acid, H,C0, ammonia, NH,
formic acid, HCOOH
citric acid, C.Hg0,

acetylsalicylic acid, commonly known as aspirin

CH,({0COCH, JCOH
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Acids and bases have characteristic properties. The table below highlights some of these
key characteristics. You'l want to leam this list.

Key Characteristics of Acids

Key Characteristics of Bases

v s0Ur taste (e.0. lemons; grapefruit; vinegar; sour

milk)

v react with active metals such as zinc and
magnesium to produce hydrogen gas

o form electrolytic solutions (conduct electricity)
because they produce ions

v cause certain dyes to change color; itmus paper
tums red, for example

v neutralized by bases
(neutralized means that the substance no longer
has acidic, or basic, properties)

n bitter taste

v generally no noticeable reaction with active
metals

v form electrolytic solutions {conduct electricity)
because they produce ions

v cause certain dyes to change color; itmus paper
tums blue for example

v slippery feel (e.0. soapy feel)

v neutralized by acids
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By now you may already made a good quess as to the key ‘components” of acids and bases, If you
look carefull at the formulas lsted on the last page (Acids and Bases Section 1.1) you'l see that
the acids al have ang thing in comman, and most of the bases another,

mmugh the properties of acids and hasesh}

been recognized for a long time, it was Svante
Arrhenius in the 1880's who determined that:

v the properties of acids were due to the
presence of hydrogen ions, HY, and

v the properties of bases were due to the

\presence of hydroxide ions, OH", /
ACIDS \ / BASES \

hydrochloric acid, HCl sodium hydroxide, NaOH
sulfuric acid, H,50, potassium hydroxide, KOH
nitric acid, HNC, magnesium hydroxide, Mg{OH),
acetic acid, HC,H, 0, (vinegar) calcium hydroxide, Ca(OH),
carbonic acid, H,CO, ammonia, NH, - oops! Where's the OH™?
formic acid, HCCOOH

acetylsalicylic acid,
K CH,(OCOCH,)CO_H

This became known as
the

Arrhenius Theory
of Acids and Bases
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1.3 Ionization & Dissociation

You should recall from our unit on solutions that electrolytic solutions are those that conduct
glectricity because the substance dissalves in water to produce jons,

~

v Solutions that conduct electricity well are strong electrolytes - they are good conductors
because they break down well and produce many ions in solution,

v Weak electrolytes do not conduct electricity as well because fewer ions are produced in

Dissociation

When lonic compounds dissalve to produce lons the process s typically calld dissociation

Dissaciation of ionic compaunds occurs when water molecules "pull apart” the lonic crystal. This
occurs due to strong attractions between the polar ends of the water molecule and the positive and
neqative ions within the crystal. Water molecules then surround the positive cations and negative
anions; this is called hydration,
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Examples of dissociation equations:

NaCl,, — Na* __, + Cl

(aq) (ag)

2,80, , — 2 Na“(ag) + 80,7

(NH,),PO,  — 3 NH, (ag) + PO

MaOH,, —

HEJH:E_:I —3

Mg(OH), . —

2 {5

What do you notice about the ast three reactions shown above? All three of them produce hydroxide

lans, OH" . These tlhreelcnmfn.unds - NaOH, KOH, and Mg(OH), are all Amhrenius bases since they
produce hydroxide ions in solution,
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Ionization

lonization is a process very similar to dissociation, however it
involves acids as a rule. Here some ionization reactions:

H,S0, g 2HT .t SDf'n_

r

HC-H,0; =

(The reason a double arrow i1s used for acetic acid will be discussed later)

HNO; --->

The above examples are really the simplified versions of what
really happens. Acids a re only acids when in solution with water.

Check this out!
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HCl g, + 150, = R,07 ., # CF

= a i

H.50, _ +H.0,—2H,0° _ +507

I: ﬁ -

What's happening? Can you see it? It
appears some donating and accepting of
H* is going on!

HCH,0,  +HO, =

2l

HNO; + H,O -->

You should notice a H30", it's called hydronium

+ gt
H30" (aq) = H (aq)
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1.4 Brensted-Lowry Theory of Acids & Bases

That [ack of an OH" group In ammania i a bit of 2 problem at first glance, but let's take a closer ook
at what happens when NH, 1 added to water

ammonia, NH, - oops! Where's the OH™?

HH? g/ ¥ HED:H = HH-’--'E:'- ¥ DH_'E:'-

Voila! There's the hydroxide group we were looking for!

One of the current models of acids and bases was developed by Jonannes Bronsted, a Danish
chemist, and English chemist Thomas Lowry, each working independently. What is now knawn as the
Bransted-Lowry theory of acids and bases can be stated as follows:

Acids are substances that
produce a hydrogen ion
{or a proton donor)

Bases are substances that can
accept a hydrogen ion
{or a proton acceptor)

+
H = proton
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@-Lowry Theory states:

(proton) and are willing to donate this proton.

ion, H" (proton)

----> Acids are proton donors

----> Bases are proton acceptors

----- > Acids are substances that produce a hydrogen ion, H*

----- > Bases are substances that are willing to accept a hydrogen

N

!

MH, +HED_ — MH,",_ + OH"

-
-t

| Acceptorl
| Basel
Donor

-
-

11
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1.5 Conjugate Aad-Base Pairs

NH,  +HO, 2 NHS_ +0H

]
-

Base Acid Conjugate Acid Conjugate Base

when H,O donated its proton (H*), it became OH
OH' is now called a conjugate base

when NH3 accepted the the proton (H"), it became NH;*
NH," is now called a_conjugate acid

****every acid has a conjugate base and the C.B. is what the acid
became after proton donation.

****every base has a conjugate acid and the C.A. is what the base
became after proton acceptance.

N— S

12
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The conjugates will always be lsted on the product side of the reaction

Conjugate acid-base pairs differ from
each other by the presence or absence

of a single hydrogen ion {proton). Every
acid has a conjugate base, and every
base has a conjugate acid.

13
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1.6 Amphoteric Substances

e Jou suprised n the st section b see iater beng descrbed 35 an aci n e ammonia
reaction, water acted a5 an 20 because 1t donated  proton (hycfagen ion) to ammaniz:

NH, ., +H,0, = NH,* _ +OH

Compare t15 b anathe reachon we locked at ezler when we sa how hydbochlonc acd acted 35
an atid by donafing 2 praan to water:

HC ) + H,0, — H,07  + CI

In this reaction, water is acting as a base because it accepts a proton from HCI,

e —
Substances that can act as
an acid is one reaction and

as a base in another are called
amphoteric substances

Just to confuse you, the term
amphiprotic means the same thing

I 0+ H,0" = H,50, +H0 H0,” aceepts a proton fiom H,0°

LD +0F R 04807 HS0,” gvas (donates) a prton to OH-

Practice

practice answers

April 24, 2012
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Polyprotic Aads

Acids that can donate more than one
hydrogen ion are called polyprotic

We have seen examples of acids that contain more than one hydregen jon that can be lost, Sulfurc

acid, H,50,, for example, has two hydrogen ions that it can give up. The first hydrogen ion is
released 3.

Hy50, (aq) = H' (aq) + HS04

(ag) ag) (aq)

- + 2_
H50, (ag) H (aq) ¥ 50, (aq)

How many H* can citric acid, H4CeH=05, release?

Citric acid can release three HY. The reactions would be:

L HaCeHs07 (3 = HY (a) ¥ HoCeMs07 ag)

2 HyCehs0; 1ag) = HF 3y + HCes0: (o)
2-

3. HCEHSDH (E|E|:I H (aql + C H D-' (aq:l

15
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2.1 Strong & Weak Acds & Bases

Yau have undnuhtedlyh aard of the pH scale before and know that it has something to do with

ndicating how strong or weak an acid s, In this part of the unit we will wark towards defining aci
and base srength mtems of pH, but there are several impartant steps along the way. It wl b
mportant that you understand each step.

pH means "potential of Hydrogen

» Strong electrolytes conduct electricity well because the compound produces many ions In
solution

v Weak electrolytes conduct electricity poorly because they produce few ions in salution

16
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Strong acids produce many H™ ions
{or H;O™ ions)
weak acids produce few H™ lons

The stronger the acid,
the more H™ ions are produced

AND

Strong bases produce many OH™ ions
weak bases produce few OH” ions

The stronger the base,
the more OH" ions are produced.,

April 24, 2012
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Strang acids and bases are essentially ane-way reactions - the acid or base breaks down completely
to praduce ions. At equilorium there are very few reactants left (very low concentration); only
products - the ions,

/ Strong Acids Strong Bases \

Ol M #Ch NaOH —N&' + OFF
,30, = oy #HS0, ", MalOH), = Mg +20H

N

Weak acids and bases, however, da not ionize completaly, For weak electralytes, equilbrium fies to
the left side of the equation (the reactant side) and there wil be few ons present. The double arrow
i5 commanly used to indicate the partial ionization of the salution, Some examples:

/Weak;iclds Weak Bases \

|31

0, g g G0, g M g # 10 < T, # OF

HCHOE :s:}H H-:s:j|+ CHOE.:s:ZI NHECH?:S:} i D:IZIH HH?CH?-:S:E +OH

L] f 1
£ \8q)

N _/

18
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2.2 Tonization Constants: K_, K, , and K,

Because acia/oase salutions are systems at equilbrium, we can wnte equilbrium constant expressions
for these systems, We'l retum to the equilorum constant, 2 concept we first addressed in the
Equilibrium unit

K and K,

Here e several examples, Includng some that show water as a reactant, Pay attenfion to te
phyaical states and whether or not 2 partcular substance i Included n the equilonum expression,

s nafice that We now denty the equlmum consant a K, fo acids and , for bases,

glable of Acid and Base Strengths gives K, and K, values

19
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HEI?

=

H,07] [CI

[HCI

/ " .+HED|._'HTD_”'+E|-_=:.\

20
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N

= HCHO, __, = H"

H][CHO,

HCHO,

-+ CHO,

adg)

\

/

Ky

N

Mg(OH), ., — Mg __ +20OH__

=
|

Mg™] [OHT:

[Mg(OH),

/!

Why a K, expression now?

21
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NH, ., +H,0, = NH,*__ + OH

- -

Let's try this one ourselves

-

-

April 24, 2012

22



Acids and Bases.notebook April 24, 2012

30 W O e 3 rumencal way o ndcate o and ise stengt - K. and

A large value of K
means there are many

_ HT ions in solution -
in other words, a strong acid

A large K, indicates

many OH™ ions -
a strong base

23
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K

W

We usually do nat think of water as producing lons, but that ien't the case. Water does ionize,
although not very well

K = (H™] [OH] = 1.0 %10

K = [H,07] [OH] = 1.0 %1071

HT] = [0H] = 1.0x 1077

24
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2.3 Calculating [H™] and [OH™]

®©
® © e ©® 9 g
This i e ofthe most mpartant sectons of s unt mathematcal, 5o b sure you understand. g
Gery step.
@Y 3LE] ® ® ® ©

©

How you calculate 1on concentrations depends
on whether you have a strong acid (or base) or

a weak acid (or base

25
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Calculating Ton Concentrations for Strong Acids & Bases

For strong acids and bases, the concentration of the ions can be readly calculated from the balanced
equation, Consider these examples carsfully,

1, Calculate the hyarogen ion concentration in a 0.050 M solution of hydrochloric acid

[IN<]

L. Calciate the hydroxide on concentration n 3 0,010 M soluion of barum hycroid, Ba(CH..
Barum hydrovide 5 a strong base.

26
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Calculating Ion Concentrations for Weak Acids & Bases

Weak acids and bases require a much different approach to finding ion concenrations. Once you
know you have 3 weak acid or base, follow these steps in finding ion cancentrations:

1 Vinte 2 balanced equation for t reaction \
k

L ool eed ko te vl U 0, orf - FL 5 ot guen nte quston, okt
Table o Acid and Base Strengths,
I

b gty pthe equilrum constant expression, You vl know te vl o K, (o k) te

concentration of te acid; you wi b8 saving te eguation fr e concentration ofthe ons

N /

Follow along with these examples very carefully!

27
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L, Calculate the hydrogen ion concentration n a 0.10 M acefic acid solution, HCH,0,
K, for acefic acid, a weak acid, is 1.8 K107,

Begin by writing the balanced reaction:

The question gives us the concentration of the acid, HC,H;0, (0.10 M).

We need to find the concentration of H*, which will also equal the concentration of
C,H;0," (why?)

Because ionization is NOT complete because this is 3 weak acid [HT] will NOT equal
[HC,H,0,]. Instead we must calculate it using the equilibrium constant expression.

April 24, 2012
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L Caloulate the Pycroxice jon concentration, (O], m a 0.025 M solution of angling, C;H:NH,, 2 weak
base with f, = ¢l

ling

29
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Finding [OH"] in Acids and [H*] in Bases

Remember K, from the previous section? Now we leam why it is mportant.

sample calculation:

If

[OH] = 0.0013001
lUse water's equilibrium constant to determine [H7]:

Ko = [H'] [OH]

For any acid or base
you can calculate

both [H™] and [OH7]

Acids
First determine [H7]
then use K to calculate [OH]

Bases
First determine [OH]
then use K to calculate [H7]

Practice

1 answers
|

30
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2.4 The pH Scale

It finally time to tum our attention to pH. pHis just another way to express [H'], the hydragen ior
cancentration of an acidic or basic solution,

Recall:

pH means "potential of Hydrogen

Hydrngenlacid concentrations are often small numbers, such as 1.3« 10°, pHis a method of
transforming this number into something that 15 a litie easier to work with.

In math class you may have learned about logarithms - log for short, We'l leave the definitions of
logs to math and just work with how to find them here,

Get your calculators out. Different calculators work in slightly different ways, and it will be VERY
IMPORTANT for you to know how to use yours when working with logs.

31
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Example: Find the log of 1.0 x10°

Mumber

1 =102
25 =102

3 6x10®

Log

April 24, 2012

ling
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What about pH?

pH is defined as the negative log of hydrogen ion
concentration,

[H] pPH

1. 1 =107

2. 2.5 =107t
3. 4.7 x1077
4. 5.8 =107

5. 1.0x10°7

Motice the last example.

1.0 %107 is the [H*] in pure water,

Pure water therefore has a pH of 7.

April 24, 2012
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Acids

pH<T

The lower the pH,
the stronger the acid

Bases

pH=T

The higher the pH.
the stronger the base

Neutral solutions

pH=T

Examples of Calculating pH

1. Calculate the pH of a 0.01M HNO, solution?

Begin finding pH by first finding [H].

34
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2. Find the pH of a 0.01 M solution of ammaonia.

April 24, 2012

[[0E]
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pOH

~

pOH means potential OH™ (Hydroxide)

~—
pOH =-log[OH ]
[OH=4.2x10 * —
pOH = ]

36
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pH + pOH = 14

Does the number 14 ring a bell?

If pOH = 3.4, what's pH?

April 24, 2012
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Finding [H*] when you know pH

To convert pH into [HY] involves taking the antilog of
the negative value of pH .

[HT] = antilog (-pH)

Eﬂti'ﬂg is the 10* button on your calculator

Example. We have a solution with a pH = 8.3, What is [H1]?

You should get the answer 5.0 x 1072

38
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Here are two final examples. Think carefully and determine what, exactly, you are asked to find and
the steps needed to get there.

1, Find the hydronum ion concentration in a solution with a pH of 12.6. Is this solution an acid or
3 base? How do you know?

39
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) A0.24M soluton of the weak acid, HyCOs has 2 pH of 3,49, Determine € for H,CO, (carbanic
~acld)

lIng

40
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2.5 Indicators

Idcatrs a7 dyes that chinge colur uncer varying condionsof aciy. Athough ot 2 accuret
2 nstuments Such 2 p metersn detemining acidty, ndicaorscan b used o give e precie
measire of acidty. You should recall m our mtrocuction to acids and bases that we mentionad that
tmus 1 red in acids and blue in bases. Limus 15 an indictor that changes colour fom red to blue n
the pH range of 5.5 to 8.0, Other indicatars and ther colours are Isted In the table of Acid - Base
Indicators winich you should prnt out and keep avalable.

- ]

Here are some questions to try. A short acid-base indicator table is given here:

Indicator pH range Colour change
methyl orange 32-44 red to yellow
litmus 58-8.0 red to blue
phenalphthalein 8.2-10.0 colourless to pink

1. A given salution tums methyl orange yellow, litmus blue, and phenolphthalein red. What is the
approximate pH of the solution?

LG

2. What color would methyl orange, litmus, and phenolphthalein turn when testing:

3. vinegar (pH = 3)
b. sea water (pH =38)

methyl orange litmus phenolphthalein

vinegar

sea water

April 24, 2012
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3.1 Neutralization Reactions

What happens when an acid such as HCl is mixed with a base such as NaOH:
HCI:E:_ + HHDHH?; — HHCI:E:_ + H:D;l;.

(this is a DDR)

— YN

When an acid and a base are combined, water and a salt are the products,
—_ S

Double displacement reactions of this type are called neutralization reactions.

42
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We can wnte an expanded version of this equation, with aqueaus substances writtan In therr longer
form:

H* # O +Na” + O

.
|
1= ¢

Removing the spectator ions
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3.2 Acid-Base Titrations

Acid-Dase biratons are 2b procedures used to determine the concentration of a soluion. We wil
axaming It use n determning the concentration of acid and base solutions, Titrations are mportant

analytical tools In chemistry.

During an acid-base titration, an acid with a known concentration (3 standard solution) is slowly
added to a base with an unknown concentration (or vice versa). A few drops of indicator solution are

added to the base,

The indicator will signal, by colour change, when the base has been neutralized (when
[H] = [OH]).

At that point - called the equivalence point or end point - the titration is stopped. By knowing the
volumes of acid and base used, and the concentration of the standard solution, calculations allow us

to determine the concentration of the other solution,

44



Acids and Bases.notebook April 24, 2012

Titration Calculations

To use titration information to calculate the concentration of the unknown solution, you must know
the following information. Note the abbreviations that wil be used in our calculations.

— N

" The concentration of one of the solutions, the acid for example (M,)
" The volume of acid used for the titration (V)
" The volume of base used for the titration (Vz)
\ b E.

__~

What you will calculate:

" The concentration of the other solution, the base for example (Mg)

MV, =MV

45
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Example 1

During a titration 75.8 mL of a 0.100 standard solution of HCl is titrated to end point with 100.0 mL of
a NaOH solution with an unknown concentration, What is the concentration of the NaOH solution?

Begin with a balanced equation for the reaction:

Mg = 0100M ME = ME
Vg = T58mL ‘JE = 100.0 mL
M,Vy =MgVyg

46
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Example 2

A 20.0 mL solution of strontium hydraxide, Sr(OH),, is placed in a flask and a drop of indcator s
added. The solution turns colour after 25.0 mL of 3 standard 0.0500M HCl solution is added. What

was the orignal cancentration of the Sr(OH), solution?

Write a balanced equation for the neutralization reaction:

Our second example wil involve 3 reaction that does not invalve a 1:1 ratio between the acid and
the base.

M, = 0.080M My = Mg

VA =  Z2h0mL \

200 mL

S

MV, =20V,

Practice
Tt

dnswers
4

April 24, 2012
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