General Chemistry Chapter VII The Thermodynamique

Gaseous atom Gaseous cation
A(g) Eamm—— A+(g) AHr:AHi
Example :

Cop — Cly

Nag——> Na'(y

2
Cag—> Ca’'(y

VI-4- Electron affinity (Enthalpy affinity AHasr or Eafr):
It's the energy that corresponds to the transformation of a gaseous atom into
a gaseous anion (a gaseous atom gains electrons).
Ag —> Ay
Example:
Cly— Cl
Oz—> Oy

Fg — Fy

VI-5- Enthalpy of sublimation (AHsub):
This is the energy associated with changing the physical state of an atom
from solid to gas.
A —2 s A AH=AHgy
Example:
Ceo—> Cp
Fe g— Feg

Nas—> Nay

VI-6- Lattice Enthalpy (reticular enthalpy /lattice energy AHret):
Lattice enthalpy is the energy required to form a solid crystal from gaseous ions.

A"t B(g——» A-BAH~AH,
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Example:
Na'(g) + Cl'g) —— NaCly) Ky +Tg — Kl
K’ + Clig ——»  KCly

Some lattice energy values:

Example 1: Express AH; (CaF,) in terms of lattice energy AH;¢ (CaF>).
Cayy + Fygy——— CaF,A  AHHCaF,)
AHgup(ca) l AHpiss(r-F)
Cag) 2F g AH:s
AHiin 2lAHAff
Ca*y + 2F
The formation reaction is only with pure simple reactants.

So : AHgcar,) = AHsun(cay + AHpissr-F)+ AHjon(ca)+2 AHagr(r) + AHret

Example 2:
NaClg, AH— AHFNaC) Nag+ % Cl( o
-AHj,

a'gt  Clg /2 AHy(cr.cny + (-AHsuw)
TAHion -AH st

Na(y + Clg,

—
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General Chemistry Chapter VII The Thermodynamique

VII- CLAPEYRON diagram:

In this diagram, different transformations (Isobaric, Isothermal, Isochoric, and
Adiabatic) are graphically represented by the variation of pressure as a function

of volume.

VI1I-1- ISOBARIC transformation:

2 . .
~ fromlto2: Isobaric Expansion

. from2tol : Isobaric Compression

VII-2- ISOCHORIC transformation:

pl
o beeeeieeaanagd fromlee2 - isochoric heating
from 2t=1: Isochoric Cooling

VII-3- ISOTHERMAL transformation:

P 1 fom 1102 |sothermal Expansion
\1 1 Isothermal Compression

—
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VI1I-4- ADIABATIC transformation:

P 1 De 142 Adiabatic Expansion
Delil:Adiabatic compression

Example :
Consider a gas undergoing the following transformations:

Step Al —2 Isobaric Expansion at constant pressure
Step B2 — 3 Isochoric Cooling at constant volume
Step C3 — 1 Isothermal Compression at constant temperature

Provide the different expressions for W, AU, Q, AH ?

P

Step A : Isobaric Expansion

(P =P, =cste),
\&
W= —[ PdV=-P(V; - V)
Vi
Qp = nCpAT = AH
AU =W + Qp

Step B : Isochoric Cooling

V =cst therefore W= —f PdV=>W =0

( )|
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Qv = nCyAT = AU
H=U+PV=>AH =AU + A(PV)
AH = AU + A (nRT)
AH =AU +nR AT =AU +nR (T, — Ty) (T, =Ts)
Step C : Isothermal Compression
T =cste therefore U = cste == AU =0
W=-Qsince AU=W+Q=0=>W=-Q
W = —nRT In & = —nRT In i
Vi Py

\p P
Q=-W =nRTan—=nRTln—

1 Py
Exercise :
We consider an ideal gas undergoing successive transformations represented in a
CLAPEYRON diagram, starting from the initial state A characterized by the
pressure: PA =3 atm, VA =16 L, TA =300 K.
A — B (isobaric compressionVg = 8L).
B — C (isochoric heating).
C — A (isothermal expansion).
- Represent all these transformations on aCLAPEYRON diagram.
- Calculate the number of moles of gas.
- Calculate the pressure at point C and the temperature Tsp.
- Calculate for each transformation the amount of heat exchanged with the
surroundings, AH, Q, W, AU.
Given Cp = 11,66 J k! mol’!
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M T = Cste
|

Ts ~ -H'“'-.__ Ty =300k

- The number of moles :
PAVA 3,162
A = = = = =
PAV, = nRT, =>n RTA ~ 0,082x 00 1,95mole
- The pressure at point C : Tc = Ta =300 k
nRT; 1,95x0, 82x300
PcVe = nRTe => Pe = = = 6 atm
V 6
C
- Calculation of Tg.
PV,
B B T
= = = = k
PPVg = nRT® => T 0.082% 95 150

VII-The second law of thermodynamics:

In the second law of thermodynamics, we will study the evolution of the
reaction (chemical transformation). For this purpose, we introduce a new state
function called Entropy (S). This state function allows us to determine whether
the reaction is spontaneous or not. The change in entropy AS is given by the
following relation:

AS = A;S + A,S

AiS : change in internal entropy.

A.S : change in external entropy.

We can calculate AS using the relation:AS = f d?Q

€ T

AS= % Therefore: A;S = AS — A.S

ext



—
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General Chemistry Chapter VII The Thermodynamique

VII-1- Concept of Entropy :
An isolated system that has undergone an evolution cannot return to
the initial state.

Transition from state A(order) to state B (disorder)
AS=Sg-Sa=] dTQIn any reversible evolution, the entropy of an isolated system

remains constant.
1) Variation of entropy S with temperature and pressure S = f(T,P)
H=U +PV

dH= dU +d(PV) = CpdT

dT

Therefore: dS = Cp - Rd?P (1)

2) Variation of entropy S with temperature and volume S = (T, V)
dU =dQ +dW = CvdT
Therefore: dS = CVdTTwLRdVV ...... (2)
3) Variation of entropy S with pressure and volume S = {(P, V)
(M=)

dT dv
We deduce : — =

T VvV
Replace in (1) or (2)

dP
+P

If we replace in (2) we will have : dS = CV(dVV + d?P) + Rdvv
dS=cp¥ 4+ v
% P
For a reversible cycle, AS=0 so dS =0
av dp
va + CVF =0

1 1 1 . C_pd_v C_Vd_P =
Divide by Cv, we will have : vt o7 0

Cp
We have : — =
Cv 14
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yIn V + InP = cst
InVY + InP = cst
InPVY = cst,
Therefore : PVY = cste

According to the ideal gas law PV= nRT, we get P= % and replace it in the

. . nRT .
previous expression —— V= cst with n, R cst

We obtain: TV*! = cste
. nRT . . . .
We derive V= - and replace it in the same previous expression

(nRT)" _
pr
PTY

—y = ost and obtain: P!"'T"= cste

cst

VII-2- Expression of entropy :
VII-2-1- For an isobaric transformation P = cste :
At constant pressure, we have: AH = Qp=n Cp AT
dH=dQ =nCpdT

d CpdT dT
AS = TQ:an

T,
ZHCPI ? =nCp InT I?I“Zl
T1

AS = nCp(lnTz - lnTl)

Therefore AS = nC, ln?
1

VII-2-2- For an isochoric transformation V = cste:
At constant volume, we have AU = Qy =n Cy AT
dU=dQ=nCydT

dQ nCydT T2 dT
T T _chle?

AS =

T
Therefore: A4S = nCVlnT_2
1

]
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VI1I-2-3- For an isothermal transformation T = cste:

At constant temperature, we have W = -Q

\Z P
W = —nRTIn — = —nRTIn —
Vi P,

AS = A.S = Q = 9

Text T

V2
nRT lnv—1

_ V2 _Q_
Q—nRTlnv—lsoAS—T— -

v, Py
AS = nRT In — = nRT In —
Vy P,

VII-3- Entropy calculation:
At 0K (-273°C) we have S°(0k) =0
At standard stateT=25°C (298k), we have  AS= S° 2981~ S° (0= S° (208
If the temperature T > 298k
H=U + PV
dH=dU +PdV + VdP =TdS -PdV + VdP +PdV
dH= CpdT= TdS+VdP

At P=cste we have CpdT=TdS=>dS = CpdT
Thus AS = sz%@: St~ Sws and finally, we find:

T
St = S298 + Cplnﬁ

VII-4- Entropy of a reaction:
The change in entropy is a state function, dependent only on the final and

initial states.
For a chemical reaction, and according to Hess's law, we can write:
ASreaction = XSproducts = X Sreactants

VII-4-1- Prediction of the sign of AS :
» The entropy of a system increases when it evolves towards states that are more
disordered than the initial state.

Solid — liquid — gas  AS increases

( !
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» For a given phase, AS increases: - When pressure decreases

- When concentration decreases (dilution)

A;S : Variation of internal entropy provides information about intermolecular
collisions.

If AiS > 0 (spontaneous reaction).

If AiS< 0 (impossible reaction).

If AiS = 0 (chemical equilibrium).

VII-5- Gibbs free energy G (Free enthalpy) :
Chemical reactions occur due to collisions between reactant molecules.

Atoms are released, and their unions in one direction or another depend on:

- Bonding energy

- Molecular disorder
A second state function, relating enthalpy and entropy, is introduced to better
understand the second law of thermodynamics. This state function is called Gibbs
free energy, G.

G=H-TS

At constant temperature and pressure, we can write: AG = AH — T AS

The change in Gibbs free energy of a reaction is given by Hess's law.

AGreaction = 2 AGproducts - Z AGreactants

With :| AG (pure simple substances/pure elements) = 0
{ S (pure simple substances/pure elements) # 0
Pure simple substances/pure elements (Cgs), Fe), Nag), Cugs), Hag), Clag),
O2( g, Nag),)
The change in Gibbs free energy also informs us about the possibility of the
reaction.

If AG > 0 (impossible reaction).

—
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If AG < 0 (spontaneous reaction).

If AG = 0 (chemical equilibrium).

For a chemical reaction, the change in Gibbs free energy can be related to the
equilibrium constant by the following expression:

AG = AG° +RT In k

AG?® : Standard change in Gibbs free energy.

R : Ideal gas constant.

k : Equilibrium constant.

For a chemical equilibrium: AG =0

AG=AG°+RTInk=0=>AG°=-RTInk

AG°
RT

Or: Ink =

AG°
Thus, the equilibrium constant can be deduced k = e rT

VIII- Application exercise
Exercise N° 01:
A mass m of an ideal gas undergoes the following reversible cycle
transformations:

From A to B: isobaric P1=10° Pa, volume V|, temperature Tj.

From B to C: isochoric Vf% = 2L, P,=final pressure at C (Cp,= 11,66 JK"
b,
From C to A: isothermal T1=300 K.
Calculate the pressure P,, the work done, and the heat quantities received
during the cycle.
Exercise N° 02:
Consider an ideal gas in the initial conditions PA=3 atm, TA=300 K, VA=16.4 L,
which undergoes the following reversible transformations (given y=1.66):
From A to B: adiabatic compression until Tg=450.

- From B to C: isochoric cooling until PC=4.05 atm.

( ]
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From C to D: isothermal expansion until P,=3 atm.
From D to A: isobaric.
Determine the state variables (P, V, T) at each stage.
Represent the different transformations on a Clapeyron diagram.
Calculate the work done, heat transfer, change in internal energy, and
enthalpy for each transformation. Show that the first law of
thermodynamics is verified.
Exercise N°03:
In winter, to avoid freezing, a greenhouse containing 812 g of air (assumed to be
an ideal gas) is heated, raising the temperature from 2°C to 16°C. Calculate:
The change in internal energy of the air during this heating.
The amount of heat received by the gas if it performed 846.4 Joules of
work. Data: The molar mass of air M=29g/mol, R=8.32 J/mol. The ratio of
specific heats for air y=Cp / Cv=1 4.

Exercise N°04:
An ideal gas occupies a volume of 17.40 dm? at 300 K under a pressure of 1.05 x
10° Pa. The gas is heated at constant volume (isochoric transformation) until the
pressure reaches 1.80 x 10° Pa. Calculate the final temperature of the gas.
a) Demonstrate that for ideal gases, the change in internal energy AU and
enthalpy AH depends only on temperature.
b) Derive Mayer’s relation and the molar heat capacity at constant volume Cv
for this gas.
c) Calculate AU and AH.
d) Calculate the heat supplied to the gas to bring it to the final state.
Data: Molar heat capacity of this gas at constant pressure Cp=29.30 J/mol.

( ]
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Solution
Solution N°01
State of the gas

C Pz, sz 2 L, T: 300 K
A P,Vi=10L, T=300K

1- Isothermal from C to A: P, V, =P, V; : from where P,= 5. 10’ Pa.
2- work received: dw= -pdv

Wag= -PAV= 10° (2-10) 10°=800 J

Wsgc= 0 isochoric
dWea= -PdV= -nRT, dv"

Wea= —nRTlln%= P,Viln (5)=1052.103In 5=-1610J.
2

3- Heat received:
The internal energy does not change over the cycle W + Q=0 car AV=W + Q
D’ou 2Q=-XW=2810J.
The internal energy does not change on the isotherm: Qca=-Wea= 1610 J.
Qas= C, AT (isobaric) = C, (Ts-T1)

Va1 _ g0 K

Calculation TBZ P1V2 = I’IRTB , P1V1 = l’lRTl D’ou TB:

\%1
Qap= 11,66 (60-300)=-2800 J.
810=-2800 + 1610 + Qpc d’ou Qpc= 2000 J.

Solution N°02:
The state variables (P, V, T) of each stage:
A___, B: réversible adiabatic P! TY = Constant ; PA!" TAY = P! Tp? => Pé_y

Py 'T}
- Y
Ty

( ]
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=)' = P=0 G )y)”

8= (P~ Y)ﬁ(( Y) )

N
—_pl-vy AN1-Y

R -2,52

T _ 300
Pa=Pa (D) =3 Gg; = 8,3 atm.
B
v VaPaTg _ 1643450 _
Ideal gas law: Vg PoT, 53300 8,9 L.
RT
PsVg =nRTg => V= “PB B e, (1)
P
PAVa = nRT,=>nR="AYA
Ta
(1) VB: I'IRTB = VB— PAVA T_B — VB: PAVA TB
P Ta PB Ta PB
PcVe=nRTc=>Tc="SE ... )
PgVp = nRTp=>nR=_B""
Ts
PV PcV PcV4 Ty PcTg
D) Te=L8=>Te=_ 8 =>Te=C = Tc=
(2) Tc nR P}}VB ¢ PBVA  Tps
B

B — C: reversible isochoric: VC = 8,9 L= V3.

TgPc _ 450 4,05

=220 K.
Py 8,3

Ideal gas law: Tc=

C—— D: réversible isothermal: Tp= 220 K.



—

)|
152 |



General Chemistry Chapter VII The Thermodynamique

Representation of the different transformations on a Clapeyron diagram:
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2-The work, heat, change in internal energy, and enthalpy for each of the
transformations:

A — B : réversible adiabatic Qag=0 and P V' = Cste = P,V," =PV’

W —cte[ S -t - S ey BaVE VST R VIV pala il
VT -y Py-r v=1 vl
8,310°.891073 -310°.16,41073
Wap= : Wap= 3,74 kJ.
0,66
B ) __nRy 83116 6 _
AUap= 3,74 kJ ; AHA G—DAT 0566 150 6,3klJ.
PAVa 3105161073
e :£> = => - —_ = ~
PAVA l’lRTA n RT, n 831300 1,97 ~ 2.
, oy ) R
B — C: réversible isochoric : W= 0 et Qgc= AUpc= (y_nl)AT
PAVaA 310° 16,4103
==L =>n= = 2mol.
RT, 8,31 300
nR 28,31
= => ot = -
Qe (y—=1)AT Qe 0,66 (200—450) 5.8k J.
(153 )
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AUBCZ -5,8 kJ.

nRy = 28,311,66
(1-y)AT 0,66 (220—450)

AHpc= => AHgc=-9,6 k J.

C—— D: réversible isothermal: AUcp= 0 ; AHcp= 0

Qcp= -Wep= nRT In(22)= nRT In(L2)
Vc Pc

Qeo=2 8,31 220 In(32) => Qco= 1,1 k J and Wep=-1,1 k J.

C—— D: réversible isobaric.

_ nRy 2831166 .
AHcp= (1—y)AT 0,66 (300—220) => AHep=3,3k J.
AUcp= nR 2831 => AHcp=2,0k J.

(1-Y)AT 0,66 (300—220)
Wpe=P (Vp-V¢) =3.10°(16,4 10° — 12. 107) => Wpe= 1,3 k I.
Qbc= AUcp — Wpc=2,0 -1,3 => Qpc= 0,7 k J.

1- Show that the first principle is verified:
AUcyee= 0 ; AHeyere= 0.
Sum of works W= 3,7—-1,1 +1,3~39k J.
Sum of heat quantities" Qoa=-5,8 + 1,1 +0,7 ~-4 k J.

Wiotal + Qtotal =0

Solution N°03:

The change in internal energy of n moles of an ideal gas: AU =n Cv) AT Airis a

diatomic ideal gas: Cy = ;R therefore:

812 5

AU=—x-x 8,32 14=8153,6 J.
29 72

—
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a) We have AU=W + Q ou AU=AW + AQ
The amount of heat exchanged by the gas (air) is::
Q=AU — W or W= -846.,4 because the air has done work
D’ou Q= 8153,6 — (-846,4) = 9000 J.

Solution N°04:

. P
1- At constant volume, for ideal gases, we have: = constant.

therefore: T= %Ti - % 300 = 514,28 K.

2.
a) Par définition AU= Q + W, At constant volume, W= 0 therfore:
AU=Q,=n Cy AT

AU depends only on the temperature.
AH = AU + A(PV) => AH = Q, + PAV + VAP

= Q, + VAP (car V= constant).
—n Cy AT + VA“TR T

=n Cy AT + n R AT (car V= constant).
AH=n (Cy+R) AT
AH depends only on the temperature.
b) From the expression AH=n Cp AT, we derive Mayer's expression:
Cpr=Cy+R  From which Cy=20,986 J. mol! K.
c) Calculation AU et AH

1,050 10° 17,4 1073
8,314 300

AU=Q,= = Cy AT = 20,986 (514,28 — 300)= 3294 J.

1,050 10° 17,4 1073
8,314 300

AH=Qp= 1 Cp AT = 29,300 (514,28 — 300)= 4599 J.

3- At constant volume Q,= AU= 3294 ]J.

—
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I- Fundamentals :

In the chemistry of solutions, several definitions have been given for acids

and bases.
I-1- Bronsted-Lowry definition :

= A Bronsted acid is a chemical species (ion or molecule) capable of
donating a proton H" or H3O" in a solution; it is a proton donor.
AH + H.0 —» A" + H:O"
—, A Bronsted base is a chemical species (ion or molecule) capable of accepting
a proton H" in a solution; it is a proton acceptor.
B + H0 —» BH" + OH"
I-2-Arrhenius definition:
—)  According to Arrhenius, an acid is a chemical species (ion or molecule)
capable of producing hydroxide ion OH"in solution, it is a OH™ hydroxide ion
acceptor.
—) A base, according to Arrhenius, is a chemical species (ion or molecule)
capable of producing hydroxide ion OH in a solution; it is a hydroxide ion donor
OH".
I-3- Lewis definition:
—/ Anacid, as per Lewis, is a chemical species (ion or molecule) that possesses
an empty orbital (space).
—) Abase, as per Lewis, is a chemical species (ion or molecule) that has a lone

pair of electrons (a free electron pair) and tends to accept H'.

Examples:

HCl + H,O — CI' + H;0"

CH;COOH + H,O === CH;COO + I‘I3OJr
H3PO4 + HzO === H2P0_4 + H30+
H,PO 4 + HO === HPO'24 + H3O+

( ]
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HPO?% + H,O ==== PO3;+H;0"

H;O® — H+H,0 H;O"an acid

HBr + HH O — H;0"+ Br

HCIO4 + HLO —  H30"+ ClOy

NaOH — Na'+OH

NH; + H,O === NH", + OH" NH; is a base
Ca (OH), —— Ca’"+20H"

Ba (OH), — Ba+20H

H,O+H" — H;0 H,O is a base
CO?*;+H,0O ==== HCO5+ OH"
HCO; + H,O ==== H,CO; + OH"

Conjugate acid/base pair:
Every acid-base reaction involves 2 conjugate pairs :

) For each acid, a corresponding base is formed as a result of losing an H+
from that acid. This base is called the conjugate base: Acid HA / Conjugate Base
A

) For each base, a corresponding acid is formed as a result of gaining an H+
by the base. This acid is called the conjugate acid: Acid BH" / Conjugate Base B.
HA acia1 + B base2== A base1 + BH" a2 (HA / A- and BH+/B)

HCN +H:0 == CN + H3;O0" (HCN/CN-and H3O"/ H20)

HCOOH + H:0 == HCOO+ H3;0" (HCOOH /HCOO and H3O" /H20)

H2SO4++H20 ==HSO7s + H3O" (H2SO4/HSOs and H30"/ H20)
HSOs + H20 ==SO%*s+ H30* (HSO4/ SO*s and H3O"/ H20)
NH:+ H:O == NH"s + OH" (NH"4 /NH3 and H20 / OH)

CH:NH:+ H:0 == CH3NH"s + OH- H3:NH"; / CH3:NH: and H>O / OH)

( ]
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C:HsNH:+ H20== C:HsNH"3 + OH" (C:HsNH"3 / C:HsNH: and H20/ OH)

Amphoteric Substances (Ampholytes):
A substance is called amphoteric or ampholytic if it can behave as an acid or a
base.
H:PO4 + HO ——>  H:PO + H3O"
H:POs + H:O ——>  HPO*4 + H3O0*"
HPO*s + H2 0 ——> P03 + Hi:O"
AH+ H:20— A +H3O"
B + H:0 — BH'" + OH
As observed in the previous examples, the molecule H,O acts as an acid with
bases and as a base with acids. Therefore, the water molecule 1s termed
amphoteric or ampholytic.
I1- Autoionisation of Water:

The structure of the H,O molecule imparts amphiprotic (amphoteric)
properties to water, which result in the transfer of a proton from one water
molecule, acting as an acid, to another water molecule, acting as a base.

H:0 + H:0 & OH + H3O"

The existence of equilibrium dictates that the concentrations of H30" and OH"
ions cannot vary independently. These quantities are interrelated by the water's
ion product, whose value is calculated from the concentrations [H30"] and [OH"
] in pure water :

Ke= [H30"] x [OH]= 10" a 25°C

Mathematically, it is possible to take the decimal logarithm of Ke. This leads to
the definition of pKe :

pK.=-logK. thus K=10Pk¢

( !
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II1- Concept of pH :
III-1- Definition
The pH, or the hydrogen potential, expresses the concentration of

hydronium ions in a solution. In a not highly concentrated solution, pH is given

by SORENSEN's relation :
pH= -log [H30"] or [H3O0"] = 10°H

I11-2- pH Scale
For the vast majority of practical applications at temperature of 25°C,
The pH scale ranges from 0 to 14.

e In pure water at 25°C, [H3O*] = [OH] = 10"molL™" : neutral medium, pH =
7.

o If [H30%] >10"molL", [OH] < 10"molL": acidic medium, pH < 7.
o If [H30"] <107molL", [OH] >10"molL"!: basic medium, pH > 7.
Note :

Regardless of the nature of the solution, both: OH and H3O", ions are present,

but in varying proportions.
I'V- Strength of acids and bases:

IV-1- Strong acids and bases :

- A strong acid is completely dissociated into H;O" and its conjugate base

through a direct reaction.
HCl + H20 — H30" + CI

- A strong Bronsted base in water is fully dissociated into OH- and its conjugate

acid through a direct reaction.

NaOH + H:0 —>Na+aq + OH-aq

( ]
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If an acid is strong, its conjugate base is weak.
If a base is strong, its conjugate acid is weak.

Any (strong) acid/base pair in aqueous solution does not possess a K, constant

(Ka — o, and pKa equals 0).
IV-2- Weak acids and bases :

An acid is weak if its dissociation in water is partial and leads to a chemical

equilibrium, a non-total (reversible) reaction. This is the case for organic acids.
RCOOH +H:0 == H3;O"+RCOO

These acids are characterized by a constant that measures the acidity of the

medium, known as the acidity constant Ka, which is expressed as:

_ [Base][H307] _
= TAcdliH,0] [H,0] ~ constant.
.. ;. _ [Base][H30%]
So, the acidity constant: ka= T Acid]

We can define: pKa=-log Ka  or Ki=10PK?
The stronger the acid, the larger its K, and the lower its pK.,.
The weaker the acid, the smaller its K, and the higher its pK..

- A base 1s weak if its dissociation in water is partial and leads to a chemical
equilibrium, a non-total (reversible) reaction. This is the case for amines.

RNH:+ H:0 == RNH*; + OH"
C:HsNH:+ H.0 == C:HsNH"3 + OH"

These bases are characterized by a constant that measures the basicity of the

medium, known as the basicity constant Kb, expressed as :

[Acid][OH]

The basicity constant: Ky= [Base]

With: pKp=-log K» or Ky=10PKP
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The acidity constant Ka is related to the basicity constant Ky of the acid/base pair.

[Base][H30"] [Acid][OH™

] = + -1 — -14
i X Thas— =IH30"] x [OH] =10

Kax Kb =

Kax Kp= 10" =K. thus : pKa+ pK» =14 a 25°C

Any (weak) acid/base pair in aqueous solution possesses a Ka constant less than

1 and a pKa greater than 0.

The stronger the base, the smaller its K, and the larger its pK, .
The weaker the base, the larger its K, and the smaller its pK,.
IV-3- Dissociation Coefficient :

The dissociation coefficient a of an acid or a base is defined as the ratio of

the concentration of the formed entity to the initial concentration.

Acid+ H,0 —base + H;0°  « =“’fe]
Base + Hb,O — Acid + OH" a =[accid]

o : Represents the percentage of dissociated acid or base, its value ranges between

0 and 1.

0<a<1
- If a =1 dissociation is complete, and both the acid and the base are strong.
- If a <1 dissociation is partial, and both the acid and the base are weak.

- If o =0 the reaction does not occur.

Consider the equilibrium: Acid + H,O === base + H;0"
t=0 Co 0 0
teq  Co(l -a) Coa Coa

The expression for the acidity constant K, becomes:
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o= [Base][H30%]  COax COx
a [Acid] ~ CO(1- )
Ca?
k.=
" 1-a

IV-4- The Relationship between pH and pKa: (Henderson-Hasselbalch

equation)
Consider the reaction: Acid: Acid + H,O === base + H;O"
t=0 Cy 0 0
teq Co(1 -0) Coa Coa
} . .1 _ [Basel[H307]
According to the K, equation : k,= lacdl
[Acid]Ka
[H30%] = [lese] and pH=-log[H;0%]
o [Acid]Ka [Acid]
pH = -log Base] = -logKa - log[ =
Thus, we obtain:
[Base]
pH = pKa + log[ Acid]
[Base] (pH-pKa
[Acid]
Example:
) [HCOO-]
HCOOH + H,0 == HCOO" + H;0" PH = pKa + log oo
) [CH3NH2]
CH:NH;+ H,0 = CH:;NH; + OH PH = pKa + logromin s

Dominance of acidic and basic forms:

[Base]

»If pH <pKa so log[Basek 0, Tiad

( !
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[Base] [Base] e e . . .
»If pH >pKa so log [Acid]> \ [Acid]> 1 indicating dominance of the acid.
_ [Base] _ [Base] _ e e . .
»If pH = pKa so log[Acid] =0, Tacidl 1 indicating equivalence.

IV-5- pH of Aqueous Solutions:

The goal is to establish simple relationships for calculating pH. These
relationships require certain approximations, and therefore their validity is
generally limited to diluted solutions. These relationships can be used with

minimal errors.
IV-6- Solution of a strong acid:

A strong acid with concentration Ca is also completely dissociated in water.
a/ Monoprotic acid case :
AH+H:0 — A +H3O"
t=0 C, 0 0
te 0 C. G
The dissociation is complete: [H;0"] = [AH] = C..
pH= -log [H;0"] = pH= -logC,
pH = -log Ca
b/ Diprotic acid case :

AH: +2H0 — A? +2H30"

t=0 Ca 0 0

te 0 Ca 2C,

The dissociation is complete: [H;0"] = 2[AH] = 2C..
pH= -log [H;0"] =pH=-log 2C,

pH =-log 2C.

I'V-7- Solution of a strong base:
A strong base with concentration C, is also completely dissociated in water.

a/ Monobasic case:

( )|
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B + HO0 — BH" + OH Example: NaOH — Na" +

OH"

t=0 Gy 0 0

teq 0 Cop Co

The dissociation is complete [OH] = [B] = C,
[H;0™] ?

ke = [H;0*] [OH] = 10"

ke 10714 10714
[OH™] [OH™] Cp

[H:0"] =

10—14—
Cb

pH= -log [H;0"] =-log

pH =14 + log C»

b/ Dibasic case:

B + 2H:0 — BH* +20H" Example: Ca(OH), —Ca’" +2 OH
t=0 G, 0 0
te 0 Co Co
The dissociation is complete [OH] = [B] =2C,
[H30]?

ke = [H;0] [OH] = 10

ke _10—14 _10—14
OH-] [OH™] 2Cp

[H;0"] = [
pH =14 +log 2C»
I'V-8- Solution of a weak acid:

RCOOH + H20 ==RCOO" +H;0"
t=0 Gy 0 0
te Cy (1-0) Cha Cva

The dissociation is partial, it involves an equilibrium.

To retrieve the pH expression, we need to write the following equations:

[H30][A7]

» Law of Mass Action: ka =
[HA]
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» Ionic Product of Water: k. = [H:0*] [OH] =10

» Electro-neutrality of the solution:[H;O0"| = [A"] + [OH]
» Conservation of the species A during dissociation:

Ca = [HA] remaining + [A’] formed

» Approximations:

a/ Nature of the medium: the medium is acidic, so we neglect the concentration

of OH  1ons.

=>Electroneutrality : [Hz:0"] = [A7]

b/ Acid nature: the acid is weakly dissociated. We can neglect:
—>[A] <<< [HA]
—> Conservation C = [HA]

Taking into account all these approximations, we can write:

_ [H50*][A7] _ [H30*]2
a7 HA] 00 C
+12
k=L [H;07] = (kox C)'?

pH= -log [H;0"] = -log (k.x C)?
1 1
pH= 5 pKa - 5 logC

IV-9- Solution of a weak base:

The reasoning is analogous, this time we have:

B + H20 == BH*+ OH"
t=0 Gy 0 0
tr Co (1 —Ot) Coa  GCyo

—
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The dissociation is partial, involving an equilibrium.
To retrieve the pH expression, we need to write the following equations:

[BHT][OH ]
[B]

» Ionic Product of Water:k. = [H:0*] [OH] =10
» Electro-neutrality of the solution:|OH’|= [BH'] + [H30"]

» Law of Mass Action:kp =

» Conservation of species B during dissociation:
Ch= [B]remaining + [BH+]f0rmed

» Approximations:

a/ Nature of the medium: the medium is basic, so we neglect the concentration

of H3O" ions.

=>Electroneutrality : [BH"]= [OH]

b/ Base nature: the base is weakly dissociated. We can neglect:
—> [BH']<<< [B]
——> Conservation C = [B]

Taking into account all these approximations, we can write:

_ [BHT][OH™] _ [OH™J? 12 _
ky = 5] == [OH]* =k, C

[OH] = (ky €)'

ke = [H30"] [OH] = 10" et K, x Ky= 10"

1
/2
H O+ — Ke — Kel — Kel — keka
0= G ™ deom (ke /2 e
kekas /2
[H:0'] = (=29

—
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1 1

/ /
pH = -log [H;0"] = —log (%) ? —> -log [H;0"] = —log (%) ?

pH= %[14 + Pk, + log C]
pH =7+ Pki+-log C

IV-10- Solution of a diluted strong acid :
Consider a hydrochloric acid solution with [HCI] = 10*M/L
pH = -log [H3;0"] = -log C = -log 10® thus pH = 8

This is a pH > 7 a basic pH ? This result does not correspond to the nature of the

medium. Therefore, we must conside:

*[H3O+]t0tal = [H3O+]a cid T [H3O+]water and [Cl_] = [HCl] =C
*ke = [H3O+]total X[OH_]

*¥Cizi =0, [CIT + [OHT] = [H30 Jotal

ke

- — +
[Cl] + [H3O+]total [H3O ]total
10—14- B +
304700 L1O o

We will solve the 2" degree equation( the quadratic equation):

C[H3O+]total + 10_14 = [H3O+]2total
[H3O+]2total -C [H3O+]total'10_l4: 0
thotal -C X'10_14= 0
We calculate the discriminant A = b? -4ac which results in x; = [H;0]
Xy = [H30+]

pH = -log [H;0"]
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IV-11- Solution of a diluted strong base:

Let's consider a solution of sodium hydroxide with a concentration of
[NaOH]= 10°M/
pH =14 +log [OH] =14 +log C = 14 + log 10® donc pH = 5
This is a pH< 7 so an acidic pH ? This doesn't match the nature of the solution.
Hence, we need to consider the following factors:
* [OH Jotat = [OH Jacia + [OH Jwwater and [Na'] = [NaOH] =C
*Ke = [OH Jiota X[H30™]
*2Cizi=0, [Na']+[H;0"] = [OH Jial

ke

[Cl-] + m = [OH_]total
10—14—
C +m = [OH Jsotal

We will solve the 2™ degree equation( the quadratic equation):

C[OH Jiotat + 10'* = [OH Pota

[OH Jiotal - C [OH Jiotar-107"*= 0

thotal -C X'10_14: 0
We calculate the discriminant A = b? -4ac which gives x; = [OH] and x, = [OH]
pH = 14 +log [OH']
IV-12- Solution of a diacid:

The 1onization of a diacid occurs in two steps, resulting in the following

equilibrium in solution:

2H,0 === 1‘130+ +OH
(1) H,A + H,0 === HA" + H;0" with acidity constant k,;
(2) HA"+ H,0 === A? + H30" with acidity constant k,,
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Usually, ko< ki or Pk,p>Pka;

ke = [H;0"][OH] = 10" 4or ke =k, ko

+ +1[A2-
K. _[H30 ][HA],k212 [H307][A°7]
[H2A] [HAT]

[H;0"]=[OH] + [HA] + 2[A*]
C =[HA] + [HA] +[A%]

Approximation : the environment is acidic=> so we can neglect the concentration

of OH" ions
Hence : [H30'] = [HA] + 2[A?]
Nature of the acid is usually ko<<<k;<<<'1
[A*]<<<[HAJ<<[H:A], C=[HA]
Taking [A*] =0 is equivalent to treating H,A as a monoacid.

Numerical Application:

Let's determine the concentrations of different species in a solution of H,S

hydrogen sulfide with an initial molarity of 0,1 M = C, given k; = 107, k, = 10715

1°- Write the Equilibrium Equations:
2H,0=> H3;0"+ OH"

H,S + H,0 => HS + H;0k; =107
HS +H,0 => S*+H;0'k,=10"

I 12—
[H3O0"][HS™] _ 10_7’ K, _[H307][s*7]
[H2S] [HS™]

2°- Electroneutrality of the solution:

[H3;0%] = [OH] + [HS] + 2[S*]

—
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Conservation of S:
C=0,1 = [H,S] +[HS]+[S*]

Approximation : Considering an acidic environment, we can neglect [OH]

=>[H;0"] = [HS] + 2[S*]
k,<<< k;<<<C,
10-1<<< 107<<<10'=>we can neglect[S*]

[H:0°] = [HS],Co = 10! = [H,S]

[H30%]%_

Co

Kk, = > [H30"]* =k, Co=> [H30™]= (ki Co) "

[H;0']= (10710°)12= (10°%)12 = 10“=>[HS"] = 10"

4 ke 107 4
[OH]_[H30+] 104 =10
+1rq2-
ks = 10715 LR0IE 52 10-15<<<10°

V- Discussion of these relationships:

1/ All of these relationships can be deduced from the OSTWALD relation.

_ C2a? . 1 — (2,2
k=g [H:07=Cl
_ [H30+]2 +1
k= oo 0" =Vk,C(1 — )

If the acid is weak, then it is poorly dissociated a<<<1
|:{>[H3O+] = (ka C)l/2
2/ We can derive from the OSTWALD's law

Ca? k, o?
ka = - -2 =
1-«a C 1-a
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X X ) k
The value of a is a direct function of ?a

When [H307] is much smaller than C [H;0"]<<<C

—> o is no longer small, thus o must be determined by solving a quadratic

equation.

Co?+kiat+k,=0

a, o’ o>0

Co?+kyo-k,=0

o> 0: [H;O']—> =aC

Experimentally, a is considered negligible.

* Acid-base equilibrium resolution :
Let's consider, for example, a weak acid HA.
1- Write the dissociation equilibrium:
HA+H,O === A +H;30"

We must consider the autoionisation of water.
H,O + H, O =——=> H;0"+ OH"
We have four unknowns [HA], [A], [H;O], [OH]

A system of 4 equations.

[H30*][A7]

a/ Law of mass action: k, =
[HA]

b/ Water's ionic product: k. = [H;0"] [OH]=10"*  and k.kv= k.

¢/ Electroneutrality of the solution: }}; it =Y;i"or ZCizi= 0

( )|
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Note :

It should be noted that an ion carrying a charge n+ or n-" contributes n times its

concentration to the overall charge.
[H;O"]=[A]+[OH]

d/ Conservation of the species: (Acid /Base)
C=[HA] +[AT]

2-Approximations :

a/ If the medium is acidic, we can neglect the OH™ ions; if it is basic, we can

neglect the H;O" ions.
b/ acid or base) weak a<<< 1 we can neglect [A’] compared to [HA].

3-Express all the unknowns in terms of [HzO"]:

k

Let solvent [OH'] = g T
3

[H;O0"]=[AT+ [OH]=—=> [A]=[H;07]-[OH]

Ke

A= [H:0"] 67

C=[HA]+[A]

[HA]=C - [AT]

_ + Ke
[HA]=C - [H:0°] 75

.1 [H30%][A7]
Equilibrium : ka——[HA]

" [H30+]([H30+]—[“k%¢1)

ke
[H30+])

(C-[H30%]+

—

]
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k, is a 3"-degree equation in terms of [H;O"].
For a diacid, we are dealing with a 5™-degree equation.
For a triacid, we are dealing with a 7"-degree equation.

4-Simplification:

Ke

-
Compare the value of [H;07] with 0]

When the medium is acidic: Meaning when [H;0*]> 10

ke 10714 108
[Hz0*t] 1076

[Hkg 7 can be neglected compared to [H30"] (1%).
3
PH < 6: ko = 89 ond_georee equation

"T% C—[H30%] ° & 9 '

[H;0"] *+ k, [H;0"] =k, C= 0;[H;0]> 0
If [H;0"]<< C

+12
Weak acid =k, = %

k, C= [H:0"P=>[H:0"] = (k, O)'"

VI- pH of Acid mixtures in solution:
VI-1- Mixture of two strong monoprotic acids:

Consider two strong monoprotic acids (AjH, A,H), with respective
concentrationsC; and C,. In the solution, we have [H;O"]= C, + C,, and the pH
of the solution is given by :

pH = -log[H;0"]
pH =-log (Ci1 + )
VI-1-1-Mixture of a weak monoprotic acid and a strong monoprotic acid:

HA: weak acid, C, k.00
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+ —_
HA+H0 === A +H;0" chemical equilibrium, hence: k, = [H3FH,L]\5A ]

If the weak acid were alone in the solution, we would have:

[H30"] =Vk,C,pH = %pKa - % log C

H;0% VKa xC k

Oy =

HA’ Strong acid with concentration C* o’
HA’ +H,O —> A +H;0"

9

The strong acid HA introduces a concentration of ions [H;0] = C

Thus, the concentration C' is higher than the concentration of the weak acid,

greater than a0C

According to the law of mass action
HA+H,0 == A +H3;0O"
HA’+H,0 — A+ H3;0"

There is a reduction in ionisation of the weak acid (equilibrium), so the

equilibrium is shifted to the left=> decrease in [A-] and increase in [HA].

a<oy the ionised fraction a of the strong acid is smaller than the ionised fraction

of the weak acid
[H;O]=C"; [HA]=C

[A-]_[A7] _ [H30*][A7]

[ — + — — s

[HA]

X, K
(l():\/l%:>(l()2:?a => ka=0c02C

( ]
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oc(z)C

ka=0C’ =0¢’C 0=
a< 0 as C’ <1 => reduction

By hypothesis: C, C’ are roughly of the same order.
—0p<<<1~2%=>0,02 <<<1

Thus, the addition of a strong acid to a weak acid causes a reduction in its

ionization:
Example : k,=10°® C=C’=10? umol /1
Af[H;0%]p = 10 PH=4 oo = 102a<oy }
[H;0"] =10 PH=2 a=10"*
VI-1-2- Mixture of an acid and its conjugate base in any proportions:

Consider a solution of a pure acid or a mixture with a metal salt (MA) that

provides the conjugate base of the acid.

HA C,
AM G,
HA + H,0 === A +H;0" (a)
A +H,0 === HA+OH (b)

There is a reduction in ionization in (a), leading to the reformation of the acid =>

decrease in the acid's strength.

Co=[HA]; G =[AT]

A

Apply the law of mass action: k, = %
= HAL, Gy 1 =Ca

[H307] e ka cbka[H3O ] Cbka
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pH = -log[H;0"] = -log (E—aka)
b

pH =-log (&ka) =>pH =pka - log G
Cb Cb

HENDERSON and HASSEL BALCH Relation:

[base]

pH = pka + log acid]

Note: C,= Cy, so pH = Pka

VI-1-3- Equimolar mixture of 2 weak acid / base pairs:

Let's consider a weak acid HA/A™ with acidity constant kal
And a weak base BH'/B with acidity constant ka2
Equilibrium : HA + H5,0—> A&Hgo+ ka;

B N0 => BH¥H0  ka
Equimolar mixture, thus equal number of moles.

——> HA +BA +BH"

Kk _[H30*][A7] . _[H307][B]
al [HA] s Ka2 [BH*]
_ [H30*][A"Y[H307][B] /
Kar ko= Ay [BHL
Since the mixture is equimolar: [HA] [A’] = [BH'] [B]

x moles ; x moles
kik, = [H;0']? =>[H;07] = (kaika,)"?
pH = -log[H;07] = -log (k k)"

pH = - log (ka kay)!? pH= % (Pka; + Pkay)
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pH= % pKai + % pKa:

This relation is particularly interesting in the case of an amphoteric substance
(ampholyte) like (H,PO4), because it acts as both an acid and a base. This ion

simultaneously undergoes ionisation to give H,PO4 and hydrolysis to give H;PO4

VII- Colored Indicators:

A colored indicator (In. C) is an acid/base couple with different colors for
its acidic and basic forms. These are organic molecules containing one or more

benzene rings and protonatable hydrogen atoms.
Example : HELIANTHINE (Methyle-Orange)

CH, N < > 5&0
Datai-A.

acidic form (erange)

+H,0 ——> HCI-SO3; + H30"basic form (yellow)

In general, their reactions are as follows:
H-In + H2O === In + H3O0"

o Ifthe pH is low (A-F), then [H30+] is high, leading to the disappearance
of the stronger species, idirection 2 acidic form, orange color.
 If the pH is high (basic conditions), with low [H30"], direction 1 ,tends

toward its basic form and a yellow color.
Note :

The H-In /In- pair constantly coexist in the solution, causing a color change
whenever the pH of the solution varies. There is a pH value at which both forms

exist at nearly equal concentrations.

For a specific pH, an intermediate color, called the transition color, is observed.
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[In-H] > 10[In]: acidic form.
[In] > 10[In-H]: basic form.

If we call k; the acidity constant of this indicator to have the acidic color, we are
obliged to [In-H] > 10[In"]

=>k; < [H307] k= [H30*][In"]
= 10 [In—H]

For the basic color, must be [In] > 10 [In-H]
k> 10 [H;0']

pH<pki—1

pH >pk; + 1 so: Pki—1<PH<Pki+1

The transition range (color change range) theoretically extends over 2 pH units.

= 5 P
- basic colour [In’] > 10 [In- H]

p@ / “O{“é{'/‘ﬂWW/ﬂ;/ Transition
I

acidic colour [In-H] > 10[In"]

Name(indicator) Transition range | Range | Acidic(acid | Basic(base
colour) colour)

Thymol Blue | 1,2-2,8 1,6 Red Yellow

Helianthine Methyl | 3,1 — 4,4 1,3 Orange Yellow

Red 42-6,2 2,0 Red Yellow

Phenolphthalein 8,0-9,9 1,9 Colorless Pink-violet

9,3-10,5 1,2 Colorless Blue
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Thymolphthalein 10,1 -12 1,9 Yellow Red

Alizarin Yellow

VIII- Acid-base neutralization reactions:

When a solution of acid HA is mixed with a solution of base B, the H30"

1ons and OH- ions react with each other to form water and a salt.
=> This is a neutralisation reaction.

Acie + base ——=> salt + water
HA +H,0 —» H;0"+ A"
B+H,O0O — BH"+OH
H;0"+ OH=== 2H,0
If [H;0"] = [OH"] it is said that the neutralisation is complete, and the equivalence

point is reached.

If the pH of the mixture (Acid + Base) is measured, the pH increases slightly
because the concentration of the acid Ca.g. decreases due to dilution. There is a

reaction between the H30" ions from the Acid and the OH™ ions from the Base.
The reaction will continue until the equivalence point [H;0*] = [OH].

Experimentally, a sudden change in pH is observed when the equivalence point is

reached, at which point there is an excess of strong base.
The following cases are distinguished:

Neutralisation of a strong acid by a strong base.
Neutralisation of a strong base by a strong acid.

Neutralisation of a weak acid by a strong base.

o Y s R N o |

Neutralisation of a weak base by a strong acid.
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0 Neutralisation of a weak acid by a weak base.

VIII-1- Titration of a strong acid with a strong base:

-

f#——— baurette gradutc

|||||||l||
A

sobution de base B
S T

R
pH-mésre E

_, 4

|
™,
| tlectrade
- Saohutzon Jacsde HA
1 - | [ contenant WL d'acide
----------------- —
} barrean aimaté —

1
o |— agnateur magnésigae
0 Vo Vease s

100

Initially, a strong acid alone :

PH = -log C ,;

AF

| »
I - - .
[OH P [HsO"] 9,9 [rrm A 4 R i Basic
l’hmmluhmlcil}f’ | YELLOW
8 Ll Ll Ll L L Ll gf i L
- — 4 / [HyO"] = [OH)
rdi.4 Iy 4 .' —————r g ',lll Y 177 1 (’)'R,\.\'GF T & o neUtral
Helhauthine F [
[HO™] >[OH] | 3.1 / Il Acid
slog C 3 > v
Vb .

volume of strong base added

a- Before the addition of B: V,=0 with V,, being the volume of the base

added at each moment.
In a strong acidic medium: pH = - log [H;0'] = - log C,
b- Upon addition and before neutralisation: 0 <V,< Vn
Vi is the volume of the base required for neutralisation.

Ca Va> Cbe thus nH30+ > NoH-

nH3O+ = CaVa — Cbe

—
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C,V. — CpV, C,V. — CpV
[H;07] = 22 bb=>pH=—logaa b’b
Va+ W Va+ W

c- At neutralisation: Vy, = Vn
[H307][OH™] = 10~ 14C, V, = C,Cy

107"M

nH3o+ = Ngyg- => [H30+] = [OH_] = => pH =7

The solution contains a salt that originates from a strong acid and a strong base,

resulting in a neutral substance (non-hydrolyzable salt).

d-After neutralisation:Vy> V the base is in excess

CyVp>CaV, donc Noy- > Ny, o+
NoH;,,.., = CbVb — CaVa
CyV, — C,V. CyV, — C,V.
[OHT] = b’b 2 2pH= 14 +log bb 22
Va+Vy Vo +Vy

VIII-2- Titration of a weak acid with a strong base:

pH
A
14
E
7 K
1 2 3 4

0 -r:Lclsodiurn
hydroxide
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L graduated burette
:r
E‘ basic solution B
: 4
C]_ pH_meter
= N

electrode —— solution of 3cid HA
| containing Va mi of acd

skbar: B .;— ' )
e g #—f— Magnetic stirrer
— =
HA +H,O0 ==== H;0"+ A- Partial dissociation.

B+H,0O — OH+BH" Complete dissociation.

a- Before adding the base: Vy, =0 with Vy, the volume of base added at each

moment.
In a weak acid medium so : pH = %pKa — %log C

b- Upon addition and before neutralisation: 0 <V»< Vn
Vn 1s the volume of base needed for neutralisation.

As long as the acid H;O™ is in excess, [H3;0"]>[OH], the pH is that of the mixture
of the acid HA and its conjugate base A".

Ca Va> Cbe
C,V. — GV,
I‘1H30+ = CaVa — CpVp => [H30+] = Vz TV,
_ Cp . [A7]
= + loo=8 = =7
pH = pk, logCA ; pH = pk, + log AH]

—
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PH ,
weak |
1(14+ Pka-logC) ¥
T T T ’
Phenplphraledny

Equivalance point

Helianthng

\ Vadded base
volume of base

- e — —— —
- ——

Acidic medium Basic medium

At half-equivalence :

At half-neutralisation, the volume of the added base is half the volume needed for

. . \%
complete neutralisationVy, = TN
C,V.
Cbe = az 2

This solution is known as a buffer solution, where the pH remains relatively stable

upon the addition of an acid or a base.

It's a mixture of a weak acid and its salt.
bF af Salt Water
NaOH + CH3;COOH ——» CH3CO00~Na* + H,0

[CH3COQT ]
[CH;COO ]

pH = pKa — log

At half-neutralisation[CH3CO0~] = [CH3COOH] => pH = pKa
At neutralisation: V, = Vn
Ca Va = Cbe

The formed salt (CH3COO-, Na+) is weakly basic, hydrolyzable salt.

—
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General Chemistry Chapter VIII The Acids and Bases

The hydroxide ions OH- neutralize the hydrogen ions H30O+ from the weak acid,
and the dissociation equilibrium proceeds in direction 1 until complete
neutralisation is achieved. This means reaching the equivalence point where

[H;0'] = [OH].

CH;COO™ + H,0 === CH3COOH + OH™ pH =38
1 1
pH=7+ EpKa + Elog Csalt

c- After neutralisation : V> Vn excess of the base.
In a basic environment, the pH> 7 C, V> C,V,
noy- = CpVp — C,V,

CpVp, — C,V.
[OH_]= bVb aVa
v, + Vy,

Upon addition and before neutralisation

pH = pKa + log% with [A7] = [RCOO~] and [AH] = [RCOOH |remaining

[A7] + Klﬁ_v] = M] + [BH*] ignoring the concentration of H30" and OH-

[BHY] = 2et[A] = 0
Va+Vy V,+Vy
[AH]res = [AH]O - [A_]
Cv, B C.v, _> [AH] — CaV, — CpWp
V+V, V +V, -V +V
a a a
CbV!
pH = pKa + logﬁpH = pKa + logcvcbfvcbbvb
S YT e

—
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VIII-3-Titration of a weak base by a strong acid :

L P graduated burette
.B"
- - basic solution B
2 3
- »
pKa=pH | — =7 — (| pH_meter E
x_ 5 :
| \ 7 M
| | ~~ ¥
| s s o 3 Secroge t w solution of acid HA
| | ‘—“ containing Va mi of acd
i Magnetic o |
H| o C e—
| i stir bar @ 2, o Magnetic stirrer
| a( mL)
0 ' >

a- Before addition : V. = 0 with V, is the volume of acid added at each

moment.

The pH of the medium is basic (weak).

1 1
pH=7 +§pKa + ElogCNHwH

b- Upon addition and before neutralisation: () < V.< Vn
Vi is the volume of base required for neutralisation.
CpyVi<(C, V,

PHmixture 18 that of the weak base.

PHmixture = ¥2 (14 + Pka + logﬁ)
[Base]

pH = pKa + log (Aci ]

_ [NH4OH] res
pH = pKa + log—[NHZ]

- /!
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