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Why study acids and bases?

« Acids and bases are common in the everyday
world as well as in the lab.

» Some common acidic products

* vinegar (dilute acetic acid), soft drinks (carbonic
acid), aspirin (acetylsalicylic acid), vitamin C
(ascorbic acid)

» Some common basic products

» Antacids such as milk of magnesia (magnesium
hydroxide) and calcium carbonate, household

ammonia, oven and drain cleaners (sodium
: : . Adids
hydroxide), some bleaches (sodium hydroxide) /and
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Acids and Bases: Definitions
Arrhenius Definition of Acids and Bases

Acids are substances which increase the concentration of H" ions when
dissolved in water.

e An acid is a substance that produces H™ when dissolved in water.

Bases are substances which increase the concentration of OH ions
when dissolved in water.

® A base is a substance that produces OH- when dissolved in water

But the Arrhenius definition of acids and bases is the limited to water
solutions

> Problems

« Some basic substances do not have OH-

» Confined to H,O solutions



http://en.wikipedia.org/wiki/Image:Arrhenius2.jpg

Some Definitions

* Brgnsted-Lowry

> Acid: Proton donor

» Base: Proton acceptor

* Bronsted-Lowry Concept (1923)
» Acid-base reaction involves proton transfer
*HA+B > HB"+ A
> Base: proton acceptor

e does not have to have OH- in formula Aids

and
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HCI + H>0 >H30+ + ClI”

acld base
NH3 + HoO===NH,*+ OH"
base acld

> Acids & bases can be molecules or ions

» Back reaction is also a proton transfer.
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NH3 + H,O=—=NH *+ OH-

& 0 00

Acid-base conjugate pairs

+ Conjugate Acid-Base Pair (HA/A-, HB*/B)

« Two chemical species whose formulas differ by only
one proton

acid — conj. base + H*
base + H* — conj. acid



Acid and Base Strength

ACID  BASE e Strong acids are completely

100% Hl <3 dissociated in water.
ionized in HpS0, HSO,” =& _ _ _
H,0 HNO, NO,~ |2 » Their conjugate bases are quite
H;0"(aq) H,0 weak.
B LSO, SO,2~ g _ _ _
HPO,  HpPO, « Weak acids only dissociate
HE F~ £ : -
| HeHO,  CHOy [ partially in water.
% HCO;  HCOy « @ > Their conjugate bases are weak
: = 1S s =8 bases
2 H,PO,~  HPO,2" '
=1 . . .
s NS NHs « Substances with negligible
= HCO;~ COz*~ - : : :
; ol Pos- acidity do not dissociate in
< B8 0 8 water.
s OH 0 & | 100% . .
B, - B protonated » Their conjugate bases are 4.
& _ inH .
2 CH, CH, ’ exceedingly strong. and
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The lon Product of Water

Because the autoionization of H>O Is an equilibrium process, it can be
written as an equilibrium constant expression:

Ko = [H30T][OH7] = 1.0x 10" at 25°C

The following equilibrium for the dissociation of H»O Is used very
frequently:

HoO () = H* (aq) + OH (aq)

The following equilibrium expression can be written for the ion product of

water:

Kw = [HT][OHT] = 1.0x 10 * at 25°C

The above equation is valid for any dilute aqueous solution.
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pH

* pH Is defined as the negative base-10 logarithm of
the hydronium ion concentration.

pH = —log [H;07]
* |n neutral water,

Ky =[H;0*] [OH]=1.0 x 1074

[H,0"] = (1.0 x 10724)12 = 1.0 x 1077

Adids
and
Bases



pH

 Therefore, in neutral water,

pH = —log[H30"]=—log[H™] 0OH = —log[OH]
pH =-log (1.0 x 10~7) = 7.00
« An acid has a higher [H;0*] than neutral water, so its pH is <7

* A base has a lower [H;0] than neutral water, so its pH is >7.

Solution Type [H*]1 (M) [OH™] (M) pH Value
Acidic >1.0 X 1077 <1.0 X 1077 <7.00
Neutral =1.0 X 1077 =1.0 X 1077 =7.00

Basic <1.0 X 1077 >1.0 X 1077 >7.00

Bases



[H'1M) pH pOH [OH (M)

Gastric juige ——— —w—

These are the
pH values for

Lemon juice = —— == e
Cola, vinegar - - - --

(7777 PN

Tomatoes - ———— - - - - 1x107* 40 100 1x1071
several Banana - - ————— -

Black coffee ==~~~ — 1x107° 50 9.0 1x107°
common g:liir“,a":::::— g 60 80  1x10°°

Milk ———==---=~-~-- - -
substances. Human blood, tears - -~ 1X1077 7.0 70 1x1077

gfﬁg;;fézef‘fftfr_ " ix10® 80 60  1x10°°

Borax ——-—=——===m- - 1x107° 90 50  1Xx10°°

Milk of magnesia - - - - 1y1¢~10 10.0 4.0 11074
Lime water ——————7 | | :

Household ammonia -
Household bleach- - -
NaOH. 0.1 M-—— ===




Other “p” Scales

* The "p” in pH tells us to take the negative log of

the gquantity (in this case, hydrogen ions).
* Some similar examples are
» POH -log [OH]
» pK,, —log K,

pH + pOH = pK, = 14.00

Adids
and
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How Do We Measure pH?

oo PETRTTE™w  »ow ¢ For less accurate

Methyl violet Yellow - Violet
measurements, one can

Thymol blue Red - Yellow Yellow . Blue
Methyl orange Red - Yellow u S e
Methyl red Red - Yellow > L | t mus p ap er
Bromthymol blue Yellow - Blue
Phenolphthalein Colorless - Pink ® * Red 7 pa p e r tu rn S
Alizarin yellow R Yellow -Red b | u e ab OV e —_ p H — 8

* “Blue” paper turns
red below ~pH =5

> An indicator

* FOr more accurate

Adids
» pH meter and




Strong Acids

Seven strong acids are
HCI, HBr, HI, HNO,, H,SO,, HCIO,, and HCIO,.

These are, by definition, strong electrolytes and exist totally
as lons in aqueous solution.

HNO;(aq) + H,O(l) —» H;0*(aq) + NO;(aq)

For the monoprotic strong acids,
[H;O*] = [acid].

Adids
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Strong Bases

* Most ionic hydroxides are strong bases (e.g. NaOH, KOH,
and Ca(OH),).

« Strong bases are the soluble hydroxides, which are the
alkali metal and heavier alkaline earth metal hydroxides
(Ca?*, Sr?*, and Ba?).

« Again, these substances dissociate completely in agueous

solution.
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Weak Acids

Weak acids are only partially ionized in solution.

There is a mixture of ions and unionized acid In
solution.

Therefore, weak acids are in equilibrium:
HA(aq) + HyO(1) H30"(aq) + A'(aq)

_[H30 TIA]
[HA]

a

This equilibrium constant is called the acid- y S
dissociation constant, K.. Bases



Dissociation Constants

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

« If Ka >> 1, then the acid is completely ionized and

the acid is a strong acid.

Structural Conjugate
Acid Formula Base Equilibrium Reaction K,
Hydrofluoric (HF) H—F F~ HF(ag) + H,O() == H30%(aq) + F (ag) 6.8 X 1074
Nitrous H—0—N=3 NO,~ HNO,(aq) + HyO(l) = H30(ag) + NO, (aq) 45 x 1074
(HNOz) O
A
Benzoic }!-~~~-'.:“?'~~~"‘i:""":\_I‘L_ A7) GHsOym  HCGHs50,(ag) + HyO() == H;0%(aq) + C;Hs0, (ag) 6.3 X 107°
(HC;H50,) Yk
O H
Acetic H—O—C—C—H  GH;0,~  HGH;0,(ag) + HyO() == H30%(ag) + CH30, (ag) 1.8 X 1075
(HC,H30,) )
H
Hypochlorous (HCIO) H-—+—1 ClO~ HCIO(aq) + H,O(l) = H30(ag) + ClO (aq) 3.0 x 1078
Hydrocyanic (HCN) - ==n CN~ HCN(ag) + H,O(l) = H30"(aq) + CN (aq) 49 x 10710
Phenol H—(— {": (> CeHsO~  HCgHsO(ag) + H,O() = H30*(ag) + CgHsO (ag) 1.3 X 10710
(HC¢H;50) ncnal o

*The proton that ionizes is shown in blue.
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Polyprotic Acids

- Have more than one acidic proton.

- If the difference between the K for the first dissociation and

subsequent K, values is 10° or more, the pH generally

depends only on the first dissociation.

Name Formula K1 K,» K 3

Ascorbic H,CcH O 8.0 X 107° 1.6 X 10712

Carbonic H,CO; 43 X 1077 5.6 X 10711

Citric H;CHs0; 74 % 107 1.7 X 107° 4.0 X 1077

Oxalic H,C,0, 59 X 1072 6.4 X 107°

Phosphoric H3PO, 7.5 X 1072 6.2 X 1078 40 % 102

Sulfurous H,S0; 1.7 X 1072 6.4 X 1078

Sulfuric H,SO, Large 1.2 % 1072 Adids
Tartaric H,C4H4Op 1.0 X 107 46 x 107 .

_Bises\,



Polyprotic Acids

« The protons are removed In steps not all at once:

H,SO5(aq) === H*(aqg) + HSO5(aq) Ky =1.7 x 1072

HSO5 (aq) === H*(aq) + SOz*(aq) Ky =6.4x 1078

* |t is always easier to remove the first proton in a

polyprotic acid than the second.

 Therefore, K ; > K_, > K_; etc. a

and
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Weak Bases

Bases react with water to produce hydroxide ion.

add H"

\ l

NHj;(ag) + HyO(l) == NH," (agq) + OH (aq)

Base Acid Conjugate Conjugate
acid base
remove H™ T

The base dissociation constant, Kb, i1s defined as

. [NH4+][OH_] Adids
_ and
[NHB] _Basesy

Kp



K, and K,

Acid K, Base Ky

HNO3 (Strong acid) NO;™ (Negligible basicity)
HF 6.8 X 1074 F~ 15 x 10711
HC,H;0, 18 %10 CoH30,™ 5.6 X 10710

H,CO; 43 x 1077 HCO;5~ 23 %1078

NH,* 5.6 X 10710 NH; 1.8 X 107

HCO;~ 5.6 x 1071 CO;% 1.8 X 1074

OH"™ (Negligible acidity) O (Strong base)

« K, and K, are related in this way:
Ky X Ky =K,
« Therefore, if you know one of them, you can calculate
the other.

« Taking negative logarithms:
Adids

PRw = pKa+PpKp -

: /,,Bé‘ses\



Read: Reactions of Anions and Cations with
Water

Read: Effect of Cations and Anions

Not responsible
for the Part 16.10 and 16.11
16.10 - Acid-Base Behavior and Chemical Structure

16.11 - Lewis Acids and Bases
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