rﬁchemtstrg Notes — [# ygom—————u_
ayab C les M Year —
APTER ~———_ Thermochemisiry- 373

———

e ———

THERMOCHEMISTRY

e e e

T Define the Followmy po——
QI Define the Followmg terms: Thermochcmistry, joul, calori, exo-

thermic  reactions, endothermic reactions, system
boundaries of the system-

surrounding and

[IB Thermochemistry: (ETEA: 2005)

“The branch of chemistry which deals With the study of amount of

heat evolved or absorbed during a chemical reaction is called thermo-
chemistry-”

Joul:

The 51 unit of enerqy is joul" “The energy expended i/./hen one Newton
force, displaces a body through one meter is called one joul energy-”
b ‘ ‘ | _ _ | “
One calori is the amount of heat, energy needed to raise the temper-
ature of one gram of water from 7450’ - 75-5¢° |
7 Cal = 418 joul e |
IK-Cal = 7000 Cal
Thermochemical Reactions:
“Chemical reactions duriné which heat is either ’.eVOIVed. or absorbed are
called thermochemical reactions:” Thermochemical reactions are of two
types: |
I+ Exothermic reactions
2+ Endothermic reactions
I: Exothermic Reaction:
“Exo = outside, therm o heat”
“Chemical reactions during which heat is given out are called exother-
Mic reactions-” The released energy is represented by negative sign-

Examples: :

=4 ples: 7
S5+0, —— 50, AH = <2366
N, v Sl e 2N, AH = -92-3K)

N —— - . |
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During exothermic ‘reactions efergy is. relaased because: the bonds jp
reactant molecules are broken: an
formed to form product molecules: For example; burning of methane
gas [CH,] in the presence of oxygen, produces water, carbon dioxide
and energy- During this reaction old existing bonds in CH, and O, mo-
lecules are broken which needs energy [endothermic reaction] and new
bonds are formed between hydrogen and oxygen to make water, and
between carbon and oxygen to make carbon dioxide- This is exothermic
reaction- In exothermic reactions the total energy of the products is i
less than the total energy of the reactants so products formed are 4

stable-
CH, + 20, — co, + 2H,0 AH = -890-3Kj

Endothermic_Reactions:
“Endo” mean “inside” and "therm’ means “heat”
“Chemical reactions during which heat is absorbed from the surrounding

are called endothermic reactions:" The absorbed heat is represented by

positive sing, AH = +ive:

Examples:
N, + 0, — 2NO AH = 285:5Kj
H, + 1, —— 2HI AH = 530Kj
System:
“f material or collection of materials which is under study is called a
system*"” (OR)

“Any part of the universe which is understudy is called system-”

Surrounding:
“Everything outside the system is called surrounding-”

Boundary of the System:
“The surface Which separate, the system from surrounding is called

boundary of the system-’

For Example:

If boiling water in a beaker is under observations, then boiling water i
the system, beaker and the heat source is surrounding: Consider the
reaction between NaCl and AgNO, solution, which can be called a sY5~

d hew. bonds between atoms are



— Y

gem under obServation~ 7710 ﬁgrsk
/\/aCI(a + AgNO
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rmrl thc air are tha surroundings-
3(eq) T A 96/ + NaNO

i
Surroundings m
[}

System

3 (aq)

Energy out of system to
surrdundings: -sign

Energy into system
from surroundings: +sign

The system and surrounding

Thermodynamics:

“The study of flow of heat or any other form of energy into or out
of the system is called thermodynamics-”

Q2: Explain the following terms: state of the system, state function,
path function and internal energy of the system-

s State of the 5gstem.
(ETEA: 20713,77, 79 BISE Mardan + Bannu 2078 p,

“The condition of a system is called state of a system-” For example:
the properties such as temperature, pressure and volume describe the
state of a system- There are two types of state;

7= Initial state ‘

2+ Final state
L—”’”’W\Sﬂg: “The state of a system before a change has taken
Place s called initial state-
2'@a/ State: “The state of a system after it undergoes any change
s called final state of the SlijGM'" |
The difference between the initial and final state of a system is called
thange in state and is denoted / represented by delta [A]-

Change in state = Final state — Initial state

Change in temperature = AT=T,-T,

Change in volume = AV = Va ~ V,
= AP= B - P

Change in pressure =

St“f?e Function: (BISE Bannu 2015)

w“op/c property of the systerm which depends upon initial and

o

”

1
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Gnal states of a system and is independent of the path followed by
the systém is called state function” For example; temperature, pres-
sure, volume and enthalpy-

Change in temperature = AT = 7= &

Change in pressure = AP = Py ~ P | ;
Change.in volume = AUV =V, - VY | . .-
Change in enthalpy = AH = H, - H,
Change in energy = AE = E; ~ E
Path Function / Exact Function:
“Properties of the system which depends upon the path followed by
the system are called path functions / exact functions:” Example are:

heat and work done-

Actually these are not the properties of a. system but simply
represent mode of transfer of heat from the system to the surround-
ing and vice versa: Thus heat and work depend on the manner in which
their change is brought about and are not state functions:

Internal Enerqy: ,

Interrial enerqy is a definite enerqy contained by a,.syét%em- Internal
energy is the sum.of Kinetic energy and potential energy of all the
particles of a system- Internal energy depends on the motion of the
molecules such as translational, vibrational and rotational, their inter-
molecular and intra-molecular forces: Energy of the system changes be-
cause energy is transferred into or out of the system-

Internal Energy of the System [ncreases when:
7+ Heat is added to the system

2 Work is done on the system by the surrounding

Internal Enerqy of the System Decreases when:

7- UWhen a system . —]
3 . ¢
loses heat to the W ' [ '
, == LW ] =
surrounding 0,
o
2 System do work o ©° é ‘ %o
. © 000000 ' °o
on the surrounding o g 0998 A | o0 o0
» : 0%0° Yo [S—
[Work done on the system) [Work done by the systeh]-
- T —a/
J—
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The two ways of 77— - = =
transterring energy AE = E,.E,
from the system o By

. State 1 %
the surroundings and ) v\ \_/ b
from the surrounding |__ |

the syste -
o0 ysvemn are heat and work (e cannot determine /' measure

the exact intemgl energy (E) of the system but change in internal
energy (AE) can be determined exXperimentally- Internal energy is a

sbate function and depends on, initial and final states of the system-

AE = Eﬁﬂﬂ/ - Einitial

NE = E5" = E | .
An increase in internal energy of a chemical system has three possible
results: ~ |

I Increase in internal energy of a system can increase the tempera-
ture of the system by increasing the kinetic -enerqy of molecules:

2+ Increase in internal enerqy can result in a chemical reaction- When
increase in internal energy s sufficient to break the bonds, a
chemical reaction takes place- ‘ '

3 Increase in internal energy of a system can result in phase change
of a system- For example melting and evaporation can occurs-

| Q3: State and explain T° law of thermodynamics-

7t Law of Thermodynamics: (ETEA: 2013,75,18)

Josiah  Willard Gibbs in 1873, on the basis of experimental work,

stated the ¢ law of thermodynamics- It is simply the law of conser-

vation of enerqy, and can be stated in a number of ways-

I Energy of the universe remains constant: |

2+ Total energy of the systelm and surrounding always remains con-
stant- | :

3 Energy can neither be ‘created nor destroyed, although it can be
changed from one form to another form [universe = system +

surrounding]-
Explanation: _ o
An electric bulb converts electric enerqy into light energy- The poten-
tial enerqy of the falling ball is converted into kinetic enerqy-

Energy is exchanged betweerl the system and surroundings in the form
of heat and work- A system may lose energy to the surroundings in

e .
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the form of heat and at the same time, the same amount of energy

.
is absorbed by the surroundmgs Hence the amount of energy lost by
the system is equal to the energy gained by the surroundings:

Lets consider the gaseous system, having gas in a ¢y~
linder- The cylinder has a moveable piston- The inter-

nal enerqy of the system is “E"+ The heat “q” is é
supplied to the system / gas: The internal energy of .
the system becomes “E,” change in internal energy is R
ngen as, Sy B0 E Lol il 4 d>
AE = E, - E - e

Consrdcr an amount of heat “q” is 9amed by a sys- ]

tem- Thzs heat changes - the internal -enerqy . and also perFarms some

work (w), against the surroundings: /Vlathemat/cally, o

Thc 7“b law aﬁﬁhermodynam/cs can be wr/tten as,

SAE+w o (i)

OR AE q-w_____ (D) |

Equat:on (1) shows that, change in internal energy of a- system is the .
____sum of the heat exchanged “q”. between the system and the sur-.

rounding and the work done “w” on / by the system

Sign_Conventions for Work and Hea

. Process .~ ~ - 5i9n7
‘Work done by the system on the. surroundmg W = -jve
Work done on the system by the surrounding S w o= Hive

Heat absorbed by the system from the surrounding | q = +ive
Heat absorbed by the surrounding from the system | q = -ive

i e

(OR) | .
g " E [ ‘
w = ive when work is done by the i
system i A Work done
'7,/"’/ to t
w = +tive when work is done on the ' i
/ .
A . -
systerm ) - n
g = -ive when system evolve heat E clntemal energy, ] 9 )
) ) 7‘ g ontained in system)]
g = +ive when heat is added to the | 'y Heat given off
. by system
system- ‘ 3
Work done 2
The 7% law of bhermodynam/c states | RpspIE
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{:hﬂfh the change i internal encrgy for {;,lw sysv‘:em (AE) is equa/ to

the amount of heat (q) provided o the sysf:em rmnus the amount of
work dmm (w) by the system- ‘

E Explain pressure - volume work or prove that w = PAV

m Pressure -~ Volume Work: (ETEA: 2070)
“The only type of work in thermody-

namics is the work of expansion or | () {
- pressure = volume work: This is the. } Y e i .
work ,‘done when a system expands | | o 21 SRS
: ' AV

against an opposing. pressure: Consider
a gas is enclosed in a cylinder. of cross. | ]
sectional area “A’ havmg frictionless, | |+ w | o} ow
light and moveable piston- The pres- :
sure on the piston is equal to . “P” il |
We know that, T LR G T R L

P=Z‘ ()

FPﬁ'"-.,'(u) - .
When the system do some . work, it will push the plstan agamsb the
external pressure “P" lts volume will increases from V; to V, i-e vo-

lume will change--We know that,
Work = force x d:stance |

W= F x Al | ’ ¢ m)
Putting the value of “f’ from equatlon ( u) lm‘:o equablon ( m)
W = PAAL e . ( IV)
As YV =(xlx! - = 4
V=Aaxl - Hsﬁ.=fx£
AV =AAL -
Now putting the value of AAL = AV in equation (iv)
w = PAV _(v) (hence proved)

This is called pressure ~ volume work / work of expansion- Work done
Will be positive when it is done on the system and will be ﬂegatIVe
When' it is done by the system’

W = pAY — work done on the system
W = -pAY — work done by the system
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n T odynamics i-e-
Putting the value of work done in T law of thermodyr

AE =g - W
AE = q - (PAV)
AE = q - PAV

Process_at:_Constant Volume, Prove that AE = qy: |
Consider a gas is enclosed in a cylinder having a fixed piston: When
heat is added to the system, its volume will remain constant (AV=0),

7 law of thermodynamics become as; ' ]
' q=AE+ W | |
qy = AE + PAV As W = PAV : eg®
qy = AE + R(0) As AV = O -
q=AE+0 - - —
G = AE - . at

The above equation shows that heat supplied to a system will only in-
~ crease the internal enerqy of the system and work done will be zerc-

DLV Calculate the work done when one mole of an ideal .gas
expands from 15dm’ to 20dm® against a constant external pressure of|
2-atmosphere-

Solution: |

Work done = W =. 7 -

Pressures = P = 2atm

Initial volume = U, = 75dm

Final volume = V, = 20dm®

Change in volume = AV = U, - V, = 20 - 75 = Sdm?
Using the equation, : | -

W = PAV

W = 2atm x 5dm®

[W = 10atm-dm’]

@5: Define and explain enthalpy- Explain process carried out aiz’:]

stant pressure-
7l Enthalpy:
~ “Enthalpy” is a 6reek word which means “to worm in”- “The tobdl
heat content of a system is called enthalpy-” It is denoted by “H"™
[ts unit is joul- It is a state function- /}’Iathemat/ca//y, enthalpy * ‘
e
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equal o the internal energy plus the product of pressure ‘and volume:

H=E+ PV
Hr:E}""IDV,
H, = E; + PU,

ps energy (E), pressure (P) and volume are state functions so its
Praduct enthalpy is also a state function and its change can be meas-
ured-

AH = AE + PAV

AH = AE + A(PV)

AH = AE + PAV + VAP
5/nce external pressure remains constant so VAP = O then,

AH = AE + PAV
AH s pos:t/ve, when heat is absorbed and is negative when heat is re-
leased by the system- ‘ : |
Note: Process involving so;/id‘s and liquids have their AH-= AE, since
the change in volume [AV] is very small and the term “PAV” in the
above equation can be nég/ected- R | |

AV = AE + PAV ; [PAV — neglected term]

AH = AE ’ - '
Process -at Constant Exﬂernal Pressure: |
let we have a system, in which gas is enclosed in a
tylinder, having moveable and frictionless piston: [f

9" amount of heat is supplied to the system at
tonstant pressure: The system will do some work on.

the sur}*ounding because it will pushes the atmos- Cb
N

Phere back and the volume will increases from V; -
Vo According to 7 law of thermodynamics,

q=AE+ W s
= AE + PAV [As W = PAV]
qp':'AE’f_' P(V2 —‘Vl)
9 = E. "E"‘Pl/z""PVII‘
9P = 5 + PV, - £~ PV, [Re-arranging]
a0 = (E, + PV,) - (E, + PV,) [Taking —ive sign as common]
9 = H, - H, 52+PV2=/-/2

qP?AH _ ' ' El.”'Pl/r:Hr.

CHy - H, = AH
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to the change in enthalpy “AH" of the system-

T@r_mochemlstrg e 40

It means that heat evolved or absorbed ab constant pressure s equa'

From the above discussion it is concluded that, 4‘
7. Since “E”, “P" and “V” are state functions, so according to the:

equation (H = E + PV) enthalpy is also a state function:
2. AH is positive when heat is absorbed and it is negative when heab;

is released by the system- |
. Process involving solids and liquids have their AH = AE, since the:

change in volume (AV) is very small and closed to zero, hence thei
term PAV can be neglected: ’

o
o)

| pressure of T-atmosphere, 6025 joul of heat is absorbed by the sy

a2, When one mole of ice melts at 0C and constam':‘

tem- The molar volume of ice and water are O 020 and O- 078dn'r1

respectively: Calculate AH and AE-

Solution:
(a) AH = qp = 6025 joul
Préssure (P) = Tatm
- PAV = P(V, - V)
PAV = Tatm (0-018dm® - 0-020dm’ )
PAV = (-0-002 atm-dm®) ‘
Since 7dm® atm = 707-25T
S0, PAV = -0-002 x7107- 25J (-0 2025J )
(b) AH = AE + PAV |
AE = AH - PAV
AE = 60257 - (-0-2025J)
AE = 6025 + 0-20257
[AE = 6025-20257]

| change (AH)- ( BISE Bannu 2077, Kohat 2078, Swat + Hbtd)

Q6: Define and explain enthalpy change (AH) dnd standard enthalpf

Definition: “The change in .enthalpy measured at room temperati’

Enthalpy Change “AH”: (ETEA: 2009,13). _
DeF nition: “The amount of heat evolved or absorbed during a phys/cal
or chemical process is called enthalpy change-” |t js denoted by AH: ]
Standard Enthalpy Change “AH°”: (BISE Malakand 20718) ,
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[25:0)] and T-atmospheric “

are in their standard [natu
change*”.
Explanation: The standard States are 25¢° and Tatm-

by AH® - /_—/ef“e the superscript shows standard state-

Pressure when the reactants and products
ral] states are called the standard enthalpy

It is represented

There- is no way to measure absolyte value of enthalpy'ofa substance’
Relative .enthalpy change can be Mmeasured- The arbitrary (°/) refer-

efice point is the set of conditions of temperature and pressure: These

conditions of bemperatqre and pressure, for thermo-chemical measure-
ments are 25C° and 7-atm respectively-

O

The enthqlpy change measured under the above conditions [256" and
l-atm] is known as standard enthalpy change and denoted by AH° - [t
- means that all the substances involved in the reaction are in their

normal and natural state at 25C° and T-atm- This state is called the

standard state: Thus AH3.s for reaction corresponds to gaseous hy-

drogen, oxygen and liguid water ‘[not .steam], which are their most
stable and normal state or standard states

2H, ) * Oz ) —— 2H:0,

Q7: ;E,;'plaih the following terms: ~. .

(i) Standard enthalpy of formation (AHfF)
(ii) Standard enthalpy of reaction (AH’ .wivn)
(i) Standard enthalpy of combustion (AH;) E ke e
(iv) Standard enthalpy of neutralization (AH;,, ) g ° e
(v) Bond dissociation energy (BDE) '

m (i) Standard Enthalpy of Formation “AHL”:
Definition: “The heat change that occurs, when 1-mole of a compound
is formed from ts elements under standard conditions is called stqp-

dard enthalpy of Formdtiaﬂ'"

Explanation: The standard enthalpy of formation of all the elements iy
bheir most stable form is arbitrary taken as zero: For example, mole-
cular oxygen is more stable than its allotropic form ozone, under stan-
dard conditions. The .standard heat of formation of CO, and 50, are

9iven below:
N —

K. . | ;
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C+ 0 — CO, AH =-393-57 Kj-mol’ ‘
5+ 0, —— 50, AH? =-296-83 Kj-mol’

tandard enthalpy of formation of elements and compounds are helpful
to calculate standard enthalpies of reactions and are given below:

Standard Enthalpies of Formation at 25C;

Substance - AH. Substance AH,
All elements in their standard states 0-00 CaCyqy -62-5
C [Graphite] 0-00 CS +89-7
C [Diamond] +7-90 . Hcl, -92:3f,
P [White] . 000 Nacl,, -417-00
P [Red] -17-60 | HBry, -36-40
H>0) -285-84 Hl(g) ; +26-48
5050, -296:83 /\/H;,“(g ) ~46-11
co,, -110-53 | = Ha5¢) -20-63
€Oy, -393-57 CHycy -74-81
Fe;0s =824-:2 1| CoHay, +226-73
Fes0ucs) -17118-2 Ho5040) -874
Ca0,, -635- 5 HNO;q., -174

(i) Standard Enthalpy of Reactlan “AH’,mb,a,,_ (ETEA: 2012,16)

The standard enthalpy of reaction (AH.) is the change occurs in en-
thalpy for a given reaction calculated from the standard enthalpies of
formation for all reactants and products- It can be calculated from the

difference between the total enthalp/es of Format:on of products and
reactants as follow:

reacl::on = Z A (products) Z A (rcnctants). _
For example: 2H, + Oy ———— 2H,0  AH°= -572 Kj-mol

(iii) Standard Enthalpy of Combustion “AHZ "

“The enthalpy change that occurs when one mole of a substance IS

completely burnt in an excess of oxygen under standard conditions is

called standard enthalpy or combustion:” It is denoted () by AH e
lts unit is ki/mol- |

Examples:

CH, + 20, ——— €O, + 2H,0
C+0, —CO

2

AHZ = -890 kj/mol
AH; = -393-57 kj/mol

I

)/ ;

> |
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Ce =

pm—

: The heats of formation of CH,, CO, and H,O are; -74-85
ki/mol’, -393-50 kj-mol” and -285-81 kj-mol’ respectively- Calculate
the heat of combustion of the following reaction:

CHy + 20, —— cO, + 2H,0 A, =7
(-74-85) (0-00) (-393-50) (-285-87)
Solution: :

Heat of reaction = AHZ = %" [AHZ ...T1-> [AH:, ]
AHZ = | AHzCO, + 28H:, |- [AH: ., + 20H;0,]
AH; = -393-50 + 2(-285- 81)]- [-74-85 + 2(0)] kj-mol’
AHZ = |-393:50 - 371-62]-[-74-85 + O] kjmol’

AH; = |765-12 + 7485 | kj*mol’

(AH" = -890-27 kj-mol )

(iv) Standard Enthalpy of Neutralization “AH",,,“_

(ETEA: 20718-719) | » .

Definition: “The amount of heat evolved when one mole of hydrogen
ion [H'] from an acid react with ‘one mole of hydroxide ions [OH ]
from a base to form one mole of water under standard conditions is
called standard heat / enthalpy of neutralization-” It is denoted by

“ALP

neu

Examples:
Hcl + NaOH —> /\/aC/ /—/20([ "

M + OH ——> H 0., ——— AH; = -57-4 -mol’

The heat of neutralization of a strong acid with a strong base is ap-
proximately equal to -57-4kj-mol- The heat of neutralization of a
weak acid, HCN and a strong base NaOH is -10-03kj/mol-

,L/*E/\/(a + Na'OH,,,, = NacN _ , + H,0., AH = -10-03kj / mol

(v) Bond Enerqy: (B‘ISE SWat 2077)
Definition: “The enthalpy change occurs when one mole of bonds are

broken down in a stable molecule u_nder standard conditions is called
bond energy-” It is also called bond dissociation energy:

Examgle,s: ) ,
CH,——2 H BDE = +436kj/mole

0,— 20 BDE = +4994j/mole

e, B
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Actually bond dissociation eherqy is a measure of the bond st trength-
The above values show that double covalent bond in oxygen molecule
[O = O] is stronger than a single covalent bond in hydrogen molecule

[H]-

QRE: Explain the terms, heat capacity, specific heat Capacnby anc/ moﬂ

heat capacity-

ha B Heat Capacity [C]: (BISE Malakand 20718) | |
DeFﬁ/tlon “Thﬁl caPaClty OF a substaan to absorb heai; /s Ca//ed heat %
capacity-"” |

Explanation: The heat capacity [C] of a substance is the amount of
heat required to raise the temperature of the given amount of sub-
stance by 1C+ It is an extensive property and depends on the amount
of the substance The 51 units of heat capacity is J-C'° / JK'

Extensive Properby is a property that depends on the amount of

“matter in a sample: Mass and volume are the axamp/es of extensive
properties:

Specific Heat . Capacity:

Definition: “The specific heat [S5] of a substance is the amount of

heat required to raise the temperature of one gram of a substance by

7C/TK- It is also called the specific heat capacity-

Explanation: [t is an intensive property which does not depend on the
quantity of substance: The 5| unit of specific heat capacity is J-q"-K'

The relationship between heat capacity [C] and specific heat capac;ty.
[S] is given below:

S C = .ms .

Intensive Properties are those properties which do not depend on the

amount of the substance such as density and colour- These properties
do not change as the size of an object changes-

Calculate the heat capacity of 50 grams of water- 5pecri|

heaf: of water is 4-18J-g"-C"1-
Solution: As we knhow that,

c=ms |

¢ = 509 x418479"-K'= [209:2T-K] |
IF we know the specific heat and amount of substance, then the
change in temperature of the substarwe [samp/e] “AT” w,l/ tell us f;he

!
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pount of heat [q] that has been absorbed or .released in a particular
r06ess’ Equation used for calculating |
‘ q = msAT

the heat change is,

R q = CAT As ms = C

flolar_ Heat Capacity:

«“The amount of heat .required to raise- the 'temperatu}-e of one mole
of a substance through 1C/1K is. called molar heat capaciby-” Unit for
molar heat capacity is J-mol’-K'- ~

Molar ‘heat capacity of water = 75-312F-mol"-K’

’i5peciﬁc heat of 19 of water = 4-184J-g7-K' ‘
Specific heat of T-mole (189) = 18 x 4-184J-mol’-K'
= [75-312J-mol"-K']
Q9: How enthalpy change can be measured? (ETEA: 2018)
Measurement _of Enthalpy Change “AH": |
Definition: “Calorimeter is the instrument used to measure the en-
thd!py change during chemical or physical process: ‘ '

Calorimetry:

“The procéss of measurement of enthalpy change during chemical reac-

tion or a physical ‘.chqngé by using calorimeter is called ca/on.'metr'.y; o In.
enthalpy'c'hanges occurring in chemical process may be measured by t;wo |

main methods: |
7- Direct calorimetry .
2 /ndire;t calorimetry

I Direect Calorimetry:

h a calorimeter,  heat changes [DH] of those reactions are measured

Which g0 to
“mpletion with-
Ut side reac- /-
bons: For exam- | ™
Ple the. heat of
”eutr’a/ization, of | Reaction __ Cotton wool Water

mixture sizzzii: ' Strirrer
“queous solutions

0 . : /
F a s trong aCId A simple calorimeter
N ’

- S —> Thenmometer

N\

I 30 N I

HAV4) Thermometer Styrofoam cover

Styrofoam cups

| )
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by a strong base can be measured by a calorimeter:

A sample calorimeter consists .of an msulabed container in whicl, |,

reaction vessel is placed- The reaction vessel contains a stirrer (34,) ang
thermometer: There is cotton wool in between the reaction vesse| gy
- outer beaker- The cotton wool acts as an insulator- When the reactjy),
starts, heat will either evolve or absorb+ In case of exothermic req,-
tion, the released heat will raise the temperabure of water, which s

measured by a thermometer

Heat given.out by reactants = heat gamed by water From the specific
heat of the system [C], the temperature change [AT], the amount of
- heat evolved or absorbed [Q] can be calcu/abed by usmg the equation,
- Q@ = nCAT

| @ = amount of heat evolved or absorbed
n = number of moles of reactants

C.= molar heat capacity | :

AT = change in temperature i-e+ ( T, -T)

|

IF we take mass of the reaction mixture /nstead oF number of moles,
the given equation becomes,

& = mCAT

ZGHIEIZES, When 50cm® oF 2mol-dm™ Hcl is added to 505m of |
| 2mol-dm™ NaOH - solution- The. temperature rise js 13-6¢° Calculate

the heat of neutralization per mole, where the specific heat of water
is 4-2J g" K. AU i
. Solution: - :

NaOH + /—/C/“—> NacCl + H,0 = - |

e p oy s Conversion of cm® into dm’
Muer = 7000 i § mol) ~we divide 50 by 1000
- 50 | - As 1dm® = 1000cm®
ot =-7000 X2 =07 mol) ‘ » S

Total volume of solution = 50 + 50 = 100cm?®
Since the solution is dilute so we can use the de
.0f density of solution-

Density of water = lg/cm® at 4¢°

Mass of solution dv = 7 x 100 = 100gram

2nsity of water instead .




| et T RV S ——
wb Chemistry NOtE?__,__T _Year R Hu muuh( mis tr';w_/tf)’;l

Heat of neutralization = mc 7

w " C

Heat of neutralization = 700 X 42 x 13-6
= ~5712J701 mol
0-7 mol of acid and O-1 mol of base gives AH = -5712J
7 mole of acid and 7-mol of base give heat of ncu(;raliza{;ion
_=5712
= =2 2 .57120
Q-7
c o 57120
OR heat of neutralization = - = [-57:12kj / mol
- o0 = L 7 mol]

Q10: Explain indirect calorimetry (OR) explain Hess law of constant
heat summation- (BISE Mardan 20178)

m Hess's Law [Enthalpy Change Calculation]:
[Graham Hess, a Swiss born Russian chemist]

Statement:

“The amount of heat evolved or absorbed during a chemical reaction is
the same whether the reaction takes place in a single step or in sever-
al steps-

Explanation:
In certain chemical reactions enthalpy of' formation [ AH"] cannot be

determined directly due to the following reasons:

I Some compounds cannot be directly synthesized from their ele-
ments:

2:  The rate of some reactions are very slow to be subjected for en-
thalpy measurement: |

3 In some cases side reactions takes place and produce products
other than the desired one

In such cases AH?

an  be determined | M2t i Final State

by ‘an indirect me- & (D)

thod, - which is based

on Hess law of con- A | AH,

Sant  heat' summa-

bion:  From the AH, ->(C)

Statement of Hess AH=AH, + AH, + AH,

low it s clear that e

e

qz + (¢}
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S ction drprnrl"i 0;7/(! on the initial and final st

the net heat of rea
and not on intermediate steps:

" e Ypomg N g 7 1] ; al Sf;m‘)c “,D”' T,’-n.,-_,,
Let a system changes from initial state A" to fin 1ere

are two possibilities:

7. When it changes directly, change in enthalpy during this process ;.
/—\H “ ”

2. When the system 1 changes to state B”, the enthalpy chang.
is AH,- Then goes from B - C, with enthalpy change AH, and f-
nally from € - D with. enthalpy change AH,: |

Example: [Formation of NayCOs]

Single step process:
| 2NaOH + CO, ————-)Na co, + H O AH = -89-08K;

Two step process: . , A
(i) NaOH,, + €O, ———> NaHCO, . AH, = -48-06K;j

(u) NaOH + NaHCO —> Na,COo, + /—{ O AH, = -47-02K;|
Adding the two equations,

NaOH + CO, ———+/aM | AH, = -48-06K;
NaOH + NaHED, ———s Na,CO, + H,0 AH, = -41-02K;

2NaOH + €O, ——— Na,CO, + H,0  AH = AH, + AH,

AH = -48-06 + (-41-02)

According to Hess’s law, | - AH = -48:06 - 471-02
AH = AH, + AH,  (AH = -89-08K))
-89-08Kj

Heat of Formation:

Carbon monoxide is prepared by reacting carbon with oxygen, but along
with carbon monoxide, carbon dioxide is also formed- So to determine

the heat of reaction of “CO” formation an indirect method is used as
follow:

7
Gt > O, — €O AH’

(i)\C+02

3

~CO, AH? = -393-50K;
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i) > :
(ii) 2727, co, AHS = -285-70K;

Jnvert (C/M) equation (i) and then add with equation (i) we will find
out enthalpy change for the formation of CO

R indirectly-
(i 2 T C0; AH? = -393-50Kj
- . 7
i <o EGEZE, AHS = +285-70K;
5 |
LEg e — s AHZ = DHy + DH;

. AH? = -393'50 + (285-70)
(AHg = ~107-80Kj)

QiT: What is /att/ce enerqgy? Explam B‘orn-Haber cycle by giving exarm-

ples

m Lattice Enerqy:
Definition: “The amount of heab energy requ:red to. break one mole of an

»”

ionic compound into its oppositely charged ions is called lattice energy:
(OR) -“The amount of energy. released when éne mole of an ionic com-

pound is formed from one mole of positive and one mole of negative

gaseous ions is called lattice energy:”

 Nacl, ——> Nag, + ¢, 'AH,;,WC = 789Kj-mol”
| Na, , + E/(q) ’_’_;_?-N"C/(f) AH,M.‘_( = -789Kj / _m?/

Born-Haber Cycle:

Definition: “The cyclic process used for the determination of lattice ener

% was proposed by Born and Haber so it is called Eor‘n—Haber p‘rocess-”

Explanation: Lattice energy cannot be measured directly- [t can be

iPk

Measured indirectly by Born-Haber cycle which is the appl;cab/on of

Hess law- It can be explained by taking the examp/e of NaCl forma-.

tion-
~—
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( a) Direct_or One Step Formation:

- i = -477Kj / mol
| 0 * 5 Clay — s Nacl,, AH, = 411K

Na

(b) Stepwise /' Several Step Formation: 4

() Na,  ——— Na,, AHC, = T09Kj-mol”

(it) Na(g) ——— Na' +¢ AH?, = 496Kj-mol”

Giii) Cly,,, — ———> 2¢,, . AHG,, = 242K /7 mol
X , g B b
-2—C/2(9) — AHS,, = 121Kj / mol

(i) cl+E  —— Ly, AH;_H = -348Kj / mol

(v) Na', +C, ——s NaCl,, AHp,, =7
According to Hess IaW, 'enthalpy changé in one step process is equal‘.ta
the sum of enthalpy change for the all five steps |

AH? = AH,, + AH,, + AHG, + AHZ, + AH,

Iabtlu ey

AHlitbwc = AH" - AH” = AHIOE = AH;U; = AHZH
BHE e = ~4T1 - 109 = 496 - 121 - (-348)
MMy = ~T137 + 348 = [-789K] / mol]

~ These changes can be shown in cycllc way as follow:

- R
N%)+1e + Cl

(AHI.E) T - T\ |
. Nag cl (AHEA)

(AHsub) T’ ‘. T& (AHdivss)
- Nag  + 1/2 " Cly

'(AHlattice) =?

= Nacls :
AH, o . (s)

B Calculate the lattice energy of KBr-' The heat of
sublimation of potassium is 88Kj/mole, the heat of dissociation of
bromine qgas is - 192-:5ki/mol- The ionization energy -of “K” is !
414Kj/mol, the electron affinity for “Br" is -334-7Kj/mol and the

heat of formation of KBr is -405-8Kj/mol-
7

K+ EBrz——'——H(Br
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Solution:

—3»- KBr

AHp

AH: = AH:,,, + A/—/o + —AH"

diss

A/—/;’. + AH°, .

lattice

.AH"A :AH __AH

- o - ) o "
lattice sub AHI AH AHE.H .

o
792-5
2

AH?

lattice

-405-8 - 88 - 474 - ( J (-334 7)

| AH/Zetice = -1004-05 + 334-7
| [‘659'35 Kji / .mo/]

o
/atticg
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7: Choose the correct option from the given options:
- AH per mol is expressed in the units of:

v (a) Kj (b) F (c) C (d) K
~ 2- Which of the following is not state function?
 (a) Enthalpy s (b) Heat
(¢) Temperature (d) Pressure
'3+ For solids and liquids:
Y (a) AH=AE (b) AH > AE
. () AH<AE (d) AE = O
4. TKecal is equal to: |
(a) 41-8 x 10°T (b) 418 x 10°T
S (c) 418 x10°T (d) 0-418 x 10°T

5-  Standard enthalpy [AH’] for T-mole of a substance, which exists
in its natural state at T-atm pressure is measure at: |

(a) OK Y (b) 298K . (c¢) 273K - (d) o .
6. AH can be measured indirectly by applying: '
(a) Avogadro’s law  (b) Gas laws
v (c) Hess law (d) Faraday laws
Ve Enthalhy means: '
(a) Disorder - (b) Transition state
(¢) Rate constant - (d) Heat content
& No work is done at.constant: .
(a) Pressure - Y (b) l/a‘/ume‘~
(c) Temperature = (d) Mass )
9- Heat capacity depends on: '
(a) Pressure S (b) Volume
(c) Composition v (d) Mass
70+ Which one of the following reaction. is spontaneous?
(a) Endothermic (b) Exothermic
| (c) Reversible v (d) lrreversible
17- Enerqy possessed by water in a dam js:
v (a) Potential energy (b) Heat energy
(¢) Electric energy - (d) Heat energy

72: When heat is absorbed from the surround,'ng the process is:
==
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(a) Reversible (b) Mechanggal
(¢) Exothermic v (d) Endothermic

73 The sum of all the energies of all the molecules or atoms of a
substance is called its: |

(a) Specific heat (b) Heat capacity
(¢) Latent heat v (d) Internal energy
74+ Which one of the following process has AM, +ive-
- Y (a) lonization energy (b) Electron a-Ffinity
(¢) Combustion ~(d) EXothermia reaction

Short Questions:
Q7: Total energy of the system and its surroundings remain constant-
According to the law of: conservation of enerqy “energy can nhei-
ther be created. nor’destray’ed ‘during a chemical reaction, although it
can be changed from one form to another form-” It means that total
enerqy of universe remains constant: A system may lose energy to the
surroundings in the form of heat but at the same time, the same |
amount of enerqy is absorbed by, the surroundinas Hence the amount
© of energy lost by the system is equal to the amount of enerqy gained
by the surroundings: Thus the tatal energy of the system and its sur-

rounding remains constant:

Q2 lonic reactions are very fast:
| lonic reactions are very Fast as in aqueous inedium ions are only
exchmged wh/ch are already separated [dlssoaated] in aqueous sblut/on

4‘)9/\/03( ot /\/a C/ ————‘—>’99( pt) /\/a/\/03( 4)

IQ3 The work done has positive._ and negative values- (BISE Swat 2077)
es of work done can takes place:

In gaseous. system two typ
" When work is done on the system i-e: atmosphere pushes the

piston downward and compression of the system occurs: It is tak-
en as positive [W = +ive]* f |
2 When work s done by the system ie* s jstem pushes the sur-

rounding against the external pressure and expansion of the sys-
———— ’ )
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tem occurs. It will be taken as :
e A C
negative i-e: [W = -ive]* g,
During expansion, exXternal pressure o o
3 o
and work done [piston movement] are 2 "
. — o)
in- opposite direction and the angle is 8 £
©
/I80° £l 2
( - = = . ®
W =F-dcos® % c
W =Fdcos180° ! D R
. ° y,
W=Fdx-T

W = - ( negativé value)

| @%: Heat of combustion is always negative: ‘ _
We know that during combustion; of oil, coal, paper, wood or
natural gas, heat is always released to the surrounding: l& means that

the total heat in for old bonds breaking is less than the total heat

out during new'ba_nds formation in products, so net result is’ hegative

value: So combustion process is always exothermic:

Example: | |
CH, + 20, —C0, + 2H,0 AH = -890-27Kj-mol

Q5: Enthalpy change is a state function but heat is not-

(BISE Mardan 2078) -~ = h e

As enthalpy change on/y depends upon the /'r'}itia/ and final states
so it s a state function and its change can be, find out [AH = HZ'H 7
Heat depends on the manner in which its change s brought about and
do not depends upon the initial and fin
function but it is exact / path function-

@6: AH for solids and liquids becomes equal to AE. | = < j
We know that solids and liquids are al ' |

al states SO it is not a state.

Most incompressible [very

with change in pressure so the “PAl/”

term js p :
comes equal to AE- According to the 7 eglected and AH be

law of thermodynamicss‘

q=AE+ W |
OR &H = AE + PAV As W = pAy
AH = AE + P(0)

e I
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L_\H = /_\E ‘/‘ O
(AH = AE)

e

07: Eﬂ\’:halpy of neuf“ra/u_atlon of strong acids, and strong bases has
a/ways the same value-

gk We know that all strong acids and all strong bases ionizes com-
p/ete/y i wacer: The aqueous solutions of all strong acids have the
same concentrations of hydrogen ions [H']- Similarly the aqueous solu-

tions of all strong bases contain the same amount  of hydroxide ions,
[OH] It means that T-molar solution of any strong acid and T-molar solu-

tion of any one strong base, by mixing release the same amount of heat: [t
is because in all cases T-mole of water is produced- e-g-

Hcl, NM%%MAIQQU+N%J AH, = -574Kj / mol

H+NO3( a) KOH( q) —>H20(() KN03( ) Hﬂ = "574Kj /" mol

In both the cases one moles of H'-ions of an acid combine with one .mole of
OH ions of a base to form one. molé of-water so, the same enthalpy change

OCCUFS
]

Q8: What do ybu mean by : state of a sysbem? L(/hat are stabe Func—,
tions? -

m The condition oPa system is cal/ed state oF the system- (Vacros-

copic properties of the system which depends upon initial and final

states of a system and independent of the path followed by the sys-

tem are called state functions:
Examples of state functions: Temperature, pressure and volume:

"ng uians

Ql: State and exp]ain Hess’s law of constant heat summation- Show

P ——

| that it js a direct consequence of the 7* law of thermodynamics-

| @ Please see question number 70-

Q2 L¥2: How does Born-Haber cyc/e help in calcu/atmg the lattice energy?

B Please see question number 17-

Q3: What is meant by heat of reaction? Explain how the heat of
feaction atr constant volume differs me the heab of reaction at con-

%ressure ?

\\Jieat of reaction: Please see question number 7-
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: t of reaction at
Leat of reaction at constant volume differ from hea :

b system at con-
constant external pressure because heat supplied o a tze e
svant volume will only increase the internal energy of Yy
work done will be zero ie: =
g, or AH = |
t ext
On the other hand heat suppl/ed to a system at tonstant external

sressure will only change the enthalpy of the system: i-e:
4, = AH

Q4: What is meant by pressure - volume work? How it is related to
the ' law of thermodynamics?

!\"’ﬁ
Tu TR

iih Please see qUest/on number 4-

.'Q7 Apply Hess’s Iaw to calculate AH® for the sublimation of one mole

of iodine from the Fol/owmg equations:

(D) Hoggy + Loy 2HI,, A, = 51-8Kj-mol’
(i) Hory + Iy, 2HI ) AH, = -10-5Kj-mol’
- Solution: ‘ |

. Inverting equation (ii) .and then adding with equation )

H () 12( 5) \>/LU/ AH? = 57-8Kj'mol"
%‘ > H w T 12(9) AH; = +70'5Kj-mo/"

Iy, g}lz(g) i AH s AH? + AH;

AH® = 51-8 +70.5
AH - = 62:3Kj:mol |

Q2 Calculate the heat of formation of g
from the Fol/owmg data:

(I:) NHagyy + Aq ——— NH, sy AH]= -35.16Kj-mol”
(D HC’ F A ——— Hl AHY= 7247k mol”
(iii) /\//—/3(aq) HCI(W —\—M\/H‘/CI(W AH3 = ~51-48Kj / mol

' aqueous solution of NH,C

Solution: ' | — 4

Adding all three _equations




r
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() MHsep * A9 ——— N~ AH) = -35-16Kj / mol
(i) Hllgy + A9 ——0 Hep— AHS = -72-41Kj / mol
(iii) //\LH/(f * H}% > NHLCl. . AH = -51-48Kj / mol
o NH3(9) v /"’C/(g) \>NH‘*C/(W -Ai-/"‘: AH? + AHZ + AHS

AHC. = -35'16 - 72-47 - 57.48
[aH° = -159-05K;j / mol |

Q3: Liquid ethanol when burnt in foxyyen at 25¢° '/l:bra'f:es heqt,i-e- AH

= -1402-T14Kj/mol- The heats of formation of CO, and H,O are -|

393-50Kj-mol” and 285-81Kj-mol’ respectively at the same tempera-

|
|

|
it

ture: Calculate the heat of formation of ethanol at 25C°-

S ~——

Solution: e , _
() CH,OH + 30, ——— 2c0, + 3H,0 AHP = =1402-14Kj / mol
(i) ¢+0,——>cCO, . AHZ = -393-50K;j 7 mol

-285-81Kj / mol

I

(i) H, + ;;_02 MO AHS

Invert equation (i), multiply equation (i) by (2) and equation (iii)
by (3), then add all the equations | . :

(D 2€0, + BH,0 ———>CH,OH + 30,  AH? = +7402-14Kj / mol
(i) 2¢ + 20, ——> 2¢0,  AH; = -787-00Kj / mol

(i) 3H, + %02-___'—> 3H,0 AHS

——

-857-43Kj / mol

2¢C + 3H, + éoz _;__>CzH50H CAH® = AH? + AHZ + AH?

AH = 4140214 - 787 _ g57.45
|AH® = -242.29 K , mol |

¥ A chemical reaction takes place in a container of Cross sectional

rea of 0-07n?, fitted with a weightless and frictionless piston- The.

Piston is moved up through 0-O1m against. op

: external pressure of
07325 pascals as a result of the reaction- Calcyla

te the work done by

the

SYstern :
Lem , ' ' ]

o
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Solution:
Area of the container = A = 0-01m"
Distance covered by the piston =1 = 0-01m
External pressure = P = 101325Fa = 707325/\/m'2
Work done = W=7
Change in volume - = Area X Length
= Axl=00In x007m—00007m

Formuila used
W=PAV
W = 101325Nm™? x O- 0007m’
W = 70-1325Nm : |
[W=101325J] . fs Nm = Joul-

Q5: Determine AH° for the -following -reaction w:th the help of the
given data 2¢,,, + 2H;, ——CH,, AH =
D T+ 0y -———>c02(, AH? = -393 50K/ 7 mbl
D) H 50, H Oy AH; = -285-7Kj / mol
i) CH )+ 30, —>2602() 2H,0,, AH; = -7430-'90Kj/mal
s  Solution: '

. Multiply equab/on (z) and equat/on ( u) 'by (2 s mVertmg equat/on (iii)
and then adding all the three equations, -

) 2020 ———200] K _ -787-00
i) 2H;+ ¢0f ——— 2HD AHS = -571-40Kj / mol
jip) 260, + 20 ——¢, l,.+§@§' AH3 = +1430-90K; / mol
20+ 2H, ——— CGH, AH? = AHP + AHY + AH;, o

- AH® = =787 - 571-40 + 1430-90. .
AH® = 135840 + 71430-90
[AHD =72:50Kj / mo‘/]

000

| Life is a book of three pages; 1° Page is birth & the [ast page is death

Central page is emply, it depends on you, how do you fill your page-

4



