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Acid-Base Theories

 We will look at several (not all) concepts of
acid-base theory including:
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ne Arrhenius concept s e
ne Bronsted Lowry concept
ne Lewis concept
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Arrhenius Theory
Svante Arrenhius (1857-1927)

Acid: Substance that produces H' in water.
Base: Substance that produces OH" in water.
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HCl,,, 2 H" + Cl produces H" in water
NaOH - Na" + OH- produces OH- in water

Arrhenius acid and base neutralize each other to produce

salt and water: Ayl £ e s o i e
H+Cl(aq) +NaOH,,,, 2 NaCl,, + H,0),
H" oy + OH g 2 HyO,



 The Arrhenius concept is limited in that it looks at acids
and bases in aqueous solutions only involving H+ and OH-
There are many substances with acid/base properties that
do not involve these and cannot be classified by this

theor @13 alsll e waall Jlia —OH 5 +H i Jouts (3l Ll Jlal) o aelsilly (alaa¥l o] Sl ¥ sgine Gusiion)l asedo
y' Aokl sdgd Bd Leiiins oSay Yy 8da ansD ¥ 3l GueEl/dudanll jailall



Acid/Base definitions

e Definition 1: Arrhenius (traditional) — corwn 5z 2

Acids — produce H" 1ons (or hydronium ions H;O™)
Bases — produce OH- ions

(problem: some bases don’t have hydroxide ions!)



Bronsted/Lowry Theory
Johannes Bronsted (1879-1947) Thomas Lowry (1874-1936)

Acid: Substance that can donate proton (H").
Base: Substance that can accept proton (must

° ° Ssl/ gy G yla
contain lone pair of electrons). (1936-1878) 6.9 e (1947-1579) s i
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HCI+ NH; 2 NH," + CI
Acid base CA CB



* What 1s it by Bronsted-Lowry?
NH,(aq)+ H,0(1) = NH, (aq)+ OH (aq)

base acid

L/

H” a5 us
In the forward reaction, NH; accepts a proton
from H,O. Thus, NH, is a base and H,O is an
acid. Same conclusion without looking at OH-
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NH,(aq)+ H,0(1) &——= NH, (aq)+ OH (aq)

acid base

H+
Since this is a reversible reaction, there is
also acid/base components on the reverse rxn.

NH,* donates a proton to OH". The NH,* ion is
the acid and OH- is the base. :
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NH,(aq)+ H,0(1) —— NH, (aq)+ OH (aq)

base acid acid base

The species NH,* / NH; and H,O / OH- are
conjugate acid-base pair.
SEET TN : . .
f”“ e A conjugate acid-base pair consists of two
> species in an acid-base reaction, one acid and
one base, that differ by the loss or gain of

one proton.
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NH,(aq)+ H,0(1) ——= NH, (aq)+ OH (aq)

base 1 acid 2 acid 1 base 2
NH," is the conjugate acid of NH; and NH, is
the conjugate base of NH,* (NH,* /NH,). H,O
is the conjugate acid of OH- and OH-" is the
conjugate base of H,0O (H,O/OH").
The Bransted-Lowry concept defines asspecies
as an acid or a base according to its function in
thespreton-tranSIEr FEaCHIoON. e v oo v e

NH). H
1 3311 aeall 58 OH- 5 OH- J d&al,ll 3aclill g8 H20 (H20/OH-).
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Acids may be cations, neutral molecules, or anions,
while bases may'beranions ormeéutral molecules. Just as
a reduction must always accompany an oxidation, a
proton donor (acid) must accompany a proton acceptor
(base). Once an acid transfers its proton it becomes the
conjugate base (CB) and once a base accepts the proton
it becomes the conjugate acid (CA). Since protons are
always transferred in the Arrenhius concept, all
Arrhenius acid/base reactions are also Bronsted-
Lowry acid/base reactions. But 1f water 1s not
involved (HCI & NH;), the reaction can be explained by
Bronsted/Lowry concept and not Arrenhius.
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Acid/Base Definitions

* Definition 2: Brensted — Lowry

Acids — proton donor

Oyl daile = alea¥l
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Bases — proton acceptor

A “proton” is really just a hydrogen atom that has lost 1t’s
electron!



A Bronsted-Lowry acid 1s a proton donor
A Bronsted-Lowry base 1s a proton acceptor

5ol ke 5o Sosl-adinioy aen
Ol JuSie (oa (S osl-adinigy Bacls

C

conjugate conjugate
acid base
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base acid



Lewis Theory
Gilbert Lewis (1875-1946)

, Acid: Substance that can accept a pair of electrons from
) another atom to form a new bond. = =7
Base: Substance that can donate a pair of electrons to

another atom to form a new bond. === o b s e naie b s
The proton itself can act as Lewis acid. Lewis expands
acid/base reactions to include many substances without
H in formula. Al S s ol it ) ) s ] i

F,B + NH, - F,B:NH,

15



* The reaction of boron trifluoride with
ammonia is an example. =~

:li: Ili :il«“.: 1|{
:...._ ? + :1|V_H — :::_ ? . 1|V_H
X H :F: H

Boron trifluoride accepts the electron pair, so it is a
Lewis acid. Ammonia makes available the
electron pair, so it is the Lewis base.
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Acids & Base Definitions

Definition 3 — Lewis

Lewis acid - a substance
&J/ that accepts an electron
- pair
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o> Lewis base - a substance
7;% that donates an electron
pair



Lewis Acids & Bases

Formation of hydronium 10n 1s also an excellent
example. e Jlie Ll 58 assigymgd) Gsal ons$S

+/‘\. O‘_H H_.O._H
H \
H H
ACID BASE

*Electron pair of the new O-H bond
Orlglnates on the LerS baSe sl 83l sl Lty O-H Sassall Al e 0sSIY £530
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TABLE 6-1
Comparison of Acid-Base Definitions
Definitions Examples

Description Date Acid Base Acid Base
Lavoisier ~1716 Oxide of N, P. S Reacts with acid SO, NaOH
Liebig 1838 H replaceable by metal Reacts with acid HNO; NaOH
Arrthenius 1894 Forms hydronium ion Forms hydroxide ion H OH™
Brgnsted-Lowry 1923 Hydrogen ion donor Hydrogen ion acceptor H;0" H,0

H,0 OH

NH," NH;
Lewis 1923 Electron pair acceptor Electron pair donor Ag’ NH;
[ngold-Robinson 1932 Electrophile (electron pair acceptor) Nucleophile (electron pair donor) BF; NH;
Lux-Flood 1939 Oxide 1on acceptor Oxide ion donor 510, Ca0
Usanovich 1939 Electron acceptor Electron donor Cl, Na
Solvent system 1950s Solvent cation Solvent anion BiF," BrF,
Frontier orbitals 1960s LUMO of acceptor HOMO of donor BE; NH;

19



What is an acid?

An acid is a solution that has an excess of H+
lons.

AH Glad e a6 e ssinn Jslae oo Aaall
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The more H + ions, the more acidic the
solution .
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Properties of an Acid

* Tastes Sour
* Conduct Electricity

e Corrosive, which means they break down certain substances. Many acids can

corrode fabric, skin,and paper pasla gk

H . sl Jeas

* Some acids react strongly with metals Ll SIS 51 Sy GLenl o spanll bl iy el o L iy Lo (JSEI s
-Boslls aladl

e Turns blue litmus paper red Doladl e 3 el ALenY i

oYl B0 Guall sle 355 dsae



What is a base?

e A baseis a solution that has an excess of
OH- Ions.

e Another word for base is alkali.

(Sslall a BacEl Al LS o
ol Slinl Jsd S slse ga aclsill @

* Bases are substances that can accept
hydrogen ions



Some Properties of Bases

Produce OH- ions in water

Taste bitter, chalky

U od -OH clisl L

Are electrolytes e

@y slealls s
s Y sl Lalea ] g Jelin

Feel soapy, slippery PH 7 o

"gac @l G381 B8 ) elyeadl Guadidl slie 4,4 Joas
5
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React with acids to form salts and water

pH greater than 7

Turns red litmus paper to blue  “Basic Blue”
Corrosive

Do not react with metals.
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Some Common Bases

NaOH sodium hydroxide
KOH potassium hydroxide

Ba(OH), barium hydroxide
Mg(OH), magnesium hydroxide

AI(OH), aluminum hydroxide
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What 1s the pH scale’

pH
* The pH scale g

mMmeasures } 0.1 M hydrochloric acid
2 -

I 2.0 acid spring water

how acidic ' :
or basica BT

6 — 6.0yogurt

2.3 lemon juice
2.4 vinegar

3.0 red wine
3.5 sauerkraut

solution is. — 6.6 cow's milk
Nogiral = [igiielme
Joladl agls 5 Ldsan sae Guids plangyugdl 2Bl ulids @ @- 8.0 seawater

== 8.4 sodium bicarbonate
9 == 9.2 borax, alkaline soils

== 10.5 milk of magnesia

== 11.5 household ammonia

— 124 limewater
13 — 13.2 ovencleaner

_@— 1 M potassium hydroxide




The pH scale
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* The pH scale is the concentration of hldrogen
ions in a given substance.

pH = —log[ +]



Identifying Acids and Bases

e Acids have a pH from 0-7

* Lower pH value indicates a stronger acid.

T

(3T phen (ol 5t Laiail] Ldgenl] G dad

* baseshave a pH from 7-14

* Higher pH value indicates a stronger base.
\ .
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 What happens when the pH of a substance is
77

S
* Ans: A pH level of 7 indicates a Neutral

Substance i.e: Water!



* What is the range of an ACID on the pH scale?
AnSI 0'7 S ohngsugll a8l Guliis ole aeall 3l sa Lo

 What is the range of a BASE and what is
another name for a BASE?  -woiinnn.

Ans: 7-14, Alkaline



pH Scale

* A change of 1 pH unit represents a tenfold
change in the acidity of the solution. ~ =

* For example, if one solution has a pH of 1 and
a second solution has a pH of 2, the first
solution 1s not twice as acidic as the second

o 4 @3Bl Jolall Sy 1 Lagen dags d Jlladl aal IS 131 JEU Jos oo @

1t 1s ten times more acidic. Ll 48 | b e Al 1 e

Slal Syte lata Ligen KT

Vinaegar
el ey,
Hydrochlorkc  Gastric contents

acid SR R,

|
Softdrinks
Q—r’

Tomatoes




Acid — Base Reactions

e N
x ty&aﬁ . .
\»? " e Areaction between an acid
. Base Acid
and a base is called
neutralization. An acid-base
mixture is not as acidic or
basic as the individual
starting solutions. — '
5 e
anill asl Buelly aaadl o Jelilll gle Gl @ pH=12 pH=2

Jio Guels o7 Gran Gyl Bacldlly jaaadl Lualx
aydll Ll s

When mixed
together, acidic
and basic solutions
produce a more
neutral solution.
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Salt

Sodium chloride
NaCl

Potassium iodide
KI

Calcium chloride
CaCl,

Potassium chloride
KCl
=

Calcium carbonate
CaCO;
o ——————

Ammonium nitrate
NH;4NO3

Uses

Food flavoring; food
preservative
Additive in “iodized”
salt that prevents
iodine deficiency

De-icer for roads
and walkways

Salt substitute in foods

Found in limestone
and seashells

Fertilizer; active
ingredient in cold packs

S o
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Acid — Base reactions

Common Salts

Each salt listed in this table can
be formed by the reaction
between an acid and a base.
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-~ Calculating the pH 5

A\ e 5¢
\© % o ”3
pH =-log [H+]
;kwgkwp &Qdﬁk/
— ‘ L ZY T
Example:I It [H*] = 13( 1010 RS A/,»&?MD\ N \/’;
pH=-log1X 10 o NP LTS
H=-(-10) 7~ i -
5 p - - (- 3)\)\‘, : .D?\.);\,k./ ' ’
/j/ pH=10 SES AN Sade 1DV o R
% Example: If [H*] =1.8 X 10> [Hﬁ ] \_<z>>z\56 by eip 2o
pH - - |Og 18 X 10-5 ]C \ur Jboank 1S alld ov base
e suve i ¥ Ss_g .
pH = - (' 474) P [’;ij - | .®x e EH:{ < i@
_ '3 -
pH=4.74 Pf;’i _[jl w10 17

DH—-_C U 74)
PH’ Y. 7q 570 ‘f’h(gul%em/f’ ’'s acid



< pH calculatngps ;}% for

A~ Q}\ calom Lation  +h e‘& SR \(> PH-3 12
- —/O [H = _ o\
- = R N B N l“‘v\ \ Y%
) \9}7 Q\\ /,_ r,’)/.,..e\ «— Z/_{' ] =D i\—\)’} —,-74 Y\ \N\\ C}"Q})

2 P e de o dn
f the pH of Coke is 3.12, [H*] = 2?2 1o _;ugﬂuﬂ}))

o :
Take antilog (10%) of both
sidesandget™

];O'F)H = [H"'L

[HY] =10312=76x10% M
MUF calculator, look for “Shift” or “2" function” and

then the IOg button nleslll 53 W "Ll Fadsd 5T SHIFE" se sl el Lualadl Lualadl DY le il o3, laslll olagy




pH calculations — Solving for H+

> # Asolution has a pH of 8.5. What is the
Molarity of hydrogen ions in the solution?

LoD A _PW
sty Tr1 = ot

pH =xlogH"] Far . \b_%,S

8. e H*] rH¥7 = 2k Me M
85 é '

Antilo = aritilog (log [H*])

1085= [ ’

3.16 X 100 = [HY]



N %/ More About Water

H,O can function as both an ACID and a
BASE.

~ (}( In pure water there can be
r - * AUTOIONIZATION

Sang G oKay 8 LU
@S gl

Equilibrium constant for water = K,

7K, = [H;0] [OH] = 1.00 x 104 at 25 °C



More About Water

Aut0|on|zat|on OH

Y} A

25,4 AT

K, = [H;0*] [OH]= 1.00 x 1024 at 25 °C

In a neutral solution [H,0*] = [OH]

50K, = [H;0*]? = [OH]? S5
_—

\[ndso[H o+]— - 1.00 X 107 M

\v
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* Since acids and bases are opposites, pH
and pOH are OppOSiteS! ol [od oSyl 23115 emapndll 231 018 Glad Lo selitlly palandl O Loy @

* pOH does not really exist, but it is
useful for changing bases to pH. e e o

 pOH looks at the perspective of a base

pOH=-log[OH] &

Since pH and pOH are on opposite ends,
pH + pOH =14 gy



Basic

7 10”7 1077 7
Neutral —— — — —

Acidic




- |H;0%], [OH | and pH

What is the pH of the 0.0010 M NaOH solution?
[OH-] =0.0010 (or 1.0 X 103 M)

pOH =-1og 0.0010 . Dx\z&?
pOH =3 SO

oH =14-3=11







pH testing
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* There are several ways to test pH =~
— Blue litmus paper (red = acid) "
— Red litmus paper (blue = basic) e s,
— pH paper (multi-colored) cswpi.-
— pH meter (7 is neutral, <7 acid, >7 base) » - wsiw
— Universal indicator (multi-colored) cs .
— Indicators like phencflphthalein i o b
— Natural indicators like red cabbage,

saa ¥ Cigdlll e Tine ke -

radishes v
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» 57 Paper testing

/ Paper tests like litmus paper
and pH paper il ¥ sy undl] slie Bs e Sl SAA o

— Put a stirring rod into the solution and

St| I. Red litmus paper with a drop of base here

— Take the stirring rod out, and place a
drop of the solution from the end of
the stirring rod onto a piece of the

paper
sl 585 Jass 15/ Blue litmus paper with a drop of acid here

— Read and record the color change.
Note what the color indicates. ... ...

— You should only use a small portion of
the paper. You can use one piece of
paper for several tests.

o Banly akd alanio) UiSey &yl o bl s cya alanial dhle cay -
Ollaa) Baal 3l




pPH paper
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Behavior of Salts in Water

Table 18.8 The Behavior of Salts in Water
Salt Solution Nature lon That Reacts
(Examples) of lons with Water

Neutral Cation of None
m KBr, strong base

Anion of
Ba(NO,),] strong acid

Acidi Cation of Cation
/N:fCI NH.NO weak base
[NH,CI, NH,NO,, Anion of
Acidic Small, highly Cation
[AI(NO.,) charged cation
3737 Anion of
CrCl,, FeBr,] strong acid
Basic Cation of

pH
&5
CH;NH,Br] strong acid
=
70

strong base
[SH bOONS, Anion of

KF, Na,CO,] weak acid

@ McGraw-Hill Higher Education/Stephen Frisch. photographer
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pH meter

Tests the voltage of the
GIECtrOIVte cda I spn o

Converts the voltage to pH

gl 21 Gl seall Joa

Very cheap, accurate

33y faa paui @

Must be calibrat\ed with a
buffer solution ==~




o pH indicators
=

* Indicators are dyes that can
be added that will change
color in the presen a

Saeld 5T (dan gsms o sl e o1y Lila] (Koo flual a2l @

acid or base.

. Some indicators only work in
a specific range of pH

iyl abll e une Bt o LS Jaxd sl Gans @

* Once the drops are added,
the sample is ruined

Baall slead] ay okl Gls) syna @

 Some dyes are natural, like
radish skin or red cabbage
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Consider the ionization reactions for a conjugate acid-Base pair, HA - A™: N /(w /) \%sl )}_J LN A BN,

- o Ao 0¥ AT J
HA(ag) + H,O() = H 0V a@)+ A~(ag) = > o 3[HA]

e BENCANN
A~(ag) + H,0(l) = OH(aq) + HA(aq) zi,: - % BNIH A ez
E_ bl @uw‘,‘ajuw@gg‘gmnw,;uu)le‘u L 37 o \ L W
. . . T e . cASE g ~ -
Adding these two chemical equations vields the equation for the autoionization for water: -

HAes + Hy O() + Aegy + HIOU) = H; 0 (agRp Adkagh -0 1y) + HAegs

Q0 3 Qe +OH(agy

As shown in the previous chapter on equilibrium, the K expression for a chemical equation derived from adding two
or more other equations is the mathematical product of the other equations” K expressions. Multiplying the mass-
action expressions together and cancelling common terms, we see that:

[H;0*[A7]  [HAJIOH"]
(HA] [A7]

K, xKy= =[H;07][OH"] =K,

For example, the acid ionization constant of acetic acid (CH3COOH) is 1.8 x 10“5, gd the base ionization constant
of its conjugate base, acetate ion (CH;COO™), is 5.6 x 107'°, The product of these two constants is indeed equal

to Ky,:

Ka x@ (1.8x107°) x (5.6 x 1079 = 1.0x 107 = k,,

This diagram shows the relative strengths of conjugate acid-base pairs, as indicated by their ionization
constants in aqueous solution.

T ol T Ll o o 38 LS B paleall Slandl 506 €13 gl il LSS g3l punl 1in i

Relative acid strength

H,CO, CH,COOH NH,'

K, 10 107 107 10°° 10°® 10710 1074 107
Relative conjugate base strength
Weaker - 3
i HCO, CH,C00 NH,

K 107 10712 10710 108 10°® 10* 1072 10
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Example: NP ko

The Product K3 x Kp = Kw
Use the Ky, for the nitrite ion, NO, ~, to calculate the K, for its conjugate acid.

~ '.;‘*
Solution i 12:\ -

Kb for NO, ~ is given in this section as 2.22 x 10 ''. The conjugate acid of NO, ~ is HNO2; Ka for
HNO:2 can be calculated using the relationship:

Ky xKy=10x10"" =K,

J»:'!‘G"b
LN
Solving for K, we get: sl
—14 ':2’0 M
Ko=Kw o 10X107° _ 45,104 >

Ky, ~ 222x 107!

Table 1 gives the ionization constants for several weak acids

lonization Constants of Some Weak Acids

HSO, ™ +H,0 = H;0% +50,%" 12 x 107 292
HF +H,0 = H;0% +F~ 7.2 x 107 3.14
HNO, + H,0 = H;0% +NO, "~ 45 x 107 3.34
HNCO +H,0 = H;0% +NCO~ 3.46 x 1074 3.46
HCO,H +H;0 = H307 + HCO, ™ 18 x 1074 3.74
CH;CO,H+H,0 = H;07+CH;C0,~ | 18 x 1075 4.74
HCIO + H,0 = H;07 +CIO™ 35 x 1078 7.45
HBrO + H,0 = H3;0% +BrO~ 2 x 1072 8.69

We notice that when the value of K, decreases the acid is weaker due to the small amount
of ionization and thus the pKa value is large.

S PRA T g 1 5 S S g ] ] GRS ) o i Lot ] b



Table 2 gives the ionization constants for several weak bases

lonization Constants of Some Weak Bases

lonization Reaction Kb at 25 °C pKy

(CH;,NH+H,0 = (CH3),NH,*+OH™ | 74 x 107
3.13

CH3;NH, + Hy0 = CH3;NH; ¥ +O0H™ | 44 197
3.35

(CH3);N+H>0 = (CHy);NH* + OH™ 7.4 % 1075
4.13

NH;+H,0 = NH,*+OH" 1.8 x 107
4.74

CgHsNH,; + HyO = CNsNH3 ¥ +OH™ | 46 o 19710
] 9.33

We notice that when the value of K, decreases the base is weaker due to the small amount
of ionization and thus the pKj, value is large.
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BUFFERS
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Buffers =

Buffers are the solutions which resist changes in pH when small -
amounts of acid or alkali is added to them. -

St SLaS Bl sie gungyuedl abll b sl aglis Gl Jlladl oa T3l 5Ll

- A butfer is a pair of weak acid and its salt.

dalsy caumall (aaall e Foy s doldl -

- Buffers are of main importance in regulating the pH of the body

fluids and tissues. ey o e s i s et -

- Many biochemical reactions including those catalyzed by enzymes

require pH control which is provided by buffers.

Gl Lagandl 4oy o8 UGl Sla Y Laydas (Al el elld o8 Loy dlliasSouid | cdle & cpo wnall -
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® Mammalian tissues in the resting state have a pH of ~~ab9%t~ 74
S bagen s el @ il il @

® |n order to maintain the required pH in an invitro
biochemical experiment a buffer is always used

iy e onnll (o Tsan Likia Lyl (o8 Gllall (glungyungll a8l (ole Llaall JLT oo @

® The pH of a buffer is given by Handerson-Hasselbalch

equatlon: relllliola-(yseayaila Aalas dasalsy c83l) (o3l guangyngdl a8l wast 2l @

pH= pKa + log [A-]
[HA]
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Buffers
. \; o Ka donll Kl el 58
7% pKa=-log Ka- e

® Ka is the dissociation constant of the acid
8
)j)
J - . .
g % [A-]is the concentration of the base

s/

® [HA] is the concentration of the acid
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((CH3COONat) 4alss (CH3COOH) ciwall jaaall fpo bl (pe (sS aliie Jslas -
Bacldll 5 Laeall Bla) wie WA olyiill (2,2t

i) Gaes ge oW1 Jeliill Ldudns st (Jolall ) (OH) Baclll awsi 15)
CH3COOH + OH-> CH3COO- + H20

oS U gl w811 et ol 1

Buffers

- A bﬁffmmmmdm.ak :
“a acid{CH3COOH) and its salt (CH3COONa+),and

Wlll/gndergo the following changes on the addition of acid or

base:

* It the base is added (OH) to the solution it will be buttered
by the following reaction with acetic acid:

CH3COOH + OH—> CH3COO- + H20
So the pH will not change significantly
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(-CH3CO0) ! alaaiiuls 8,10 sin AT Jelity €0das atuud (+H) paeall Gla) &3 15) @
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Buffers

* Itacid (H+) is added, it will be buftered by another reaction,
this time using the salt (CH3COO-):

CH3COO- + H+ = CH3COOH
The pH will not alter significantly because the CH3COOH
formed is a weak acid

* Addition of more base increases A- and decreases (HA) and
this doesn’t alter the pH much until [A-]>>>>[HA]
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Buffers

® The buffering power is greatest when pH=pKa , i.e. when

the acid and the salt are at the same concentration
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diagram shows the buffer action of these reactions.

CH,COOH(ag) + H,0() =———= H,0'(aq) + CH,COO (aq)

H3O‘ added, equilibrium position shifts to the left OH™ added, equilibrium position shifts to the right
< >
CH,COOH(aq) <€— CH,CO0(aq) + H,0" OH™ + CH,COOQH(aq) —> H,0()) + CH,CO0 (ag)

Buffer solution Buffer solution Buffer solution
after addition after addition

of strong acid :g::j'rggﬁg'se of strong base

—— ———————— ————

Add H,0" Add OH~

CH,COOH
CH,CO0"
A
CH,COOH
CH,COO0™
Y
CH,COOH
CH,CO0™




_Key Equations

» Kw=[H30"J[OH ] = 1.0 x 107" (at 25 °C)

AL

« pH= —log[H;07]
« pOH = -log{OH "]
» [H30%]=10"PH

ok 5} @rdlalbrT) = 107POH
Aot A G (GH + pOH = pKiy = 14.00 at 25 °C
o

H30+ A
OAJCQN A Ka= [ [H‘AI[] ]

FoT AU SV, = [HBJ[OH]

[B]
AV om Gl =2 i EV,
= Ky X Kp=10 x 10 " =Ky

(2T Rhrcent oniztion = H130 7)o
C/’/H‘J\t/pcv\l rcent ionization = [HAT, x 100
. - -»1 pKa=—log K.

FN'A\@\"L\ t’~”"’u3 &
P\,\ N >+ pKb=-logKs

[A7]
[HA]

= pH=pK,+log
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DEFINITION OF SALT OF WEAK ACID AND STRONG BASE*“" =

What is salt of weak acid and-strong base

Such salts give alkaline-solutions-in water. Some of such salts are : CH3 COONa,
Nax CO3, Ky CO3 , KCMetc . For our-discussion, we consider CH; COONa (sodium
acetate) in water. When CH3z COONa is put in water, it completely ionises to give
CH3 COO (acetate) ions and Na" ions.

Now acetate ions (CH3 COO™ ) absorb some H' ions from weakly dissociated H>O
molecules to form undissociated CH3 COOH. Na' remains in ionic state in water.

Now for Ky (ionic product) of water to remain constant, H>O further ionizes to produce
more H" and OH ions. H" ions are taken up by CH3z COO" ions leaving OH" ions in
excess and hence an alkaline solution.

Let BA represents such a salt. As it is put in water;

BA (aq) + H,0 (aq) == BOH (aq) + HA(aq)

BA dissociates into ions and BOH being strong base also ionises.

B* + A" + H:O == B"(aq) + OH (aq) + HA(aq)

So, the net reactionis :

A" (aq) + H,O == OH" (aq) + HA (aq) [Anionic Hydrolysis]
The above equation is known as equation of hydrolysis and equilibrium constant for such
reactions is called as Hydrolysis Constant (Kp).

k. - [OHJ[HA]

(A7]

—

Degree of Hydrolysis

It is defined as the fraction of total salt that has undergone hydrolysis on attainment of
equilibrium. It is denoted by h.

Let c be the concentration of salt and h be its degree of hydrolysis.
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’ V :[OH‘][HA] ch)(ch) =ch

20ATh o

\Ns A+ HO = OH + HA

L

(A7) c-ch 1-h
= K= ch? [a\\‘umil\g/lr <<]]
e
Now considering, dissociatj
HA = H' +A"¢ )

H,0 == H' + OH" ; K =[H]fOH}— (i)

_

B = AR _

Ke
= K= K—“ (Subtracting {i} frem{ii), we get-equation of hydrolysis)

a

Note : — —

= Weakeris the acid, greater is the-hydrolysis constant.

= Degree of hydrolysis increases when “c) decreases i.e. with dilution.
- a ©) =5 _ pka 2 v

Now substituting the vg&x;@’ﬁ@gm expression of h,

o _ . o1 -3
K. S @n.Mxk\//.o.lXoD:uxlo ol s U ol
= h= 22 - u [ = 4ol “uo
Kue ek o

pH of solution
pH of a basic solution is given as :

pH =14 +log [OH] and [OH]=ch= ,/th
Substituting for Ky, we get:

K¢ K
[OH"] =JK—‘; = pH=14+log, ch

a

1
= pH=Z(pK, +pK,+ log,gc) or pH(at 25°c)=7+§(pK, *108.0¢)

Example of Salt of Weak acid and Strong Base

Example 1.

A Solution of weak acid HA was titrated with base NaOH. The equivalent point was
reached when 40 mL of 0.1M NaOH has been added. Now 20 mL of 0.1M HCI were
added to titrated Solution. The pH was found to be 5. What will be the pH of the
Solution obtained by mixing 20 mL of 0.2M NaOH and 20 mL 0.2M HA?

A7 B. 4 C.9 D.5

Ans. C
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Example 2. i

A Solution of weak acidé& was titrated with base NaOH. The equivalent point was
reached when 40 mL of 0.1M NaOH has been added. Now 20 mL of 0.1M HCI were
added to titrated Solution. The pH was found to be 5. What will be the pH of the
Solution obtaingd-by’ nfixirg-20mi-ef;0.2M NaOH and 20 mL 0.2M HA?

—_—

A7 B. 4 C.9 S D.
f;b/‘pH-‘ ?@%(Fk" X 103(3
gi% =70 C PR+ \og¢)
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Ans. C
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FORMULA FOR SALTS OF STRONG ACIDS AND WEAK BASES
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Such salts gi#’e” acidic solutions in water. Some of such salts are: NH4Cl, ZnCl»,
FeCl; etc. For the purpose of discussion, we will consider hydrolysis of NH4CL.

When NHy Cl is put in water, it completely ionizes in water to give NH4" and CI ions.
NH4" ions combine with OH ions furnished by weakly dissociated water to form
NH4OH (weak base). Now for keeping Ky constant, water further ionizes to give
H" and OH ions, where OH" ions are consumed by NH4" ions leaving behind H" ions
in solution to give an acidic solution.

Let BA be one of such salts. When it is put into water, the reaction is as follows.

B+ A" + H,0O — BOH + H' (ag) + A" (aq) [HA is strong acid]
The net reaction of hydrolysis is :
B* + H,O == BOH(aq) + H'(aq) [Cationic Hydrolysis]
¢—ch ch ch
(BOH)[H'] (ch)(ch) ch® > K
= = :Ch h = _h
o B']  c-ch |-p? (h<<D) = Ve

Considering ionisation of weak base BOH and H:O.

K, = IB"J[[OH"]
[BOH]

H,0 == H' +OH" ; K, =[H'][OH]

From expressions for Ky, Ko and Kw , we have : (As done in previous case)
K K

K.=—~ = h= f—*
K Kc

pH of solution :

BOH —= B" +OH"



Now, pH = —log [ H*] NEOIARYS
K

R | - P - RN
and [u]—ch-c,/T JKpe = [H] = Ky R

Kyc¢
= pH=-log,, _Kb

1
= pH=Z(pK —pKp —logjo¢)

or pH(at 25°C) =7—§(pl<° +log,;¢)

Example For Salts of Strong Acids and Weak Bases

Example 1 manbaieadedd

-

The basic ionisation constant for hydrazine, NoHa is 9.6x 10", What would be the
percent hydrolysis of 0.1 M N>HsCI?

BA > B\_—) A
A.0.016 B.3.2 Ha 048 €A1.65 Bo HH. 0.032
Ans. D
Example 2

The pH of a 0.02 M aqueous solution of NH4Cl is equal to
A.3.78 B.4.73 C.5.48 D. 7.00

Ans. A

FORMULA FOR SALTS OF WEAK ACIDS AND WEAK BASES

Let us consider ammonium acetate (CH3COONH4) for our discussion. Both
NH4" ions and CH3COO" ions react respectively with OH™ and H' ions furnished by
water to form NH4OH (weak base) and CH3COOH (acetic acid).

Let BA represents such a salt.



B' +=A~+H,0 — +
(weak basc) (uukacld]
Initially c ¢ 0
At equilibrium c~ch c-ch ch ch
_[BOH][HA] _ (ch) (ch) .
= " BAT) (e-ch)’ -
~
hZ
= Kh:(l-h)z - Taking square root on both sides to get :
=l+“\/_ (Here, 1-h #; Think why?)

Hence the degree of hydrolysis of such salts isindependent of concentration gfval?%mnon
L«
Now considering the dissociation of both weak base and acid. oF . / PV

— - : .[H_]_M C»t/p ,P\A‘O
HA = H' + A ; K = [HA] 4”

pH

H,O — H' + OH" : K, =[H"][OH]

Combining K, ,K, ,K andK_, we have

K = i Kp . s
h K, Kp and ™ A [Ca Anionic Hydrolysis]
(Observethat |—h21)
pH of Solution :
. _ [H')AT) ok [HA]

Consider, K, = (HA] = [H'] = Da (A°)

Since, base and acids are weaker, hence,
[BOH ] =[HA] = [B]=[A7]

>

_ [BOH]J[HA] [HAJ"
(B*)A7)  [ATY

Kw K

pH =~ log [H'] =~ log \| "~

= [H]=KaKn =

Ky

1
= pH=2(pKy +pK, ~pKp) or at25°C-P“=7+§(PK-‘pK°)
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SOLUBILITY AND SOLUBILITY PRODUCT

In this section we are going to consider the solubility of ionic solids in water.

* “Solubility” may be considered to be an equilibrium; the equilibrium is between solid
and ions in solution.

. ——
* Any ionic solid is 100%,ionized in agueous solution; once it actually dissolves.

* The term solubility always refers to the amount of solid (either in moles or grams)
that actually does dlSSWlu% plﬂlcmg ions; this amount can be calculated
for a particular solid. -

.q . ~ . . . . . .
* The term solubility miay also be used in a qualitative sense; there is no “magic point”
above which a salt can He=deseribed=as=*‘solubleand below which a salt can be
described as “insoluble”

Very roughly........ S —
I L

“Soluble” - at least 0.1 mol L~ dissolves
“Slightly Soluble” - maybe 0.001 to 0.1 mol L~
“Insoluble” - less than 0.001 mol L—!

Example 1

AgCl(s) == Ag" +Cl [insoluble == soluble(ions))

The equilibrium constant for this reaction is known as solubility product (K ) and is written
as:

Ksp=[Ag][C]

K:pis expressed in concentration units. The reaction coefficient, Q in such system is known

as ionic product (1.P)
i) Solubilities of AgCl (salt of a strong acid and strong base) in water:

AgCl would dissolve in water as,

AgCl (s) — Ag™ (aq) + CI (aq)

At saturation point,

Hatl (s) == Agi(ag) + CI” (aq)

If the solubility of the salt is x moles / /

[Ag] = M, [CH] = M = 2 =Kep x= JK,
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Example 2.

E—/? noligl
E@! ,ool.'dy/v § ~ —5 ds -

fop = 10620187
< fas) - [eN)

:Lig3
e

g= 0.00 / L
———’357 ol
D- 100 L J>°

Riiit: o otk

-1

. L -4 3
Jg= 0-017 L= 208X 1D rnolL.‘
7$~IOM01

Scbodideede !

f(s = 453 g
P= 41(9-'6m'4)J

4.13 x ip ="

—

Example 3
If solid PbCl, equilibrates with pure water, what are [Pb**] and [CI ] in the solution

at equilibrium? [Ksp(PbCly) = 1.7 x 10—]
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Solubility and the Common Ion Effect
* The “Common lon Effect” is an illustration of Le Chatelier’s Principle.
* Consider the equilibrium: et st

AgCl(s) Ag'(aq) +Cl (aq) L s '\su Uw

» What happens to the position-of-equikibrium if we add some e}ﬁﬁ*’c\:ﬁlond N \VS
ion, CI" (or silver ion; —_ )

“L\‘
»°

« What does thi$'aean, qualitatively, for theblubility of AgCl if there is
already Ag* oDE1in the solution2s”

> oﬁm.iooﬁ
. A
Less AgCl dissolves oo ey

Yy S

Equilibrium shifts to the le
olwg?®

Solubility decreases in the prgsenee of a #fcommon ion#
S
Example
Solid AgClI (Ksp = 1.8 x 10~'°) is equilibrated with 0.010 M NaCl solution.
a) What is the solubility of AgCl in the NaCl solution?

Nett —> Na® + @ [T <o.00H

Na
Lu."”@ -

EQ. olid =3 5 + 0.010

S+ 0.010Z 00

/{spz L +J L&-J
8% 10" - (s)(%4 0 010)

8

Se I-3XID mol L~

Solubility of AgCl in pure water = 1.3 x 10> M.

In the NaCl solution: only 0.13 % of the solubility in water alone!
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Saturated and Unsaturated Solutions
* The term “saturated” implies that there is equilibrium between solid and solution.

» If the quantity of a substance in solution is less than that required for equilibrium with
the solid, the solution is said to be “unsaturated”. This is a common, stable, situation
but it is not an equilibrium (so Ksp doesn’t apply).

* If more solid as added to an unsaturated solution, it dissolves until the solution is
saturated (at which point there is solid in equilibrium with the solvated ions).

* Consider the compound A»B; first we dissolve some in water to produce a saturated
solution.

A=

A,B (s) w2y gt B
§°’

N
We could write an exm“essiO'n“for Q, the Reaction Quotient:

o -y

—— —

¢ For a saturated solution, Q =Ksp .
no more solid dissolve

« Now suppose that we mix two solutions containing the ions A" (aq) and B> (aq). The
sparingly soluble compound A;B may be formed.

aR"tag) + Bug) —> A B6); ABLs) = 2B “t’*i“i‘

 Write an expression for Q; we call this the ion product:
a X
@~ [B%]

e (O <Ksp. The solution is unsaturated, and more of the ionic solid, if available,
will dissolve.

e Q=K. The solution is saturated and at equilibrium.
e Q0> K. The solution is supersaturated, and ionic solid will precipitate.

Example

An experiment is performed in which 100 mL of 0.300 M Ca(NOs3); are mixed with
200 mL of 0.20 M NaF.

Ksp for CaF>=3.2x 10!

1) Will precipitation occur?
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Cafy 2= 0™ +aF- Kep = Iop #I[B4]*

miﬂ = o.aoor’Qx 0-100L
2-3L
= 0-\0M
) = 0.20m X 0-a-
T 0-3L
= 0.\33 ™M

Q= l@aiﬂl‘:‘]l = (0. ‘0)(0-\33)& = l.76)t|63
Q 7K$P -a Pucip:’*a-k loil! lnh\.

C



Oxidation-Reduction




Oxidation Numbers

- Oxidation is the loss of electrons; Reduction is the gain o

electrons =

+ Oxidation and reduction go together. Whenever a
substance loses electrons and another substance gains
electrons

» Oxidation Numbers are a system that we can use to keep
track of electron transfers
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Rules for Assigning Oxidation
Numbers

* Free elements are 0

* lons have the charge indicated
* Metals : Group 1 =+1; Group 2= +2
* Halogens in binary compounds are usually -1.

* Hydrogen is +1 unless in binary compound with
metal, then it is -1

* Oxygen is -2 unless in peroxide when it is -1 or
with fluorine when it is +2

-

N



Practice Assigning
Oxidation Numbers

NO; N=24,0=2 BP0
N,O, N=+50=-2

HCIO, H=+1, Cl=+5, 0 = -2

HNO, H=+1, N = +5, 0 = -2
Ca(NO,), Ca=+2, N =+5, O= -2

KMnO, K=+1, Mn=+7, O= -2




Practice Assigning
Oxidation Numbers

CacCl, Ca=+2, Cl = -1
K,Cr,0, K=+1, Cr=+6, 0=-2
KH K=+1, H= -1
NaHCO, Na= +1, H= +1, C=+4, O= -2
H,O H=+1, O= -2
MgO Mg =+2, 0 = -2




Exercise

For each of the following reactions find the element
oxidized and the element reduced

Cl, + KBr > KCI + Br,
Mg + HNO, > Mg(NO,), + NO, +H,O

HNO,+ I, > HIO, + NO,




Exercise

For each of the following reactions find the element
oxidized and the element reduced

Cl, +  KBr > KCI + Br,

Br increases from -1 to 0 -- oxidized

K remains unchanged at +1




Exercise

For each of the following reactions find the element oxidiz
and the element reduced

Mg + HNO, > Mg(NO,), + NO, +H,O

*Mg increases from 0 to +2. It is oxidized




Exercise

For each of the following reactions find the element
oxidized and the element reduced

HNO,+ I, > HIO, + NO,

. N is reduced from +5 to +4. It is reduced

- The hydrogen and oxygen remain unchanged.




