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Chapter 5 : aqueous solution and acid —base equilibria ¢} sl 32l 5 (alea¥! 5 ALl Jillaa
Ammonia (NH3) is manufacture from the reversible reaction between hydrogen and nitrogen
N, +3H,0 & 2NH;

Reversible reaction : 4Sall C3le )

They are the chemical reaction where the reactant form product that in turn react together to give the
reactants back . these eversible reaction are indicated by double — headed arrow (forward- backward
directions )

e Y Aall e il o) (51 el Jan gl sill Cumy (uSally s gl sl S5 Sleliiall ) s AilesS Cleli
T (oSl — Al lelill)  ppagan Jiai paladly (o) a5 olaily

aAd+bB = cC+dD

Chemical equilibrium : Sbesll o)) 3Y)

Itis the point at which the rate of forward and back ward are equal
e Sall Jeliill de yu (5 b oale¥) Jeliill de oo Lgsd () 585 Al Akl o

At equilibrium :

rate of forward = rate of back ward

dynamic equilibrium :

for a reversible reaction under equilibrium at first the concentration of reactance decreasing till reach
the equilibrium then the revers reaction will start to increase till reach the stat of dynamic equilibrium
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Under chemical or dynamic equilibrium the equilibrium( forward- backward ) rates are equal but often
the concentrations of reactants and products are not

S ulle o8y Al delal) de pu Jaza (5 b (oY) Jel@l) de ju Jame SlaSl o 53V Al 8 Jeldll o S Laie
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k¢ = k. DOES NOT mean that the concentrations of reactants and products are equal in value.

H->(g) + I-(g) 2 HI(g)




[1.] )

As concentration of product increases, and concentrations of reactants decrease, rate of forward
reaction slows down and rate of reverse reaction speeds up

Dynamic equilibrium:

Rate of forward reaction = rate of reverse reaction. Concentrations of reactant(s) and product(s) no
longer change

Represent equilibrium:

In equilibrium the molar concentration are shown in brackets . e.g. [H,] for hydrogen gas and [CaCl,]
in aqueous solution.

Consider :

Ho(Cz>» + ICg) 2 HICe)

[H,] and [I,] decrease with time and [HI] increases till an equilibrium is reached at :
Rate of forward reaction = rate of reverse reaction

(Kr) = (K;)

Dynamic equilibrium:

Can be expressed numerically by The Equilibrium Constant Keq

aA + bB —/—— ¢cC + dD

where A and B are reactants, C and D are products, and a, b, ¢, and d are the respective stoichiometric
coefficients in the chemical equation

The equilibrium constant &% <l for the reaction is defined as the ratio “wsill—at equilibrium—of
the concentrations Sl of the products & sl raised to their stoichiometric coefficients divided

4. suiaby the concentrations S5 of the reactants ©3leléiall raised to their 4c s« stoichiometric
coefficients L8l Gl
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Write an equilibrium expression for the reaction

42 NOS(g) +HHO2()

2 NOs5(L)

- Implied 1

K _ [NOS1* [O2]
= [N>Os]1=

D

Example: Express the equilibrium constant for the following chemical equation:

[cO][H,]’
CH;0H(g) == CO(g) + 2 Hy(g) * ™ [cnion]

CHy(g +30,g = 3C0,g+4H,0(g

_ [c0,]3[H,0]*
" [czHz 1 [02]5

Significance of equilibrium constant (K)

Keqk 1 K> 1 Keq= 1

Forward reaction doesn’t Forward reaction proceed to Neither direction is favored
proceed (more reactants) completion (more producrs) Equilibrium position isn’t favor
Equilibrium position favors | Equilibrium position favors any direction

reactants ( to left) products ( to right) K=1 Qu se 4 o Ju1igd
K<l dsal alans of e Juid O Gl K > 1 alina o o J0 | (s sbesa A3l 3 gal) S 5 0985 ¢ Y
Ul ie =il 5 ) Jgati Y Aleliial) sie il g5 ) s Alelitall 3 gal) Lo L) 3 gal) 38 3

Ol 3y OV

If the value of Keq >> 1, there will be many more product molecules present than reactant molecules.

The position of equilibrium favors products.

When the value of Keq << 1, there will be many more reactant molecules present than product

molecules.



The position of equilibrium favors reactants

Relationships between the Equilibrium Constant and the Chemical Equation:

If you reverse the equation, invert the equilibrium constant:

. _[eP
A+2B=3C Koo = AI[BT
(A][B]? 1
3C==A+2B K = F Ko
- orwar
|

If you multiply the coefficients in the equation by a factor, raise the equilibrium constant to the same

factor:

O L ([.W Y-

If you add two or more individual chemical equations to obtain an overall equation, multiply the
corresponding equilibrium constants by each other to obtain the overall equilibrium constant

A —— 2B

2B —— 3 C

A —— 3C

Ki= [B]* /[A]

Kz =[C]® /[B]?

Koverall =K1 XKy =[C]3/[A]

the Equilibrium Constant and Pressure:

For gaseous reactions, the partial pressure of a particular gas is proportional to its concentration.
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The values of concentration or partial pressure that we substitute into the equilibrium constant
expression (Kp or Kc) are ratios of the concentration or pressure to a reference concentration (exactlyl
M) or a reference pressure (exactly 1 atm).

Example:

Calculate Kc for the following reaction :

H->(g2) + I-(g) 2 HI(g)

[H,] =0.22M, [I,] = 0.22 M ,, [HI] =1.56 M

[H[1? _ 1562
[H;1[I;] ~ 0.22%0.22

Kc = =50.28 Kc > 1 forward is favored

Many chemical reactions involve pure solids or pure liquids as reactants or products.

2 CO(g) _— CO2(g) + C(s)

In equilibrium the concentration of solid isn’t change (also pure liquid ) so equilibrium constant doesn’t
imply the concentration of pure solid or liquid

_[coJic] [C
= . rect 4
. (incorrect) I&C

.Jle 0, ]
[cO] [ ]3

(correct)

CO,(g) + H,0(€) == H" (ag) + HCO;3 (aq)
2-

[H* ] [HCO5 ]
[CcO,]

K, =

3- CaC03(S) B — CaOs +C02(g) KC = [COZ]

4- 2NOCl, == 2NO, + Cly,
[NOCI] =1.34M , [NO] =0.66 M, [Cly) | =0.33

[NOI? [Clygy] _0.66% (0.33)

K. = =
¢ [Nocl]? 1.342

0.08




Backward direction left

2 CO(g) == COy(g) + C(s)

(incorrect)

C

[co,][C]
[co]?
The concentration of a solid does not change ,because a solid does NOT expand to fill its

container. A solid’s concentration ,there for e, depends only on its density ,which is constant.
The correct equilibrium expression is:

2
K. = —— (correct)

Similarly ,the concentration of a pure liquid does not change .So ,pure liquids are also excluded
from the equilibrium expression.

Example:

What is the equilibrium expression A_ for the following reaction?

CO,(g) + H,O(¢) == H" (ag) + HCOs; (aq)

Answer:
Since H,O is pure liquid, it is omitted from the equilibrium

expression:

[H* | [HCO;5 |
[CO, ]

K. =

Example:

VWhat is the equilibrium expression A for the following reaction?

CaCO;(s) =——— CaO(s) + COs(=)

Answer:
Since CaCO4(s) and CaO(s) are both solids, you omit them from the
equilibrium expression:

K. = [CO>T|



Write the correct expression for the equilibrium constant A, for

each chemical equation:

1) C(s) + 2 Hy(g) == CHy(g)
2) Ny(g) + 0O,(g) + Bry(g) == 2 NOBIr(g).

9 2ZNOE) = Nalg) + O:(g)

4) CO5* (aq) + H,O()) == HCO; (ag) + OH (aq)
5) 2 KClOs(s) == 2 KCI(s) + 3 0(g)

6) HF(ag) + H,O(/) == H;0" (aq) + F (aq)

7)  NH;(ag) + H,O()) == NH;"(ag) + OH (agq)

8) CO(g) + Cl(g) == COCly(g)

Lechatliers principle : 4:lili ) fase

When a chemical system at equilibrium is disturbed (changed) the system shifted in a direction that
minimizes that disturbance so the system tends to maintain the equilibrium state

S3all 138 Jad (ha 4gd 16y o3 sLai¥) B sy SO 0B 0 ) Adla B Jo i ol Jiga T 13

In other words ,a system at equilibrium tends to maintain equilibrium , it bounces back
when disturbed: “Restoring Balance” ( ¢/ salaiul) ol Ao Blall Jaay ¢ el alall) 5 A) 5l

Factors that disturb the system at equilibrium : ¢ alas e 3 )i5all Jal gl

1- Change the concentration of reactance or product 4ailill 5 dleléial o gall 3.8 55 A& il
2- Change the volume (or pressure Jhasall 5 axall 4yl
3- Changing the temperature 5)) jall 4s )3 & il

Equilibriumn

invalves

Le Chateliar's
Principle
offsets changes in
Concentration [F’ressure] [Temperature]




Equilibrium and concentration change : S a8l (& sl 5 o) 6l

s L 38 55 505 ) sl () )y s Uil (8 Ao laiall o sl 38 55 8305 585 s S5 O Fhe alas Ll )5Sy Ledie Y
el 3l pall 38 i

Changing the concentration of reactant or product will disturb the Equilibrium state .
Reaction quotient :

The reaction quotient (Q) measures the relative amounts of products and reactants present
during a reaction at a particular point in time

* The main difference between K and Q is that K describes a reaction that is at equilibrium,
where describes a reaction that is not at equilibrium

ad + b8 = cC +dD

Products

crd _Icr oy
.= [G| [D| Keq - [A]a [B]b
[A]e[B]® X___~ Reactants
—
N204(g) z 2 NO;(9)
[ AddNoO,

N,04(g) == 2NO,(g)
G

Reaction shifts left.

The reaction shifts to the left because the value of Q changes as follows:
e Before addition of NO,: Q = K.
 Immediately after addition of NO,: Q@ = K.

e Reaction shifts to left to reestablish equilibrium.
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[ Add NZO4_ ]

N2 O (g)

Cae——

[ Reaction shifts right. ]

s Jomy o) Aleliial) o gl 58 55 Jiy s Aadill ol sl 3555 3 58 el dean I el ) 3 Ale il ol pall 323 Al 3
S 5
JIH

The reaction shifts to the right because the value of Q changes as follows:

« Before addition of N-O4: Q = K.
* Immediately after addition of N,Oy4: Q < K.
* Reaction shifts to right to reestablish equilibrium.

Important Nete: adding or removing solid (s) or pure liquid (/) substances does

not affect the equilibrium position — Because their concentrations are not changed.

) o AL, gl Aitia Sala A1 31 gl ABLa) dic
Example: CaCO;(s) = CaO(s) + CO(g) aus an 315 &¥ S5 o i
In this reaction. increasing or decreasing CaCO; or (CaO) will not cause any
change to the equilibrinm. &3 s S of Ll 5l elisall ol gal) sal 2ie Jolisll s 3

Practice: In the following reaction. what would be the effect of adding more H,O?

4 HCl(aq) + O,(g) —— 2H,O(I) + 2Cly(g)

2-The Effect of a Volume (or Pressure) Change on Equilibrium ¢l sdaill e bidall o) anall il

(AW ) ) e sl aae dga I 10 Jeliil) g aas) Jiy 5l Jaraall oaly ) die
DY) Y sl 2ae Epali Jelitl) 4ty anall odly ) ) Jaaall Ji5 aie

An increase in pressure or a decrease in volume will cause the system to shift to the side with the
FEWEST gas moles
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A decrease in pressure or a increase in volume will cause the system to shift to the side with the MOST
gas moles

v Notice that, changing pressure or volume does NOT affect the
equilibrium in reactions with no gases included (either in reactants,
products, or in both) — because only gases are compressible.

bicall B &g o1 ga SR oY L AJlE Bale dgag ade Alla B 01 e i of anad) gl kdal) 8l

Le Chatelier’'s Principle: Changing Pressure

Decrease J

pressure

Increase
pressure

N>(g) + 3 Hx(g) 2 NHs(®) 2 NH3()
o <> <>
< <>
|—'—w| o o
4 mol of gas 2 mol of gas 4 mol of gas 2 mol of gas

Reaction shifts right Reaction shifts left
(toward side with fewer (toward side with more
moles of gas particles). moles of gas particles).
(a) (b)
Example :
2HBr HZ(g) + BTZ(g)

For the reaction with equal number of gaseous mole on both sides changing the pressure will not cause
shifting of the reaction in any direction 3l sell &Y sall sae (5 by Ao léiall o) pall DY gall 2ac aai Jelal) 13a 4 s
Oieall (e 6 (8 4al ) Ganesy o Jasall 8 padl) a Al

Equilibrium and temperature change : 3.1 all 43 ja (& il g ¢ 3) 6

an ) b Laril) (B O V)l R1g S ) (8 il (s iy sl (8 () i ala e o) s anpn il die ale JSA
G Jelal) =13 Aleliiad) ol sl e 5l sall 43 ol die o) (5) cald iy daaally 51 8 i) G il s )l
g Sally il il dga

Type of thermal reaction :

1- Exothermic AH =-Ve 3,)allsa s
A+ B - c+D + heat (product)
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Thus adding heat (product) will shift the reaction to left smaller K
e.g.

Add heat

2 NHi:(g) + heat

Nz(g) + 3 Ha(g)
dp——

Reaction shifts left.
Smaller K

u\)ﬁ\]\t_ul_l} )AS\QJ}AY\LASMJG\)J\‘\:\;L\&M\C\)ﬂ&_i}u:aJ\);.“AAJJ‘;uan\EJ\J;.“:d\)‘J.\:;
S

Remowve heat

No(g) + 3 Ha(g) = = ZINHA (o) + heat

>

Reaction shifts right.
Larger K

2- Endothermic AH =+ Ve &)l allial
A+B + reactant - C+D
Thus adding heat (as reactant ) will shift the reaction to right (large K)
R 205 Ml sl ) Jelail )35 50 pal) as 5280l e
K
Ny(gy + Oz(g) + heat > 2NO

O s Al Jo 5 SOlediall dga Jelaill ) 3 o g )l jall an (& (i 5) 5 ) jall all ) e

K the Equilibrium constant
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Answer the following questions:

1. Consider the reaction at equilibrium: 2 KCIO4(s) == 2 KCl(s) + 3 Os(g)
Predict whether the reaction will shift left, shift right, or remain unchanged upon each disturbance.

a. O is removed b. KClis added c. KClOy is added d. O, is added

2. This reaction is endothermic.  C(s) + COy(g) == 2 CO(g)
Predict the effect (shift right, shift left, or no effect) of increasing and decreasing the reaction temperature.

3. Each reaction is allowed to come to equilibrium and then the volume is changed as indicated.
Predict the effect

a. l(g) == 2 l(g) (volume is increased)
b. 2 H,S(g) == 2 Hy(g) + Si(g) (volume is decreased)
c. li(g) + Cly(g) == 2 IClig) (volume is decreased)

4. Consider the reaction at equilibrium:
N,(g) + 3Hy(g) —— 2 NH;j(g) + heat
Predict whether the reaction will shift left, shift right, or remain unchanged upon each disturbance.

a. ﬂ.dd1ﬂg N1
d. increasing pressure

b. decreasing H, ¢ increasing volume

¢. cooling down f. heating up

Nature of acids and bases: (Al Jaladl) cdle L8

When an acid reacts with base the reaction is called neutralization
Jaladll e 32l & Uaeall Jelad yie
Acids uaeall Bases 32c1dl)

General properties General properties
1- Sour taste 1- Also known as alkalis

2- React with “active” metals 2- Taste bitter

e.g., Al, Zn, Fe, but not Cu, Ag, or Au — Alkaloids = plant product that is

3- Corrosive Jst
4- React with carbonates, producing
CO;
Marble, baking soda, chalk, limestone
CaCOs + 2 HCI — CaCl; + CO; + H;0
Blue litmus turns red.
React with bases to form ionic salts
Neutralization

alkaline
» often poisonous sk
* Solutions feel slippery to
touch. g} 4mals
Gelatinous texture
Red litmus turns blue.
3- React with acids to form ionic salts
— Neutralization
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Table 5.1: Some Commeon Acids

Name

Occurrence/Uses

Hydrochlorie acid (HCI)
Sulfuric acid (H,S50y)

Nitric acid (HNOj;)
Hydrofluoric acid (HF)
Phosphoric acid (H;PO,)
Acetic acid (CH;COOH)
Citric acid [C;H;O(COOH);]

Carbonic acid (H,COj;)

Metal cleaning: main component of stomach acid
Saaall Ghes

Fertilizer: dye and glue: automobile batteries
il

Fertilizer: dye and glue manufacturing

&l _all

Metal cleaning: glass frosting gdua glaj ¢ ootaal) i

Fertilizer manufacturing. biological buffers, preservatives
AZEla) 3 gall can gl gaadl ¢ il Bland) Auiial

Plastic &|rubber: active component of vinegar
kil uaied) thallaall g SLiost)

Present i citrus food such as lemon and limes
Gsallp G paalll Jia A8 Clpdaaadl 3 Ak

Found in carbonated beverage z,jan cilig sall 152 5a

Table 5.2 Some Common Bases

Name

Occurrence/Uses

Sodium hydroxide (NaOH)

Potassium hydroxide (KOH)

Sodium bicarbonate (NaHCO;)

Sodium carbonate (Na,CO3)

Ammonia (NH;)

Soap and plastic manufacturing

Cotton processing. soap production, batteries
Antacid. ingredient of baking soda
Manufacturing of glass and soap, water softener

Detergent, fertilizer & fiber production




14

three different definitions of acids and bases:

32158l 5 (alaadl Ciy jlasi 3 22 g

1-Arrhenius Definitions of Acids and Bases

2- The Brgnsted-Lowry definition
3- The Lewis definition

Arrhenius Definitions of Acids and Bases

Acids substance that produce H*ions in aqueous solution
e Jslaae (B assipngdl 0088 g (g8 gl iy @A

HCl(aq) = H*(aq) + Cl(aq)

CH3CO,H(aq) - H*(aq) + CH3CO> (aq)

O ungd) Qs hard slall (B dlsdy o) o) JAd) aas

In aqueous solutions ,H+ ion attaches it self to H20 to form H30+ or “hydroniumion”

HCl(aqg) + H,O(l) —> H3;0"(aq) + CI (aq)

H,SO4(aq) + H,O(/) — HSO, (agq) + H3;0"(aq)

H T
H" + :0H — |H:0:H
What is a base?

substance that produce OH- ions in aqueous solution
e Jstaa (b e g jaugd) () D AN (sl ) BaslE

NaOH(ag) - Na*(aq) + OH (aq)
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H'(ag) + OH (aq) — H,0(])

But Arrhenius definition doesn’t explain ammonia
Gusia ) palaa)

1. Jha gl o st A 3sal 2
HCOOH , HF , HNOs, HCI

22 Gesouedl Ol Slo s s ) e sall (53]
CHsNHs+  NHa+

sl ) a0 g

1- Ba(OH)2 s NaOH Jis OH- e s sia3 cils a 2
22 Omos Al B 3 e (g sing o) Jalaiall S )

NHs, N2H4, CsHsN

3- (couned O) G o @ siad Y AN Adlul) clisY)

F", HCOO , S~

Neutralization Reaction:
Jaladil) e s
Acide + base — ionic salt + water

9&3@.«@3.\9@@@&&&9

HCl(ag) + NaOH(aq) — H,0(]) + NaCl(aq)
2 HNOs(aq) + Ca(OH)y(ag) =2 HyO(/) + Ca(NOs)y(aq)

H,S04(aq) + 2 KOH(aq) — 2 H,O(/) + K,SO04(aq)

Monoprotic Acids 4y galeal) ;

Contain only one ioniZable proton H+ asls osisn e g 533 Al o
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For examples :HCl and HNO3 contain only one ionizable proton

Lo palaal o dLia)

Polyprotic Acids «ligigl samia yalaal;

Contain more than one ionizable proton H+ and release them sequentially
s e S e g gias Al o

For example H,SO, is a diprotic acid :contains two ionizable protons H+ its strong in
its first ionizable proton

H,SO04(aq) + H,0(/) — H30"(ag) + HSO, (aq)
But weak in its second H+:
HSO, (aq) + H,0(/) == H;0"(ag) + SO, (aq)

Phosphoric acid (H3P04) is a triprotic acid: contains three ionizable protons H+. 3 25
Clisis p 3 o (5 iad

TABLE 5.3 Some Common Acids and Bases

Name of Acid Formula Name of Base Formula
Hydrochloric acid HCI Sodium hydroxide NaOH
Hydrobromic acid HBr Lithium hydroxide LiOH

Hydroiodic acid HI Potassium hydroxide  KOH

Nitric acid HNO, Calcium hydroxide Ca(OH),

Sulfuric acid H,S0, Barium hydroxide Ba(OH),
Perchloric acid HCIO, Ammonia* NH; (weak base)
Acetic acid HC,H;0, (weak acid)

Hydrofluoric acid HF (weak acid)

daga cilaada
e Glsal) & ey ¥\ NWICH,

Gl G s (s oY) ALile 5 i 1) Jha dglle Al 1S Aol 93 aring Jai ) 13) (s gl 33 Y el
Gl Y A A Aday) 5 () 99 SU1 aa G g ) O8N sl il
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Bronsted — lowry definition of acids and bases : 83\ll g pasall (g 5! 5 Ll g iy 2l
Acids are proton (H") donor (2 - zila) s A) Balad (gign (i Al Balall A

HCl+ H, 0 - H30% +Cl”

Acid base

slall ga 1859 l) Gl () I plall ) geia g g sal) (o) Baadls

Base : are proton (H") acceptors 3 8aba (e g guall Jaliedd (A Balall &

NH; + H,O->NH," +OH"

Base acid

Bacld Liga¥ly aaa slall AL Liga¥) ) slall b (gig ) pia o1 Jaadl

Some substance like water can act as acid or base in some chemical reaction

Ay i) ANl ek Jy B gl (8 ks ) 550 -k g

90 —Yicad g o 9gda Cuun 30| g8 g 2 gaaS s Al ) gall (¥
H,0 ¢l Jie dlalaia LS ja -

OS5 st Al Gligl -

HCrO, , HCO; ,HS

MJJA\ Q)LC@&EJLQS}QNL'@S&M&%@?W _).42;1 :
P osls Tl s 1 a seia

HCO; (2 H,SO; (z H,S (< CO;*

Conjugate Acid-Base Pairs: 4i| jidl ¢ g3¥)
consists of two substances related to each other by the transfer of a proton
Qs Qi Gk o8 gl Lgudany ABlaial) o gall (e Gl (e (198

NH;(ag) + H,O() == NH,"(ag) + OH (aq)

Base Acid Conjugate Cnnjugate
| acid base

HN03+ Hzo(—> H30++N03 -
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Acid base conj acid conj base
(acid + conj base called pair conjugate)

(base conj acid called pair conjugate)

Review 2: Name the acid, base, conjugate acid and base for each reactio

CH,NH, + HLO =—= CH,NH;" + OH -

base acid conjugate acid conjugate base
H.PO, + HO — H,O* + H,PO,

acid base conjugate acid conjugate base
HC,H.O, + H,O =— H,0~* + C.H,0, "

acid base conjugate acid conjugate base
CH,NH,* <+ H,PO, — H,PO, + CH,NH,

acid base conjugate acid conjugate base

EXAMPLE 5.4 Identifying Brgnsted—Lowry Acids and Bases and Their Conjugates

Identify the Brgnsted—Lowry acid, the Bronsted—Lowry base, the conjugate acid, and the conjugate base in each reaction.
(a) H,S0,(aq) + H,O(l} —> HSO, (ag) + H;0'(ag)

(b) HCO; (ag) + H,O) == H,COyiag) + OH (ag)

SOLUTION

(a) Since H,50y donates a proton to H>O in this H,80,(ag) + H.O(/) — HSO, (ag) + H;0'(ag)
reaction, it is the acid (proton donor). After H,50,
donates the proton, it becomes HSO, ™, the . ~ R
conjugate base. Since H,O accepts a proton, itis | 1250:lag) + H00) —— HSO(ag) + HiO7(aq)
the base (proton acceptor). After HaO accepts the Acid Basc Conjugate Conjugate
proton it hecomes H,0", the conjugate acid. | base acid

(b) Since H>0 donates a proton to HCO+  in this HCOy {ag) + H,O{l) == H,C05(aq) + OH (ag)
reaction, it is the acid (proton donor). After H,0O
donates the proton, it becomes OH . the conjugate . L s fes
base. Since HCO;™ accepts a proton, it is the base HCOy (ag) + HO() == H,COs(aq) + OH(aq)
(proton acceptor). After HCO: ™ accepts the proton Base Acid Conjugate Conjugate

it becomes H,CQ,, the conjugate acid. | o d base
]
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Review 2: Name the acid, base, conjugate acid and base for each reactio

CH,NH, + H,O = CH,NH,* + OH -

base acid conjugate acid conjugate base
H.,PO, + H,O = H,O* + H,PO, -

acid base conjugate acid conjugate base
HC,H,O, + H.O — H,O~* + C,H,O, -

acid base conjugate acid conjugate base
CH,NH,* + H,PO," —— H.PO, + CH,NH,

acid base conjugate acid conjugate base

Acid Strength : alea¥) 56

A Strong acid :completely ionizes in the solution.

TABLE5.4 Strong Acids

Hydrochloric acid (HCI) Nitric acid (HNO;)
Hydrobromic acid (HBr) Perchloric acid (HCIO,4)
Hydriodic acid (HI) Sulfuric acid (H,S0,) (dipratic)

Single arrow indicates

/ complete ionization.

—— H30%(aq) + Cl(aq)

HCl(aq) + H,O(I)

A Weak acid :patrtially ionizes in the solution.

HF is an example of a weak

Equilibrium arrow indicates
/ partial ionization.

HF(ag) + H,O() ——= H30%(aq) + F(aq)
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HA(aq) + HyO(l) == H;0"(ag) + A (aq)
acid conjugate base
If the attraction between H+ and A-is weak, then the reaction favors the forward

direction and the acid is strong. k¥l ) 4ah Jeldll U8 Camia juaiall 5 o568l G @il S 1
G paea LW oS Ml

Single arrow indicates

/ complete ionization.
I

HCl(ag) + H,0() — H;0%(aq) + Cl(agq)

If the attraction between H+ and A-is strong ,then the reaction favors the reverse
direction and the acid is weak. ¢S5 sSall aady Jeldll d 5 8 juaiall g (555l (o @Il GIS 1)

Equilibrium arrow indicates
/ partial ionization.

HF(aq) + H,O() —— H;0%(aq) + F(aq)

»>In general :the stronger the acid the weaker the conjugate base and vice versa

TABLE 5.4 Some Weak Acids

Hydrofluoric acid (HF) Sulfurous acid (H,S05) (diprotic)
Acetic acid (HC,H30,) Carbonic acid (H,COs) (diprotic)
Formic acid (HCHO,) Phosphoric acid (H;P0,) (triprotic)

Notice that: Although Acetic acid (CH;COOH) contains 4 hydrogen
atoms in its formula, it's a monoprotic acid, because only one of the

four hydrogens is “ionizable
1- oo Gl gl Ao g siag 4l aa (sl gala) ey JAd) Gaaa g liu) (2eaCH3COLH
B g Cplill AL Lgdaany Laa dalad) Ay g dllaad) I G Y1 8,0 Jai ya (i 9 o) 33 Y el
Al dllad) 13 ¢y 92 S0 Ada jall (i g p3¢d) <143 CH3COLH
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PH — scale (i sougd) (¥

Is a compact way to specify the acidity of a solution .We define pH as:

Jslaall (8 4 gaad) da jo (ulie 5o

pH = —10g[H+] or pH = —log [H3O+]

pH=-log [H; 0O%] for acid

example : for solutionof [H; 0] =103 ™

PH=-log [H; O] =-log(1073 )=3

If[H; 0] =2M ...

.PH=-log[H; O0%] =-log(2 )=-0.

3 the acid very strong

1 10 10 10> 10 10 10° 10 10= 10 10 10 10 10 1014
L8] 1 2 3 <4 > 5] s a8 9 10 11 12 13 14
10 10 10 10- 10 10 10 10 10 10 10 10 10 10 1

=N

pH<7.0 |[Solutionisacidic |[H;0*]>[OH]
pH=7.0 |Solution is neutral |[H,0*] = [OH]
pH> 7.0 |Solution is basic [H;0%] < [OH]

K, =[H,07] x [OH] = 1.0 x 104
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Example:
In a sample of juice at 25 °C, [H*] = 4.6 x 10~ M. Find [OH]

~14
ror-- K _10x10

T 46x107 =2.17x10" M
4.0

Note that concentrated acid solutions can have negative pH:
For example ,if [H30+]=2M ,the pH is -log(2)=-0.3

POH =-log [0 H™ ] for base
PH and POH relationship
PH+POH= 14

Since :

[H30+] = [H+]
[H; 0"] x [0OH"] =104

For Acids, For Bases,

pH =-log [H;07] pOH =—-log [OH"]
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Example 5.5: Calculating pH from [H,;07] or [OH]:

Calculate the pH of a solution at 25°C and indicate whether the solution
15 acidic or basic, if;

(a) [H,0*] = 1.8 X 10~ M.

Solution:

pH = -log[H,0] = -log(1.8 x 10%) =-(-3.74) =3.74
Since pH < 7. the solution is acidic.

(b) [OH]=1.3x102M

Solution:
pOH= -log[OH] = -log(1.3 x 10?)=1.88
Using pH + pOH = 14, we get pH = 14 — pOH
Then (14.0)—(1.88)=12.12

Since pH > 7. the solution is basic.

EXAMPLE 5.6 Calculating [H;0" | from pH

Calculate the H;0" concentration for a solution with a pH of 4.80.

SOLUTION

To find the [H;0"] from pH. start with the equation that defines pH. pH = —log [H,0"]
Substitute the given value of pH and then solve for [H;0" |. Since the given 480 = —log [H,0" |
pH value is reported to two decimal places, the [H;D'] is written to two —4.80 = log [1-]30+]

significant figures. (Remember that 10°#* = x, Some calculators use an inv 10450 — (gles H0"]
log key to represent this function.) 480 _ +
1074% = [H,0"]

[H:0"] =16 x 107°M
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Calculate PH of solution with [0 H~ ] =1.3x 1072 ?
Forbase [0 H™ ] =-log [0 H™ ] =-log [1.3 1072 | =1.89
But

PH+POH=14

pH=14-POH=14 -1.89=12.11 sois base 7 (» xS

as[H *] increase PH decrease strong acid
as [H *] decrease PH increase weak acid

Base Solutions:

A Strong Base is one that completely dissociates in solution
d}u\‘;&.glswi:ag\guﬂm sac\all

+ —
NaOH(ag) — Na'(aq) + OH (aq)
NaOH , is a strong base:

v'/An NaOH solution contains no intact NaOH.it has all dissociated to form Na+(aq) and
OH-(aq)

TABLE 5.7 Strong Bases

Lithium hydroxide (LiOH) Strontium hydroxide [ Sr(OH), |
Sodium hydroxide (NaOH) Calcium hydroxide | Ca(OH), ]
Potassium hydroxide (KOH) Barium hydroxide [Ba(OH), ]

~ -
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Calculate the pH of 0.011 M Ca(OH),:
Ca(OH),s + H,O — Ca**(ag) + 2 OH (ag)

* [OH7]=2x[Ca(OH),]=2x0.011M=0.022 M
pOH =-log (0.022) = 1.66
pH =14.00-pOH =14.00-1.66=12.34
= Calculate [H*] in the solution?

[H*] = 107H = 10123 =4.6x 1013 M/

A Weak Base: adsall (alaal)

partially ionizes in water. Ammonia, for example, ionizes water as follows:
el L s 0ol L e S elall & Liga ol A o

NH;(aq) + HyO(/) == NH,"(aq) + OH (aq)

The double arrow above indicates that the ionization is not
complete.

Lo Gl 400 (ad Ll ageas¥) Baadls
The common element between most of weak bases is a Nitrogen atom with
lone pair ,the lone pair accept proton and make the substance a base

) 9h g ki 5 7o) 2 sl lldy G g B0 (e Ad gSa Admial) 20 gl () L) (1a
B8 ey g ¢ g5l ety

H
|

H_ff_H[.zq]— H—O—H() == H—N~H(aq) + :0—H(aq)

H H
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The reactions for ammonia and methylamine

H H H
H—{l;—:"i—u[.m- H—O—H() — n—cl:—:rl' H(aq) + :O—H(agq)
H H H H

There are three types of salts

depending on their constituent anions and cations
Acidic salts

Neutral salts

Basic salts

the conjugate base of a weak acid is itself a weak base:

Weak acid | Conjugate base (act as a weak base)
HF F-

HNO, NO,-

CH;COOH |CH;COO-

In general, the conjugate base of a strong acid is pH-neutral
strong acid | Conjugate base (neutral solutions)
HCl Cl

HNO, NO;

HCIO, ClO,




Acid Strength

Negligible

Buffers:
aliial) J glaal)

Acid
HCl
H,SO,
HNO;
H;O"
HSO4-
H,SO;
H3PO,
HF
HC,H;0,
H,CO;
H>S
HSO;~
H>PO,~
HCN
NH,*
HCO;~
HPO,>
H,O

Strong

Weak

OH"™

Base

HSO4~

S
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Neutral
=
£
Weak @
o
=
=
Strong

Are solutions that contain weak conjugate acids-base pair
It resists drastic changes in its pH when small amount s of strong acids or bases are

added to them
g8 3acld o) adla AL dpaS ABLS) die Aun g pgd) uY) a gl Al Jallaal) A

Human blood for example is a complex buffered solution that maintain the blood pH at
about7.4 (s sk s s uell oY) dad s alaiall Jslaall e Jha Gl o

Buffers are often prepared by mixing a weak acid or a weak base with a salt of that acid
or base gk p« Amall (nleal) LA e 5 e dabaidl Jillaall Wile

Examples:
» CH,COOH and CH;COONa (weak acid + its salt)

= HF and NaF (weak acid + its salt)
= NH; and NH,CI (weak base + its salt)
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Lewis acid : an atom ,ion ,or molecule that an electron pair acceptor
Gl z o3t Jifia g3 o sl ) B3 e BLs
Lewis base : an atom ,ion ,or molecule that an electron pair donor
O ASY 93 gila (53 o) g 9) B3 e BLe
B sl pakas)
1- ALl saelll (gady ol Jalaia ;50
2- dasal cligh)
3- Al sl Aty (pilliaa (4 53 Gy Al Adayl ) 49 s 5
Oa s Juiiul o 5508 WY ¢ L) s llud ADEEY1 <l I Aala 5 ol S A gal) ) ()
Lgad & 18 Sl 3 ga 5 sy g ST

B2, G Cu® ™ . Ni™  Ae :di
Fe'" «Mn™ ¢« Cd™? , Pd”

sl oases a8 Bes B oS e (Y
BCH: ¢ BCCI: ‘BCF: ¢ BC(OH): ¢ BH‘ ¢ BCI, ¢ BF. ¢ B(OH). Ju‘
Clg ySIVI e gy Jliiad  Je ol & )8 lls Sllias LY

:iﬁ g £ X é

Sl 58I (e 75 et o 808 LY sl ae 8 il AILN i o) (O
OH ,F .CI',I',Br, OCH;, CN° Jlis

: Jie G siaet B elll CIUS 5o aa 5 (Y
PCl, . PE, . PHs . NCl, . NF, . NI,

oMah e omw Yi . L] . N - TR T

New bond——
coordinare

covalenc
I-il = ]l—: = [ﬂ: II—-‘ =
H—1\|r®/—;—\1|3 = 1 I\IT 3 I|3—1§:=
r1 & Fros -
I .ewis I.ewis
basece acid

NH_BF
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‘kﬁz H :0: H—O:
/Q_+ C— H—Q—C —> H—0—C
H | | |
:0: :0: HO K
Water Carbon dioxide Carbonic acid
Lewis base  Lewis acid
:Cl: H :Cl: }|I
v | o
:Ql—j]ﬁl + N—H — :Ql—zﬂlxl:ITT—H
|
:(_3_1: H :Ql: H
Lewis acid Lewis base
BF, + NH, — FB:NH;
Lewis acid Lewis base adduct
H :Clk H

:Cl:

5l I =

:g‘,_l—,lxn :rlsl—H - :gl—;l\l:rIsJ—H
:Ql:

H :Cl: H
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Answer the following questions:

Lh

For each strong base solution, determine [OH™ |, [H;0™ |, pH, and pOH
a. 0.15 M NaOH b. 1.5 X 10° M Ca(OH),
c. 48 X 10*MSr(OH), d. 87 x 107°M KOH

Determine the [OH™ |, pH. and pOH of a 0.15 M ammonia solution,
For each reaction, identify the Brensted—Lowry acid, the
Bronsted-Lowry base, the conjugate acid, and the conjugate base.

a. H,COs(ag) + H,O(l) == H;0"(ag) + HCO; (ag)

b. NHi(aq) + H,O()) == NH,"(ag) + OH (aq)

c. HNOs(ag) + H,0O(/) — H;07(ag) + NO; (aq)

Write the formula for the conjugate base of each acid.
a. HCI b. H,S0, c. HCHO, d. HF

Determine the | OH™ | and pH of a solution that is 0.140 M in F .

Classify each species as either a Lewis acid or a Lewis base.

a. Fe'' b. BH, ¢. NH; d. F~
Laaal) 438) ,4l) 3ac181)
HC10, ClOy

HCl Cl
H,S0, HSO,
HNO; NO;y
H,0" H,0
HF F
CH;COOH CH;COO
H,CO; HCO;z
H,S HS
NH," NH;
H,O OH
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cofidWoaped o Llllbad s caliad ) G D i il s il i g [

13 gl 0 e TS5 Mgl o UK 05 s gmpen (| e e = ,Jm_.n(‘,
S Jilliga ilayey. sy  dina ol

40 o Aot & I
W e . W00 gy gl sy g0 s (S 6

HNO, o, H + NO;

HSO, __mo , 2H +S07 (HCOOH ~mo (R0 + I
T i e - R —
HS0, HNO, HCI
Lfiae dian LK ae .
F w M+F

HI HBr HCIO, —






