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Chapter Description

A Expected Outcome:

At the end of the lecture, the students should be able to
understand and solve the problems regarding on the heat,
enthalpy, exothermic and endothermic.

A References:

1) Stephen B. Barone. Introduction to general chemistry.
Blackwell Science.

2) James E. Bradry General Chemistry: Principles & Structure.
John Wiley.
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CONCEPT OF ENTHALPY
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AThe ability to do work

AUnits of energy
ASI Unit: Joule (J)

1J = 1 kghs?

AOIder unit: calorie (cal)
lcal = 4.184J
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Exothermic reaction

1 Enthalpy of products < Enthalpy of reactants
1 Heat is released from the system to the surroundings.
1 E.g: combustion, neutralization etc.

2H,(9) + Q(9) 240 + heat
CH(g) + 2Q(g) A CQ(g) + 2HO(@) + heat
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Energy profile diagram for exothermic reaction

I o03v b .NH 8-de0 b
(reactants) (product)
enthalpy A

A(Q) + B(a),

C(9) Reaction
____________ pathway

»
»
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Endothermic reaction

Enthalpyof products> enthalpyof reactants
Heat isabsorbed by the system from the surrounding
Eg.ice melting

Heat + HO(S) — 50()
heat + HO() A H,0(0)
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Enthalpy

Consider the following reaction:

I 030 b . 0 aH0= ve Ny [ 630
(reactants) (product)

C(9)

aqH = +ve

A(9) + B(9)

Reaction pathway
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Enthalphy

. The heat content or total energy in the system
. Commonly measured through heat change.

Examples: system undergoes combustion or
lonization.
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Enthalphy Change

U Heat given off or absorbed during a reaction
at constant pressure

Cc

A

Hinitial

1 -

Hinal
A Exothermic process B Endothermic process

AH <H

Enthalpy, H
Enthalpy, H

Hinitial

reactants A Hproducts> Hreactants

products
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Enthalphy of reaction and standard condition

- Enthalpy of reaction:

BThe enthalpy changeassociatedwith a
chemicaleaction

( NHreaction =1 i productc) flf reactant )
- Standard enthalpy, &eH U

BThe enthalpy change for a particular
reaction that occurs at 29&K and 1 atm
(standardstate)
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Types of Enthalpies

~ Enthalpy of formation

~ Enthalpy of combustion

~ Enthalpy of atomisation

~ Enthalpy neutralisation

~ Enthalpy hydration

~ Enthalpy solution (dissolution)
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Enthalphy formation

. The heat changed when 1 mole of a compound is
formed from its elements in their most stable state.

H 150 = -286 kJ
Pt A kel D= DH

. The standard enthalpy of formation of any element in
Its most stable state form is zero.

E.Q. :-
I_lf(oz (g) ) - O Thermochemistr
H f(CIZ (g)) — O ‘@@@@ by Aini Norhlday);h
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Enthalphy combustion

The heat released when 1 mole of substance Is
burned completely in excess oxygen.

Ch(g) +2Q(g) A CQ(g) + 2HOQE) DH =DH;opmp,
GHiol) +13/2 Q(g) A 4CQ(9) + 5HO()  DH=DH,y,
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Enthalphy automization

. The heat absorbed when 1 mole of gaseous
atoms Is formed from its element

. DH, Is always positive because it involves only
breaking of bonds

- E.Q:-
Nag) 72- Nag, DH_, = +109 kJ
72Cly gy ¥2-  Clg DH_, = +123 kJ

Thermochemistry

‘@ ®®@ by Aini Norhidayah
http://ocw.ump.edu.my/course/view.php?id=479




Neutralization enthalphy

- The heat released when 1 mole of water, H,O Is

formed from the neutralization of acid and
base.

- E.Q:-
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Hydration enthalphy

. The heat released when 1 mole of gaseous ions
IS hydrated in water.

CI_(g) 1/2 - CI_(aq) Dthd - - 363 k\J
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Solution enthalphy

1 The heat changed when 1 mole of a substance
IS dissolves in water.

- E.Q:
KClg %2~ Ktag* Clpg  DHggn = +690 kJ
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AStandard enthalpy of reaction

AThe enthalpy change of a reaction carried
out at standard states (lhtm, 25°C)

2 standard
states

(0

AH

Thermochemistry

@@@@ by Aini Norhidayah
TEEET  http://ocw.ump.edu.my/course/view.php?id=479




Thermochemical equation

91 Shows the enthalpy changes.
E.g: H,O H,O0,  H = +6.01kJ

11 mole of H,O, is formed from 1 mole of H,O,
at 0°C, H is +6.01 kJ

T However, when 1 mole of H,O is formed from 1 mole of H,O,, the
magnitude of H remains the same but with the opposite sign of it.

H,O Og H H= 6.01kJ
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CALORIMETRY

C Examples of calorimeter
Y Simple calorimeter
Y Bomb calorimeter

¢ A method used in the laboratory to measure the heat
change of a reaction.
C Apparatus used is known as the calorimeter
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Constantpressure calorimeter

Cogynglt © The MoGran a8 Comuarsen. o Pormumsion reguared e repeOoucion o dagley

O

Stirrer Thermometer

Aconstantpressure
calorimeter
— (simple calorimeter)

Styrofoam
cups
(insulation)

r

|
e-““
\

\

\‘V

Water
(surroundings)

Sample
(system)

Thermochemistry

(cc) (§)&)(O)| by Aini Norhidayah
BY _NC__SA http://ocw.ump.edu.my/course/view.php?id=479
B T




Bombcalorimeter

Copyright © The McGraw-Hil Companies, Inc. Permission requied for feproduction of display.

Electrical [t A Motorized
source 4 AN stirrer
i~ Thermometer ,
Aconstanivolume
calorimeter
(bomb calorimeter)
System
(combustible
substance and
compressed
oxygem\ ‘
' o~ Cutaway of
Cutaway of ‘ insulated jacket
A= w, Water bath
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ConstantPressureGalortmeier

Thermometer

The outer Styrofoamcup insulate
Stirrer the reaction mixture from the
surroundings(it is assumedthat
no heat iIs Ilost to the
surroundings)

Heat release by the reaction is
absorbed by solution and the
calorimeter

Styrofoam cups

Reaction — 7
mixture
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ConstantVolume Calorimeter

Thermometer

Stirrer Electrical
connections
to ignition

Insulated 7
container
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. Specific heat capacity, c

Is the amount of heat required to raise the
temperatureof one gram of the substanceoy
onedegreeCelsius(Jg-1 C-1).

. Heat capacity, C

Is the amount of heat required to raise the
temperature of a given quantity of the
substancéy onedegreeCelsius(J C-1)
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Basic principle in calorimeter

Heat released Heat absorbed
by surroundings
L (calorimeter+water
w Surroundings may refer to the:

I. Calorimeter itself or;
1. The water and calorimeter

= mGnT or QT

qreaction_
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Heat absorbed b

Heat released y []
reaction calorimeter+wate

g = heat released by réaction
mw= mass of water

Gv= specific heat capacity for water
G = heat capacity for calorimeter
k¢ I GSYLISNY Od
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Hess s Law states that when
to products, the change in enthalpy is the same
whether the reaction takes place in one step or in the
series of steps.
. The enthalpy change depends only on the initial and

final states of the reactants and products but is
iIndependent of the path taken.

e H,
A , B

e H, aeH,

C Thermochemistry
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He s s 0-susirig @ methods

Algebraic Energy cycle
method method
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Algebraic method

QUESTION :
Given the following enthalpies of reaction,

C(S) + OZ(Q) —_— COZ(Q) |'|= - 393 kJ
Hz(g) + 1/202 —_— Hzo(g) H = 286 k\]
C2H6(g) + 7/202(9) -_— 2C02(g)+ 3H20(g) H 't560k\]

Calculate the enthalpy formation foCZHﬁ(g)
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Step 1

List all the thermochemical equations involved

C T Oy > COy H -893kJ
Hy ) + 1/20, >H,0, H =286 kJ
C2H6(g) + 7I202(g) 2C02(g)+ 3H20(g) H -E560kJ
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Energy Cycle Method

Draw the energy cycle and apply He s sLawsto
calculate the unknown value.

AH?®
2C(s) + 3H (0) » C,Hs(0)
AH 3 = 3(-286) kJ A
AHS 20,(9) 312 0,(0)

712 0,(9)
AHS = - (-1560)
kJ

= 2(-393) kJ

v v

2C0O, (9) + 3H,0(9)
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Enthalpy Formation

H;

2 ¢)+B( H,) +°% |H

=-786-858+1560
=-84 kdmot
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