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Definitions
Acid:
e pHlessthan7
e Neutralizes bases
e FormsH " ions in solution
e Corrosive-reacts with most metals to form hydrogen gas
e Good conductors of electricity

Weak vs. Strong Acids: that dissociate (ionize) to a large extent are strong electrolytes
and Strong Acids. Acids that dissociate only to a small extent are Weak Acids and weak

el

ectrolytes

Base:

pH greater than 7

Feels slippery

Dissolves fats and oils

Usually forms OH ions in solution
Neutralizes acids

Weak vs. Strong Bases: Bases can be strong or weak depending on the extent to

W

hich they dissociate and produce OH- ions in solution. Most metal hydroxides are

strong electrolytes and Strong Bases. Ammonia, NH;, is a weak electrolyte and
Weak Base.
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Dissociation: Weak vs. Strong Acids and Base
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Dissociation of Acid

Acid Percent Dissociated
formula Acid name Common uses in | M solution  Strength
H,50, Sulfurie Industrial chemical 100 Strong
HNO, Nitric Industrial chemical 100 Strong
H.PO, Phosphoric Fertilizer, food additive 3 Moderately
weak
H,CHO. Citnc Fruit drinks 3 Weak
CH,CO,H Acetic Foods, industry 0.4 Weak
HCIO Hypochlorous Disinfectant 0.02 Weak
HCN Hydrocyanic  Very poisonous industrial 0.002  Very weak

chemical, electroplating waste

H,BO

=10 Boric acid Antiseptic, ceramics 0.002  Very weak




Salt

 Asaltis a neutral substance produced from the reaction of an acid and a base.
 Composed of the negative ion of an acid and the positive ion of a base.

* One of the products of a Neutralization Reaction

* Examples: KCI, MgSO,, Na;PO,

Neutralization Reaction

* A neutralization reaction is the reaction of an acid with a base to produce salt
and water.

* Example: H,SO, + NaOH = NaHSO, + H,0

Buffers

A buffer is a solution that resists changes in pH when small amounts of acids and bases are
added.

e Conjugate acid: compound formed when a base gains a hydrogen ion.

e Conjugate base: compound formed when an acid loses a hydrogen ion.




Conjugate Acid-Base Pairs

‘ conjugates ‘

acid base
NH, + H,0 .— NH,* + OH
base acid

conjugates

NH, + H,0O .— NH2* + OH
base acid CA CB



HCI

acid

Conjugate Acid-Base Pairs

f conjugates T

base acid
H,O — H;O* + CI

base

conjugates ‘

HCI

acid

H,O — H,O0* + CI
base CA CB



THE IMPORTANCE OF ACIDS, BASES, AND SALTS

Almost all inorganic compounds and many organic compounds can be classified as acids,
bases, or salts.

Acids, bases, and salts are vitally involved with life processes, agriculture, industry, and the
environment.

The most widely produced chemical is an acid, sulfuric acid. The second-ranking chemical,
lime, is a base.

Another base, ammonia, ranks fourth in annual chemical production.

Among salts, sodium chloride is widely produced as an industrial chemical, potassium
chloride is a source of essential potassium fertilizer, and sodium carbonate is used in huge
guantities for glass and paper manufacture, and for water treatment.

Soil with too much acid or excessive base will not support good crop growth.

Too much salt in irrigation water may prevent crops from growing. This is a major
agricultural problem in arid regions of the world such as the mid-East .



THE NATURE OF ACIDS, BASES, AND SALTS

Hydrogen lon and Hydroxide lon

Hydrogen ion, H* It is always produced by acids.

Hydroxide ion, OH- It is always produced by bases.

These two ions react together, H* + OH- ——> H,O to produce water.

This is called a neutralization reaction. It is one of the most important of all chemical reactions.

HCI in water is entirely in the form of H* ions and CI- ions. These 2 ions in water form
hydrochloric acid. (Strong Acid)

Acetic acid, also produces hydrogen ions in water: many acids contain H that is not released
by the acid molecule to form H*. Of the 4 hydrogens in CH; CO, H, only the one bonded to
oxygen is ionizable to form H* (weak acid)

b H0 D)
H-C-C-OH , = H-C-C-0 + i

H H



A hydrogen ion in water is strongly attracted to water molecules. Hydrogen ions react with water,

H H
H:QO:+ H —» H:-O:H”

Hydronium ion, H,O™

A base is a substance that produces hydroxide ion and/or accepts H*. Many bases consist of
metal ions and hydroxide ions.

For example, solid sodium hydroxide dissolves in water, | NaOH(s) — Na (ag) + OH (aq)

to yield a solution containing OH-ions.

When ammonia gas is bubbled into water, a few of the NH; molecules remove hydrogen
ion from water and produce ammonium ion, NH, * and hydroxide ion.

NH; + H, O NH,* + OH-

Only about 0.5% of the ammonia in a 1M solution goes to NH,* and OH". Therefore, NH; is
called a weak base.



Normality is the most common measurement used for showing the concentration of acids and
bases.

Normality takes into account both the molarity of the solution and the equivalent content of the
acid or base, using the equation shown below:

Normality (N) = Molarity (M) x Equivalent (N/M)

If you cancelled units in the equation above, you would find that normality is equal to the
number of moles of acid or base per liter.

Let's consider a 0.5 M solution of HCI. Since we know that one mole of HCI contains 1
equivalent acid, we can calculate normality as follows:

Normality = (0.5 M) x (1 N/M)
Normality = 0.5 N

For all acids and bases with an equivalent value of 1, the normality of the solution will be equal
to the molarity of the solution.

But not every acid and base will have a normality equal to its molarity. How abouta 3 M
solution of barium hydroxide? Barium hydroxide releases two hydroxide ions per molecule of
the base, so the equivalent value is 2. As a result, we would calculate normality as follows:
Normality = (3 M) x (2 N/M)

Normality =6 N



Salts: Whenever an acid and a base are brought together, water is always a product. But a
negative ion from the acid and a positive ion from the base are always left over

H* + CI + Na* + OH- Nat + Cl- + H),0
hydrochloric acid sodium hydroxide sodium chloride water

Sodium chloride dissolved in water is a solution of a salt.

A salt is made up of a positively charged ion called a cation and a negatively charged ion
called an anion.

If the water were evaporated, the solid salt made up of cations and anions would remain as
crystals. A saltis a chemical compound made up of a cation (other than H*) and an anion
(other than OH")



Buffers: Solutions that resist changes in H* concentration.
A solution containing both acetic acid and sodium acetate is a good buffer.
The acetic acid in the solution is present as undissociated CH;CO,H.

The H*, which is in solution, is there because a very small amount of the CH;CO,H has
dissociated to H* and CH;CO, ions.

The sodium acetate is present as Na* ion and CH;CO,’ion.

If some base, such as NaOH, is added, some of the acetic acid reacts.

CH,CO,H + Na + OH — Na =+ CH,CO, + H,0

Sodium acetate

This reaction changes some of the acetic acid to sodium acetate, but it does not change the
hydrogen ion concentration much. If a small amount of hydrochloric acid is added to the

buffer mixture of acetic acid and sodium acetate, some of the sodium acetate is changed to
acetic acid.

Na + CHIED:_ +H +CI' = CH3CD:H ~ Na + CI'
sodium acetate hydrochloric acid

The acetate ion acts like a sponge for H* and prevents the concentration of the added
hydrogen ion from becoming too high.



« Water is an extremely weak electrolyte therefore there must be a few ions present
H,0 + H,O ———> H*+ OH-
« all water solutions contain both H;O*! and OH!
— the concentration of H* and OH- are equal
~ [H=[OH]=10"M  at25°C
« K,=[H]1x[OH]=1x10% at25°C
— K, is called the ion product constant for water
— as [H*] increases, [OH"] decreases

— If the value of either [H*] or [OH] is known, the value of the other can be calculated
by substituting into the K, expression. For example, in a solution of 0.100 M HCl in
which [H*] = 0.100 M, K o

OH] =_W = L00x10"" — 1 opx 10" M

[H7] 0.100




The acidity/basicity of a solution is often expressed as pH

pH=-log[H*]  pH,ae =-10g[107] =7

Values of [H*] and Corresponding pH Values

[H™], mol/L pH

1.00 0.00
0.100 .00
1.00 % 1072 3.00
2.25 % 107° (107" 5.65
1.00 % 1077 7.00
1.00 % 107 9.00
517 % 1077 (107%%%) 8.29
1.00 x 107" 13.00
1.00 % 107" 14.00

1.00 % 1072 2.00




How Do We Measure pH?

pH range for color change

0 2 4 6 8 10 12 14
Methyl violet Yellow . Violet
Thymol blue Red - Yellow Yellow - Blue
Methyl orange Red . Yellow
Methyl red Red - Yellow
Bromthymol blue Yellow - Blue
Phenolphthalein Colorless - Pink
Alizarin yellow R Yellow - Red

Litmus paper: “Red” paper turns blue above ~pH = 8. Blue” paper turns red below ~pH =5
An indicator: Compound that changes color in solution.



(a) pH paper (b) Electrodes of a pH meter



Dissociation Constants

Acid-Base Equilibria

There are several major kinds of equilibria in aqueous solution. The one under consideration
here is acid—base equilibrium as exemplified by the ionization of acetic acid, HAc,

HAC %5 H* + Ac for which the acid dissociation constant is

LM

[HIACT_ g = 175x 107

(at 25°C)
[HAc]




Dissociation Constants

The greater the value of K, the stronger the acid.

Structural Conjugate
Acid Formula Base Equilibrium Reaction K,
Hydrofluoric (HF) H—F F~ HF(ag) + H,0(l) == H;0%(ag) + F (aq) 6.8 x 107*
Nitrous H—O—N=0 NO,~ HNOs(ag) + HyO(l) == H30%(ag) + NO, (ag) 45 x 1074
(HNO,)
Benzoic I—-“[}“" Cl C;Hs0,”  HC;Hs0s(aq) + HyO() == H;0"(aq) + C;H50, (ag) 6.3 % 107°
(HC7H50;)
O I|-1
Acetic He Qe e Tl CzH:;Dg_ HCgHaoz{Hq:l + H,O(l) =— H30+(ﬂ!q) + CgHaOz_(mTf) 1.8 x 10_5
(HC:H30;)
H
Hypochlorous (HCIO) H—(—C1 ClO~ HCIO(ag) + H,O(l) == H30%(ag) + ClO (aq) 3.0 x 1078
Hydrocyanic (HCN) H-—{'==N CN~ HCN(ag) + H;0(l) == H30%(aq) + CN(aq) 49 x 10710
Phenol Hwﬂ@ C¢HsO~  HCgH:O(ag) + HoO() == H30%(aq) + C¢HsO (ag) 1.3 x 10710
(HCsH50) s

"

*The proton that ionizes is shown in blue.



Calculating K, from the pH

Example: The pH of a 0.10 M solution of formic acid, HCOOH, at 25°C is 2.38.
Calculate K, for formic acid at this temperature.

Solution:
We know that

HA(aq) + HyO(l) = A (aq) + H30™ (aq) [H3OT|[HCOO™]
K, =

HCOOH + H,0 = HCOO™ + H307" |[HCOOH]

pH = —log [H;0%]

—2.38=log [H3O+]

[HCOOH], M [H,0*], M | [HCOO], M

10-2-38 = 1(Qlog [H30*] = [H3O+]

473 10_3 _ [H3O+] _ [HCOO_] Initially 0.10 0 0
Change —4.23 103 +4.23 103 | +4.23 103
At 0.10-4.23 103 | 4.23 103 | 4.23 103
Equilibrium =0.0958 = 0.10




4.23 103][4.23 103
Ka = [ [O]]l_:O] ] =1.83 104

Calculating Percent lonization

HCOOH + H,O = HCOO™ + H30™

.. , amount tonized
Percent 1onization = : — x 100
total in solution

A7
[HA] +[A7]

Percent tonization = x 100

In the example:
[Aleq = [H30%],=4.23 103 M
[A]q + [HCOOH],, = [HCOOH], iz = 0.10 M

Percent lonization = 42 3 10_3 X 100 = 42%
0.10




Example of an acid-base equilibrium problem, consider water in equilibrium with
atmospheric carbon dioxide. The value of [CO,(aq)] in water at 25°C in equilibrium with air
that is 350 parts per million CO, (close to the concentration of this gas in the atmosphere) is
1.146 x 10 moles/liter (M). The carbon dioxide dissociates partially in water to produce
equal concentrations of H* and HCOg

ED: + HED — HEDJ_ ~ H™
<0 that:
[H']=[HCO, ]

The concentrations of H and HCO, are calculated from K,

[HHCO;"]1 _ [HTT
[CO,] 1.146 x 1077

K = 445 % 107

al —

< _ KglCOy] _ [HY

[H7] = 445 % 1077
[HCO, ] 1.146 x 1077

Since [H ] = [HCO, ], this relationship simplifies to

[H]=[HCO, 1=1(1.146 x 107" x 4.45 = IEI_F]]-E =225x10°
3

pH=35.65 This calculation explains why pure water that has equilibrated with the
unpolluted atmosphere is slightly acidic, with a pH somewhat less than 7



PREPARATION OF ACIDS

Important Acids Produced when Nonmetal Oxides React with Water

Oxide reacted Acid formula Acid Name

50, H,50, Sulfurie
S0, H,S0, Sulfurous
N,O, HNO, Nitric
N,O, HNO, Nitrous
PO, H,PO, Phosphoric

Acid rain resulting from the introduction of sulfuric, nitric, and hydrochloric acids into the
atmosphere by the burning of fossil fuels damages buildings, statues, crops, and electrical
equipment in some areas of the world.



A simpleway to makeanacidis to reacthydrogenwith a nonmetalthatformsacompound
with hydrogenthat will form H+ ion in water Hydrochloricacid canbe madeby reacting
hydrogemandchlorine

H, + Cl, Y 2HCI

and addingthe hydrogenchloride productto water Other acidsthat consistof hydrogen
combinedwith anonmetalreHF, HBr, HI, andH.S.

Sometimes nonmetalreactsdirectly with waterto produceacids The bestexampleof this
Is thereactionof chlorinewith water

Cl, + H,O Y HCI + HCIO

to producehydrochloricacidandhypochlorousacid

Volatile acid® thosethat evaporateeasilyd can be made from salts and nonvolatile
acids The mostcommonnonvolatileacid so usedis sulfuric acid, H,SO,. Whensolid NaCl
is heatedn contactwith concentratedulfuric acid,

2NaCl(s) + H,SO,(I) Y 2HCI(g) + Na,SO,(s)

HCI gasis givenoff. This gascanbe collectedin waterto makehydrochloricacid Similarly
whencalciumsulfite is heatedwith sulfuric acid,

CaSQ(s) + H,SO () Y CaSQ(s) + SO(g) + H,0O

sulfur dioxide is given off asa gas It canbe collectedin waterto producesulfurousacid,
H,SO,.



PREPARATION OF BASE

Important Bases Produced when Metal Oxides React with Water

Oxide reacted Base formula Base Name

L0 Li1OH Lithium
hydroxide
Na,O NaOH Sodium
hydroxide
K,O KOH Potassium
hydroxide
MgO Mg(OH), Magnesium
hydroxide
Ca0 Ca(OH), Calcium

hydroxide




Basescanbe preparedn severalways Many basescontainmetalsand somemetalsreact
directly with waterto producea solution of base Lithium, sodium,and potassiumreact
very vigorouslywith waterto producetheir hydroxides

2K + 2H,O0 Y 2K* + 20H + H, (g)

potassium hydroxide (strong base)

Many metaloxidesform basesvhentheyaredissolvedn water

MgO + H,O Y Mg(OH),

Many saltsthatdo not themselvegontainhydroxideion actasbasedy reactingwith water
to produceOH-. SodiumcarbonateNa,CO;, is the mostwidely usedof thesesalts When
sodiumcarbonates placedin water,the carbonateon reactswith water

CO% + H,O Y HCO; + OH

to form a hydroxide ion and a bicarbonateion (HCO;). Commercial grade sodium
carbonatesodaash,is usedvery widely for neutralizingacid in watertreatmentand other
applicationslt is usedin phosphatdree detergents

It is amucheasiembaseto handleandusethansodiumhydroxide

Trisodium phosphate,Na;PO,, is an even stronger base than sodium carbonate The
phosphateéon reactswith water

PO + H,O Y HPO” + OH

to yield a high concentratiorof hydroxideions This kind of reactionwith wateris calleda
hydrolysisreaction



PREPARATION OF SALTS

Many salts are important industrial chemicals. Others are used in food preparatio
medicine. A huge quantity of MaO; is used each year, largely to
treat water and to neutralize acid.

Over1.5 million tons of NSO, are used in applications such as inert filler in powdered
detergents. Approximate30,000tons of sodium thiosulfate, N&,0;, are used each year in
developing photographic film and in other applications. Canadian mines produce more t
10 million tons of KCI

Many kinds of saltscanbe obtainedby evaporatingwaterfrom a few saltrich inland sea
waters

Oneway of makingsaltsalreadydiscussedn this chapteris to reactan acid anda baseto
produceasaltandwater

Calciumpropionatewhichis usedto preservébreadis madeby reactingcalciumhydroxide
andpropionicacid,HC;H:O,
Ca(OH), + 2HC,H.0, Y Ca(CH:0,), + 2H,0
calciumpropionate
In some cases,a metal and a nonmetalwill reactdirectly to make a salt If a strip of
magnesiunburnsin anatmospheref chlorinegas,

Mg + Cl, — MgCl,



Ca + H,20, — H,(g) + Cas0,(s)

2A1 + 6NaOH — l]'*thlua_-1"1Ll'li:l‘_1 + _%HEI g)

In casesvherea metalformsaninsolublehydroxide,additionof a baseto a saltof thatmetal
canresultin the formation of a new salt If potassiumhydroxideis addedto a solution of

magnesiunsulfate

JKOH + MgSO, — Mg(OH),(s) + K,50,(aq)

If the anionin a salt can form a volatile acid, a new salt can be formed by adding a
nonvolatileacid, heatingto drive off the volatile product,andcollectingthe volatile acidin
water If nonvolatilesulfuric acid is heatedwith NaCl HCI gas is given off and sodium

sulfate remains behind
H,SO, + 2NaCl Y 2HCI(g) + Na,SO,



Somemetalswill displaceother metalsfrom a salt Advantageis taken of this for the
removalof toxic heavymetalsfrom watersolutionsof theme t &dltshyreactionwith a
moreactive metal,a processcalled cementationFor example metalliciron canbereacted
with wastewatecontainingdissolvedoxic cadmiumsulfate,

Fe(s) + CdSQ( a g Qd(s) + FeSQ(aq)

to isolate solid cadmiummetal and leave solid cadmiummetal and a new salt, iron (Il)
sulfate

Finally, thereare many specialcommercialprocesse$or making specific salts One such
exampleis the widely usedSolvay Processfor making sodium bicarbonateand sodium
carbonateln this processa sodiumchloride solutionis saturatedvith ammoniagas,then
saturatedvith carbondioxide andfinally cooled Thereactionthatoccursis

NaCl + NH, + CO, + H,OY NaHCQ(s) + NH,CI
and sodium bicarbonate(baking soda) precipitatesfrom the cooled solution When the
sodiumbicarbonates heatedit is convertedo sodiumcarbonate

2NaHCQ, + heatY Na,CO; + H,O(g) + CO,(9)



Environmental Applications: Acid Rain

Pollution in the air (sulfur dioxide, carbon dioxide, nitrogen dioxide) combines with
water to form various acids.

Rapid changes in pH can Kkill fish and other organisms in lakes and streams.
Soil pH is affected and can kill plants and create sinkholes

Acid rain can harm fish.


http://llv2.terc.edu/acidrain/content_students/session02/session02_01/images/s02_page02a_pic.jpg

Homework No. 2

1. Give the pH values corresponding to each of the following values of [H*]:
(@) 1.00 x 104 mol/L, (b) 1.00 x 108 mol/L, (c) 5.63 x 10 mol/L, (d) 3.67 x10 mol/L.

2. In a 1 molar solution of acetic acid (containing 1 mol of acetic acid per liter of solution)
only about 0.5% of the acid is ionized to produce an acetate ion and a hydrogen ion.
Calculate the number of moles of H* in a liter of such a solution.

3. Calculate the pH of a 0.30 M solution of acetic acid, C,H;0,H, at 25°C. K, for acetic acid at
25°Cis 1.83 10°. 0 H;COOH + H,0 = CH3C00~ + H30™



