Chapter 5 =ik

Aqueous solutions and acids-bases equilibria

Chemical equilibrium : introduction
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It's the condition in which the
rate of the forward reaction
equals the rate of the reverse
reaction:
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Dynamic equilibrium

Sl o) Y]

The dynamic equilibrium
equation is:
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Rateforward = Ratereverse

At equilibrium, the rates of
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the forward (R¢) and reverse D eeSall 5 el
(Rr) reactions are:

Equal. .0b gluia
Dynamic equilibrium doesn't | ------ O i ¥ Sl o) 33V
mean that the ------- of (o Olsbutia il sill 5 C3le Lkl
reactants and products are Al
equal in value:

Concentrations. S

Chemical equilibrium:

Chemical equilibrium in
reversible reactions can be
numerically expressed by:
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Equilibrium constants (K¢ or
Keq)
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Equilibrium constants can be
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expressed by the equation: Aol
aA+bB =cC+dD
¥ y?
A}*(B}P
Where is: - Caa

A,B : reactants, C,D: products
Keq: equilibrium constant
a,b,c,d : Molar concentrations
(moles).
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For Ex:

2N>0s(g) = 4NOy(g) + O2(g)

Equilibrium constant: Keq 2

NOTE
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All equations must be
balanced first because:
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The coefficients in the
chemical equations become
exponents in the equilibrium
expression.
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Ex:

CH3OH (g) = CO (g) + 2H2 (g)

_ [co][H2]?
®4 " [cH30H]




Reactions involving solids or liquids

Solids and Liquids are not
included in:
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Equilibrium expression.
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The solids and liquids are
excluded in equilibrium
expression because:
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1-The concentration of solid
and liquid doesn't change
(because solids and liquids
don't expand to fill their
containers).
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2-solids and liquids depend AL oy LS e
only on their density which is

constant.

(s): solid la : (s)
(I): liquid il 2(1)
(aq): aqueous. Jdslae :(aq)
(g): gas 3 :(g)
Ex:

2CO (g) = CO2(g) + C(s)
_ [co2]

Keq = _[CO]Z (SOLIDS ARE EXCLUDED)
Ex:

CaCOs(s) = CaO(s) + CO2(g)
Keq = [CO2] (Solids are EXCLUDED)




O3 Gl a8 Keq values

If Keg >> 1
-Forward reaction is slaily) (eala¥l Jeldil) Juady -
favoured. ()
-The reaction moves right Ol & aly Je i) -
-The position of equilibrium B OV Sy -
favors products.

Keq<<1
-Reverse reaction is favoured. (<3 liball) (usal) Jolitl) Juads-
-The reaction moves left. Sl Je L) & jady-
-The position of equilibrium Ldlelital) o) 3N Juads-3
favors reactants.

Keg = 1
Neither direction is favoured. Omaladyl e W OV Y Jada Y
Neither reactants nor dliada il gil) ¥ g e Lital) ¥
products are favoured. O

Ex:
H2(g) + l2(g) = 2HI(g)

_ [HI)?
Keq = [H2][12]

If: [H2]=0.11M, [I2] = 0.11M, [HI] =0.78

Keq & bl (o g2l

0.782

Keq = =50 Keq >> 1 then:
0.11+0.11

(The reaction moves right) (Forward, products are favoured)
(5 Jemiy | ala¥) olaiV) (el & jaiy Jelill)
Ex:
2NOClI (g) = 2NO(g) + Cl2 (g)
[NOCI] =1.34M, [NO]=0.66M, [CI2] =0.33M



2
Keq = NorLCu]

[NOCI]?
Keq = 0.66%%0.33
4=
Keqg=0.0801 Keq<<1then

 olal) Gy sl

(The reaction moves to left)(the reactants are favored)

(e liial) Juaiy) (Slull Jeliil) & jaiy)

Agueous (aq) are included in
equilibrium expression (Keq).

3olke A Aas (aq) Jdlsl
(Keq) O 53!

Ex:

HF(aq) + H20(l) = H30+ (aq) + F-(aq)

_ [H301*[F]

Keq HF]

(Aqueous is INCLUDED but Liquid is EXCLUDED).

4ulili o) ase La Chatelier's Principle

When a chemical system at
equilibrium is disturbed
(stressed) the system shifts in
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a direction that minimizes the e e
disturbance, this is called:
La Chatelier's Principle. Al ol e

A system at equilibrium tend
to:
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Maintain equilibrium.
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Disturbing a system in chemical equilibrium can be:
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Changing the concentration o) Do litall) 8 Al A& s
(of a reactant or product). (s
Changing the volume (or (B2l o)) paadl 8 s
pressure).

Changing the temperature. BSoloall Aoy (B s

5,40 A weill Changing the concentration

According to La Chatelier's 8l die aalilifl e e ol
principle, when we increase G4 &)l ) DIl Wil S 5
the concentration of reactant et
or product, the reaction will:

Shifts to the reverse LoSbaal) slaiBU 4y
(opposite) direction.

Ex:
N,O4(g) = 2NO2(g)
What happens if we add fN204 4Lzl vie sy 1k
N204 ?
The reaction goes to the aaty) Gaall olaily Jelal) & jay
right side. (the reaction (&0
shifts right).
What happens if we add fNO2 4dlaal 2ie Gaay 13k
NO2 ?
-The reaction shifts left Dbl ol Jelatl) &l jaty
-The reaction goes to the (Ol laiall olatly)
left side. (reactants)

Important Note:

Adding or removing Solids | ! s 4lall 3 sall 4l )1 ) A8l
(s) or Liquids (l) doesn't OY oY) e e Y AL




affect the equilibrium,
because:

Their concentrations are
not changed.

Y AL g Alall af sall 380 53

Ex:

CaCO3(s) = CaO(s) + CO2(g)

What happens if we
Increase CaCO3?

CaCO3 4dlal die dhasy 13l

It will not cause any change
to the equilibrium (because
it's solid substance).
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axall o) lazall & sl Changing in pressure or volume

An increase in pressure
(=decrease in volume) will
cause the system to shift
to the side with:

(?;;M d'..ds'j:) BRSSAl é DJ\TL)M
e

The Fewest gas moles.

DD Y e a3e 3 JBY

A decrease in pressure
(=increase in volume) will
cause the system to shift
to the side with:
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The most gas moles.
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Changing in pressure or
volume will --- ---- in

_____ : “ }\ 1 . n é .M...“
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reactions with no gas e Lo s
included:
Not affect. Y

In changing pressure or
volume, Solids and liquids
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LY o Y Al e




will not affect the
equilibrium because:

They're uncompressible.

Jrall liE e

Ex:

N2(g) + 3H2(g) = 2NH3(g)

What happens if we
increase the pressure
(=decrease the volume)?
Products have 4moles

(IN2 + 3H2 = 4)

Reactant has 2moles.

In increasing the pressure the
reaction will shift to the side
with the fewest gas moles
which is product NH3.

The Reaction Shifts to right
side.

What happens if we decrease
the pressure (=increase the
volume)?

In decreasing the pressure
the reaction will shift to the
side with the most gas moles
which is reactant.

The Reaction Shifts to left
side.
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3)lallds )y 8 Huadll Changing in Temperature

If the temperature (in
equilibrium) changes, the
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system will shift the in the gl
direction to:
Counter that change. ol s o lay

If the temperature at
equilibrium increases, the
system tends to:

A A3l allda jasaly ) ae

Decrease the temperature
and vice versa.

(A el 5) 50 all s A glae

Exothermic and endothermic reactions

It's the reaction that emits
heat (H=-) and heat be a
product:

= H)DJ\);M.JJL:}LQJMJQM\}Q
ERNSIRETENG

Exothermic reaction.
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It's the reaction that absorbs
heat (H=+) and heat should
be a reactant:

5al) Gaiey g2 Jelidl
2 3lall S (+=H)
e L)

Endothermic reaction.

_BJ\);M UALAM Jelail)

If we raise the temperature
(adding heat) of an
exothermic reaction:
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The system (reaction) will
shift to the left (reactants).

(e liiall) Lol asiy Uail)

Lowering the temperature
(removing heat) of an
exothermic reaction:

(3)\}4.3\)\) oJ\)AJ\ XAJJJ.AS.\
:3J\)JJJLEJQM

The reaction will shift to the
right (to products).

(&) Cpaddl anty Jelal) @




Ex:

N2 (g) + 3H2(g) = 2NH3 + heat (Exothermic reaction)

What happens if we increase
the temperature (add heat) ?
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The reaction shifts to the left
(to reactants).

(Ol laall) Hluall Jelal) ast,

What happens if we decrease
the temperature (remove
heat) ?

c)\)ﬂ\&;)ddﬂm_‘u&um Jala
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The reaction will shift to the
right (to products).

() sll) Gasll Jelill assy

ac) gall g (alaa¥) dxnks The nature of acids and bases

ualea¥l yal sa Properties of acids

Sour taste.

React with active metals:
Fe, Al, Zn . BUT NOT Cu, Ag,
Au.

Corrosive.

React with carbonates
(producing CO2).

-Marble, baking soda, chalk,
limestone.

Blue litmus turns red.

React with bases to form ionic
salts (in a reaction called
neutralization).
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ualeadU 4lil Examples of Acids

Hydrochloric acid HCI (strong
acid).

Sulfuric acid H2S0O4 (strong
acid).

Nitric acid, HNO3 (strong
acid).

Hydrofluoric acid, HF (weak
acid).

Phosphoric acid, H3PO4
(weak acid).

Acetic acid, CH3COOH. (Weak
acid).

Citric acid, C3H50(COOH)3.
(weak acid).

Carbonic acid, H2CO3 (weak
acid).

(38 Uaaa) HCI iy sldl) (aea

uaaa) H2S04 &y p<lf (aas
(s

waaa) HNO3 <y idl) paea
(s

(e (aan) HF b sldl) (aes

waaa) H3PO4 &by ) siuidll (e
(i

CH3COOH (JA)) chiw¥) (aaa
(il aan)
C3H50(COOH)3 <l sl (aan
(Hira paaa)

ua4a) H2C03 dlii g 8l paaa
(i

2

Organic acids are week acids
(all acids with C atoms (-
COOH)

oalaa) Ll 4y gulanl) (alaall
O3S B3 g palaa¥) ) bz
.(COOH) C

ac) sl L=l 52 Properties of Bases

Taste bitter.

For Ex: Alkaloids (plant
product) is alkaline (base).
Often poisonous.

Solution feel slippery to
touch.

(Gelatinous texture).

Red litmus turns blue.
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React with acids to form ionic
salts (in a reaction called
neutralization).

3! (5880 GabanY) pe Je i
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ae) 8l 4l Examples of bases

Sodium hydroxide, NaOH
(Strong base).

Potassium hydroxide KOH
(Strong base).

Sodium bicarbonate NaHCO3
(weak base)

Sodium carbonate, Na2CO3
(weak base).

Ammonia, NH3 (weak base)

32018) NaOH p g seall 2 g 08
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55 8) KOH p sl gal) a9 a0
(s

NaHCO3 a4 pall @il g3 S
(A 5o B)

82518) Na2CO3 p s peall il ga S

(A
(A 32218) NH3 L )

There are 3 ways to define acids and bases

The Arrhenius definition

s ) oy ja

The Bronsted-Lowry
definition

§s) Yhuih gy g yaS

The Lewis definition.

o s} g

Arrhenius definition

According to Arrhenius, a
substance that dissociates
(ionizes) to produce H* ions in
aqueous solution is called:

GISans Al salall | G gatas ) e ol
Jalladll 8 HY b gl Ly ()

Acid (Arrhenius acid).

(05t ) saan) (mes

For Ex: HCl is an acid because:

a3 (aes 8 HC| 1Jbs

It produces H* ions in solution

sl s HE sl i




A substance that dissociates
(ionizes) to produces OH" ions
in aqueous solutions is called:

<l g C_u.d (qus) Sl<at &‘5‘ salal)
f et Akl Julladll 94? OH-

Arrhenius base.

s ) Bacld

For ex: NaOH is a base
because:

&Y 5206 e NaOH s

It produces OH ions in
solution.

Jsladl 3 OH- byl g

H30*

In aqueous solution, H* ion
attaches to H20 to form:

L HY sl A0l didsal)
102sS H20 slall 3,0

H30* (hydronium ion).

H30" assoued) 05

In aqueous solution:

Al Jdladl s

[H*] = [H307]

For Ex:

HCI (aq) + H20(l) -> H30*(aq) + Cl(aq)

H>S04(aq) + H20(l) -> HSO4(aq) + H30*(aq)

Jalxill Jelds Neutralization reaction

Acid and base react together
forming water + salt, this
reaction called:

O e e Ole iy 3ac 8l 5 (aaall

Neutralization reaction.

Jatadl) Jelas

Ex:

HCl(aqg) + NaOH (aq) -> H20(l) + NaCl(aq)

2HNO3(aq) + Ca(OH)2(aq) -> 2H20 + Ca(N0O3)2 (aq)




H2S0(aq) + 2KOH(aq) -> 2H20(l) + K2S04(aq)

Acids that contain only one
ionizable proton H*:

Oy S 55l ) Galeal)
- Jaad s g plia H*

Monoprotic acids.

O 9ol dalal aleal

For ex: r G
HCl and HNO3 contain only U550 e Ghsisy HNO3 5 HC
one proton H*. add aal g H

Acids that contain more than
one ionizable proton H* and
release them sequentially:

e IS Gl 553 ) Gty
D ORBe HY (59 0

Polyprotic acids.

O gl Badata (alasl

Acids that contain 2 ionizable

55 0 sl g s Al paleal

protons H* are called: C i HY
Diprotic acid. (Ex:H2504) rJUie) (gl Al alasY)
(H2504

Acids that contain 3 ionizable
protons H* are called:

3 Lo (s giat il galea)
el M 55

Triprotic acid. (Ex: H3PO4)

:Jie) i gall A3 alea!
(H3PO4

damiall 9 4y 48ll alaaV) Strong and week acids

Hydrochloric acid HCI
(strong)

Hydrobromic acid HBr
(strong).

Hydroiodic acid HI (strong)
Nitric acid HNO3 (strong).
Sulfuric acid H2S04 (strong).
Perchloric acid HCIO4
(strong).

Acetic acid HC2H302 (weak).

(52) HCI ) siS 5 0l aen
(558) HBr &g g gl paes

(558 HI g g ongl) (aas
(5%) HNO3 &b il (aea
(s5%) H2S04 &y Sl (aea
(s58) HCIO4 &by 5l ) (aan

HC2H302 Jal) i) (aas

(i)




Hydrofluoric acid HF (weak).

(i) HF sl jagd) e

A4l 5 45 8l 2 8l Strong and week bases

Sodium hydroxide NaOH
(strong).

Lithium hydroxide LiOH
(strong).

Potassium hydroxide KOH
(strong).

Calcium hydroxide Ca(OH)2
(Strong).

Barium hydroxide Ba(OH)2
(strong).

Ammonia NH3 (weak)

NaOH a1 peall dasS g 000
(448)
(4258) LIOH aslll a0us gy

(258) KOH poaullisall 1S 5 00

Ca(OH)2 agsmdlsl) auus g 08
(425)

Ba(OH)2 asa ) s g 00
(45)

(A 5a018) NH3 L gaY)

S8l Y gy <& 23 Bronsted-Lowry definition

Bronsted-Lowry definition of

bases and acids focuses on: lsle S el
The transfer of H* ion in an SOlelds AHY gl JU dlee
acid-base reaction. Baclall- jaaall

It's a proton H* donor:

THY G55l mile s

Bronsted-Lowry acid.

(S g gy aes

It's a proton H acceptor:

HY Osisoa) Jusioa 5o

Bronsted-Lowry base.

(Sl gy Bac

According to Bronsted-Lowry
definition, base (proton
accepter) and acid (proton
donor) in acid-base reaction
always:

,ss) M gy iy e e el
saeall s (sl Jise) sac )
~paeall CBlelss 8 (gt nll mila)
Lo Ladla 3ac )

Occur together.




For Ex:

HCl(aq) + H20(l) -> H30*(aq) + Cl(aq)

HCl=acid donates H* (proton

o) HY e 43Y aes = HCI

donor). (0550
H20=Base accepts H* (proton | H* Osis » Jdaiul 43Y 3228 =H20
acceptor). (0550 Jitiasa)

For Ex:

NH3(aq) + H20(l) -> NH4*(aqg) + OH(aq)

NH3=Base accepts H* (proton

Jiin) H* Jiiad 43Y 3206 =NH3

acceptor). (0555
H20=Acid donates H* (proton k) HY e 43 aes =H20
donor). (058

A substance that can act as an
acid and as a base is called:

EJA}ME)AJLW&J\BJN\
[t BacleS

Amphoteric substance.

Aol sald

The most common example
of amphoteric substance is:

[P Adie Bale el

Water H20.

.H20 Wl

Bronsted-Lowry: conjugate acid and base

cdcm\juanaj\é&\f LSJ)LM})é

It consists of 2 substances
related to each other by the
transfer of a proton H*:

bogrianny (phas e gpidle e (g siag
THY 05 oal) Ja dolasy

A conjugate acid-base pair.

Baclall- jaaall 38 ya C-’J

A base that accepts a proton
it becomes:

ot O3 Qi ) 33




Conjugate acid.

e (88 e

An acid that donates a proton
it becomes:

e 0590 e sl asall

Conjugate base.

Bacld dS\J‘“

For Ex:

NH3(aq) + H20(l) -> NH4*(aqg) + OH(aq)

NH4 = NH3 accepts proton so
it's a conjugate acid.

A g5 n Jidiul NH3 54 =NH4
aea (3l e a

OH = H20 donates proton so
it's a conjugate base.

s Al Gsis » = H20 4 =0OH
Bacld éﬁ\)A

H2SO4(aq) + H20(l) -> HSO4(aq) + H30*(aq)

H2S04 = donates proton so
it's acid.

H20 = accepts proton soit's
base.

HSO4 = H2S04 donates
proton so it's a conjugate
base.

H30O*= H20 accepts proton so
it's a conjugate acid.

9 I G5 e =H2S04
33 Cuali) HSO4 al . pasa

(H
9 A Ggig 0 Jiiu) =H20
bacld

(H 83 <31 3) H30* el
OS89 e H2S04 2 =HSO4
BSacld ééb—a Sa Sy

G859 Jitiu) H20 & = H30*
oaaa (38 e g Sl

OS50 QuiSTAY (+) Ay 055 (aeall 681 e-1
O 28 40y (o) Ay (4 5S) saclal) (38 je-2

i) 43Y) (mandl (581 el SISV Ain e Al sy (S ) DS IS (-3
38 43Y) sac (38 el JAY) Ain il QL | (o sally Aind ) 38 (535
(= a4 Baly ) (adind & g 50
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Gl ) 5 Bacll ged atiad ) ) b ) sl Hlais Baclall (e aasll 48 j2al -5
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u=aaall 3 8 Acid strength

An acid that completely
ionizes in the solution is:

Jsladl 3 WS i gl e
(g

Strong acid.

An acid that partially ionizes
in the solution is:

L W il (A1) Gaeall

Weak acid.

HCl(aq) + H20(l) -> H30*(aq) + Cl(aq)

Example of strong acid: HCI
that means:

= HCl A58l Galeall e JUs
'

All HCI molecules have G Sl LIS s HEL @l e JS
essentially ionized to form .ClI" sH30*

H30*and CI

1M of strong acid will have:

(55 s A Gaeall (e IM S

1M of H30*.

H30" » 1M

The acid that doesn't Jolaall 8 LIS iy Y () aeall
completely ionize in solution NP
is called:

Weak acid. e
1M of weak acid is less than e AIM OS5 e BB AM S 5
1M of H30* because: Y H30Y
Only some of weak acid's S Capmaall sl Glapus (any
molecules ionize to form LS a5 haid H30* (<l
H30*.




HF(aq) + H20(l) = H30+(aq) + F-(aq)

HF is an example of weak acid
because:

Y ddpall (mlea¥) e Jie HF

1-It partially ionizes.

2-It contain a lot of unionized
HF molecules.

3-1M of HF has [H30"] less
than 1M.

ol Lo s (-1

Glaal) e S e (5 5ing-2
Al )

[H30%] e 53 HF (» 1M-3
AM (e B

ddmia yaleaVl e 4Bl Examples of Weak acids

Hydrofluoric acid HF (monoprotic)
Acetic acid HC2H302 (monoprotic)
Formic acid HCHO2 (monoprotic)
Sulfurous acid H2SO3 (diprotic)
Carbonic acid H2CO3 (diprotic)
Phosphoric acid H3PO4 (triprotic)

CH3COOH (acetic acid)
contains 4 H atoms but it's a
monoprotic acid because:

(Jad:elind) jmes) CH3COOH
OSI (g 13 4 e s sy
0¥ glal e i

Only one H atom is ionizable.

s 82al g H (g s 5,3 ladd
i)

pH ks The pH scale

It's a compact way to specify
the acidity of a solution:

pH scale.

.pH liae

The pH equation is

. pH Adalaa

pH = -log [H*] OR pH = -log [H30%]
While [H*] = [H30%]




Solution is acidic when:

pH<7 [H30*] > [OH]

Solution is neutral when: rdalaia J o) (55
oH =7 [H307] = [OH]

Solution is basic when: i gacld Jdadll S
pH>7 [H30%]< [OH]

For ex:

A solution with [H30%] = 1x103M
what is its pH value?

1x103M = [H30"] e s siny Jslaa

?pHR.A:\B‘;_ALA

pH = -log [H30*] = -log (1x10%) = 3

Product of [H30*] and [OH] =
Kw ([H30*] =[H*])

O &b = [OHT] 5 [H30%] &l

([H307] =[H*]) Kw L

= [H30*]*[OH] = 1x10%

For example:
A solution with [H*] = 4.6 * [H]1=4.6 * 10* M 4 Jslas
104 M, find [OH‘]' [OH] 2
1*10_14 -11
[OH] = [H+] = oo = 217 x107*M

A change of 1 pH unit
corresponds to a:

rpe 80 s pH Bas g s

10 fold change in H30*
concentration.

H30" 3:S 58 b il Cilaaal 10

For ex: A lime with a pH of 2

iS —----- more acidic than a Ay Cﬁj‘ (R === mmmes - ‘%zm
plum with a pH of 3: 3 = pH
10 times. 4l 10




Highly concentrated acids can
have:

) (;de\ S i Gl alaal)
Sl ) Sl

Negative pH.

U WP TENPTT Y-

POH xlia

pOH scale

The pOH scale is a scale based
upon the
concertation:

e Wiay (wbie A pOH ebie

Hydroxide ion [OH].

OH™ 28 50l (sl

The pOH equation is: - pOH Aot
pOH = -log [OH]

pH and pOH have the DOH 5 pH bl (s 25D

relation: -
pH + pOH =14

For ex:

[H30*] = 1.8 * 10"*M find pH :

pH = -log[H30] = -log(1.8 * 10%)

pH < 7 so it acidic.

=3.74.

[OH] = 1.3 x 102M find if it's basic or acidic

pOH = -log[OH] = -log (1.3x102) = 1.88

while pOH > 7 then it's basic
pOH > 7 =8 Basic
pOH =7 Jilaia Neutral
pOH <7 =< Acidic




Finding [H30] from pH

For example:

pH of solution = 4.8 find [H30O]
10~P" = [H30]
107%8 = [H30]
[H30] = 1.6 x 107>

4, 58ll ac) ll Strong base

Strong base is one that -------

LR SSar Al a4y gall saclal)

dissociates in aqueous R E N Pk PN | B PAEON|
solution releasing ---- :

Completely / OH-. OH- /W
NaOH is an example of strong | J% (ps2 sall 2uS 5 ,04) NaOH
base that: Y 4 g8l ac) gl e

All dissociates to form Na*
and OH".

. OH s Nat I LIS ke,

Sr(OH)2(aq) -> Sr?* (aq) + 20H"(aq)

Sr(OH)2 is a strong base

Ex:
Find pH for (0.011M Sr(OH)2) :

OH = 2 x [Ca(OH)2] (because there's 2 OH)

OH =2 *0.011 = 0.022, pOH = -log(0.022) = 1.66

pH=14-pOH=14-1.66=14.34
to find [H] use the rule [H] = 10PH




dipaall ac) g8l Weak bases

A substance that produces
OH" by accepting a proton
from water is called:

Gasb e OH- il Al saldll
sand slall (e (59 50 Jlatin

Weak base. Adya ac 8
Ammonia is an example of ddmia 3acld e JUa oo Lo saY)
weak base that: Y
lonizes water. el
The common element in most | )@l (el 8 29a g0 paic el
weak bases is: L5 Al
Nitrogen N atom with a lone O @) Ala) N s il
pair of electrons. (b5 STy
The lone pair of N accepts a Jasiuny N (A @lig SV = 5
proton to make: il 580
The substance a base. Agac \al) salal)

dabaidl Jllad) Buffers

Solutions that resist drastic
changes in their pH when
small amounts of strong acids
and bases are added to them:

& <l il gl Jllae
4Ll die (Ph 4ad) g sen
) 58l ol Gialaa) pe 4Ll LS
el 4 sl

Buffers (buffered solutions).

adaial Qs

Buffers contain:

rAabaid) Jllaall (g giad

Weak conjugate acid-base
pairs.

S laxia B.J.CU-UAAA 65‘)“ C}J

Example of buffers is:

Aadaial) Jllaadl e Jla

Human blood (that maintain
the blood pH at about 7.4).

(7.4 J s

Buffers are prepared by:

LGk




Mixing weak acid (or weak
base) + salt of acid or base.

(‘\A:\M 3ac |8 ‘9\) Saxaia (aaen Ba

Baclil 5l (meal) Gl ale o

o ca =i Lewis definition

Lewis acid is: 1A gl (aea
Electron pair acceptor. (b5 SV 5 Jalane
Lewis base is: (A ul Bacld

Electron pair donor.

Sl g SV = 95 il

The product of Lewis acid-
base reaction is called:

Lo Bacli-yaes gl Je & xiia

Adduct.

Adlizal =il

For example:

BF3 + NH3 -> F3B — NH3

BF3 is a Lewis acid because:

Y gl e BF3

It accepts the electron pair.

by S = 5 5 Jasiad

NH3 is a Lewis base because:

a3y u ol acld sa NH3

It donates the electron pair.

b g ISV = 9 ) e

A Lewis acid has an empty
orbital (or can rearrange
electrons to create an empty
orbital) to:

Mz 5)) &0 Dlaa cllay G gl Gaea
(g1 Dlae oSl adls g ;S s S
:J

Accepts an electron pair.

.-

daga) ol 2o) d 5 (mlea¥ ALl Examples of Lewis acids and bases
(I

Lewis acids:

Jon sl palea)

BF3, AICI3 and CO2

Lewis bases:

o sl e 58

NH3, F, OH7, H20




