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e e

'I'hcstud-f:nts will be able tu
*: Define thermodynamics. (Remembering)
- ® Classify reactions as exothermi i¢ of endothermic, [Und::rstﬂndlngj
®! Define the terms System, surounding, boundary, state function, heat, heat capacity,
Iﬂi&malmerg}f work donc and enthalpy of a substance. (Remembering)
P 4NHM&anddeﬁneﬂ1E units ofthermal energy, (Ef:membenng]
# {Relate a :change in en;haipy to the heat, of reaction or heat nf qumbush,un r.:nf a
Ieaction, (Applying)
. Re!ate change in mtema] energy of a system with thermal energy at constant
ﬁ!ﬂpﬂm’mm a.pdz:;gnstan t pressure, (Applying}
B l fma hﬂﬂd djs: ‘, ciation energy. {Rememhermg}
i, Use the ex *'l f.:nla[ dm;a fo calcuiate the heat crf reactmn usmg a calofimeter
m&MmQT“'
1y, Eﬁa cundltmns ﬁ;lrthe standa:d heat of reaction. [Appl:r'mg)
by, (Bl Hess's Law to sonstruct simple enérgy eycles Wﬂdéﬁﬂﬂﬂmﬂ
Jescribe hbwheat ufcombuﬂnon can“tfe ﬁsﬁ‘l‘ﬁﬂsnmate ﬂie encrgymfmlable from
b _ 5 1 Liglie ATl
f“ﬂda (Aratyzingy o
Eipiam reactibn ' paﬂ“pa}r ‘diagraim in' terms of ehithalpy ¢hianges of the reattmn
Um Haber s Cycle] [Appi:ﬂng}
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The branch of chemistry which deals with heal changes durme a chemival TEACTipg
15 called thermochemistry,
The ability or capacity of a body to do work is called energy. There are ty,

_main types of energy; that is potential encrgy, and the kinetic cnergy.

The energy of an object due @ its position relatve 1o other objects or st
in a molecule due to its chemical bonds is called potential cnerty., The water held
behind a dam has potential energy because o its height. The potential engrgy of
water increases when the level (position) of water in the dam increases and th
potential energy of water decreases when the level (position) of water decreases
This water has no kinetic energy because itis not moving.

The energy of a system due Lo its motion 15 called kinetic encray. All the
moving objects have kinetic energy. The magnitude of the kinetic energy of a body
depends on its mass and velocity. The greater the velocity of objects, the higher the
kinetic energy or/and the heavier the objects, the higher the kinetic energy. Wher
water is allowed 10 fall over the dam, its potential energy is converted into kinetic
energy. The Kinetic energy of falling water increases when the speed of flow of
water increases. Kinetic energy ofthe given mass of water is directly proportional?
the squarc of1ils speed. ]

The SI unit of energy and heat is joule which is defined as: the amount o
energy cxpended when a force of one Newton moves an object (body) ﬂfli}%a
through one meter in the direction of force. Joule (1818-1889) was 8 B!
scientist who probed work and heat. Joule is a small unit of energy: We therelo®
use the unit kilojoule for energy (1kJ = 1000J), The non-SI unit of energy and e :
which is used in large scale is calorie. It is denoted by cal and is defined g.s_ the
amount of energy required to raise the temperature of one gram of water T
14.5°C to 15.5°C (1kcal = 1000cal). ' 4

Enecrey 1s very important f'fl-r us on the carth. For example, the food w:;ﬂ
proyides the encrey in the form of heat to regulate our body temperatif® *™ s
out all other bodily functions. The buming of logs, coal and natural g8 p i
energy I the form of hFﬂl to warm our homes. The burning of gasoline and "
the engine of aulmm-:ah]les provide energy 1o run engines. The energy releastl ™’
burning of fuel 15 used to generate electricity which in turn is used to [ighl’!?“ i
computers, refrigerators and other appliances. The main source of energy 158
afterthata large amount of energy comes from ¢hemical reactions. ‘

The transfer of energy between two abjects due to difference it etmf® Eﬂr’
¢ called heat, Heal flows from a hot body to cold body until both arc a
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""" emperature. ¢t us umidérstand ow chiergy is transferred from one piece of matter
to another. When a red ot iron bar is placed in cold water, the temperature of the
water increascs, because the energy in the form of heat flows from iron bar (hot
body) to water. Un the other hand, the temperature of hot iron bar decreases,
because the energy in the form of heat flows away from it to surrounding (water).
This pracess of transferring of heat is continued (il the te mperature of the iroq bar
becomes equal to water.

1.1 Energyin Chemical Reaction
Chemical reactions may cither be exothermic or endothermic, Those reactiorts ar
processes In which heat is evolved (from system to surround ing) are called
exothermic reactions or processes (Greek: exd = oulside; henee heat flows out). The
burning of gasoline, coal, and wood are the cxamples of exothermic reactions, The
other examples of exothermic processes are freezing, condensation, and deposition.
Some of the exothermic reactions are: "
CHyp + 20y, — 21 10, + COyy, AH = 890 .4k
Ciy T Oy —— COy, AH =-393 5]kJ

B L o T =

—L\__.J -r—!-,._‘d-‘ T

Amount of heat released is indicated by AH with negative sign because heat
~ flows from svstem to surroundings. Majority of reactions which take place at
ordinary temperature are exothermic.
During chemical reactions old bonds are broken and new bonds are formed.
Bond breakage is an endothermic process while bond formation is an exothermic
process. If the energy needed to break old bonds in -~ == : —
the reactants is less than the energy evolved by new
bond formation in the products. then the reaction 1s | A process that is endothermic
“Xothermic. In this case some of the potential |in forward direction is
tmergy is converted into thermal energy. The ifrg::;“;::t is"t;r_;tu"“.““" i
Potential energy of the products is less than |i an_endothermic_ process
TCactants, that is why, the products are more stable  |while condensation, the
than reactants; that is, the bond in the products are  |reverse of evaporation, is an
More stronger than those of the reactants. Eothamiz ,pmmss'
Those reactions or processes in which heat is absorbed (from surrounding to
stem) are. called endothermic reactions or processes (Greek: endon = within:
¢, heat flows in). The process of photosynthesis in plants is the example of
-E__‘d_?fhcnnic reaction, The other examples of endothermic processes are tﬁ.:!r,in?’
&uﬂﬂtiﬁm and sublimation. Some of the endothermic rta-:t;lé;nﬂs& are:
LU v

Keep in iﬁnd},
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AH = HIIET )

Cis] +H! fgh i ‘C'quj + HIH;'_]
AH = --]ﬂ,[]l_;liu

Nyg + Oy — 2Ny

Amount of heat absorbed is indicated by AH with positive sign, becayse,
flows from surrounding to system. 4

If the energy needed to break old bonds in the reactants is greater thyy y, |
energy evolved by new bond formation in the products, then the reaction i
endothermic. In this case some of the thermal energy 1s converted into polentiy
energy. The potential energy of the products is greater than reactants, that are wiy, |
the products are less stable than reactants; that is, the bond in the producy ]

weaker than those of the reactants. 1

The amount of heat evolved or absorbed when reactants are converted i |
action is called heat of reaction. Tt may also calls
ows the amount of heat evolved o

hermochemical equation or reaction

products during a chemical re
chemical energetic. The equation which sh
absorbed during a chemical reaction is calledt

11.2 Thermodynamics

The study of energy. work, he
thermodynamics (G reck: thermé = heat; dunamis = power). It may
with energy transformation; that is, the transfer of energy from one
substance) to another. Chemists give preference to the branch of thermodyni

that is, thermochemistry. )
There are four laws of thermodynamics, but only the first 12w

thermodynamics will be discussed in this chapter.
Some Thermodynamic Terms

at. temperature and their relationship is known &
also concemel

object (0

System . p
Anything (substance or mixture} which is under gbservation or ﬂpeﬁment{ﬂ‘ '
laboratory) is called system.

Types of System | "
i) Open system: It can exchange both energy and matter (mﬂsﬂ w
surroundings. Examples are open reaction flask, rocket, and an unccrﬁf*"!
tea. The energy and matter donot remain same ilh"an onich Sy ) r

ii) Closed system: It can exchange only energy but not the matte! (ma>r
surroundings. For example, a sealed reaction flask, a gas in a closed © tai?
velem is most readily study in_ rmnchgmistﬁ-}‘ r
iii) ]solated system: It can exchange neiiﬁ_er energy Tof matter i
curroundings. A thermos flask containing hot green tea apprﬂxiﬂﬁefiﬂ/

systﬂm.
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Eyervthing N The universe whicl s yyy part el the system s called surrounding.

Universe

The system plus 1ts_surounding is called universe. It is different from the
r I R IR i

ropomical universe.

v Universe = Systemn + Surrounding
" poundary
| The real or imaginary surface which separates the system from surroundings 1s
; called boundary.
¥

' i) Suppose we have a cup full oftea, the tea is system, the cup and other things are
sarroundings. The tea plus cup and all other thin 23 isuniverse,
i) Suppose we are studying the thermal decomposition of Phy NO,}, inabeaker.
System i Ph(NOy),
Surrounding  : Beaker+ Source of heat + every thing else.
Universe . Pb(NQ,), + Beaker + Source of heat + Everything else.
States of System

The condition of the system is called state of system. The vanaules such as
emperature, pressure, volume, enthalpy etc. describe the state of SYslum. Siate is of

Wotypes:

) Initial State of System: The state of system before it undergoes a change is
“led initial state of system. Suppose we have a beaker of water, It has some
Emperature and volume, which is its initial state.

i Final State of System: The state of system after it undergoes a change is
Called final state of system. Suppose we heat the water, as a result of this

®mperatyre chap ges, Itis its final state.

Change in State

The difference between two states (initial and final states) is called change in

¥ale. Foy example;

Chaﬂge 1 temperature (AT) = T,-T,
Change i pressure (AP) = P- P,
Chﬂﬂgein volume (AV) =V,~V,
Ch““«gﬂ in enthalpy (AH) = H, - H,

| (363)
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State Funetions (State Variables) -
A property wloch depends upon itiak amd finmal *ilﬂ’-*-‘ﬁ l systenmand i ek penden
ol the path Tollowed by the system is cilled siate funchol

For example. {empuﬁiturc, Pressure, volume. euthalpy, internal CNCEY e
all state functions. The properties such as heat and work are path dependent and ae
not state funciions. A i

11.3 Internal Energy _ ‘
I'he sum of all kinds of enercies (kinetic and potential energics) u‘i_thc COmponents
of'the system { particles) is called internal energy (E=PE+K.E) It15 FPEEEME“}' J
swnbui E. The S unit of internal encrgy is joule and non-S1 unit 1s calorie. The
internal energy depends upon motion of particles, their arrangement,
ntermolecular and intra molecular forces. Internal encrgy is the sum of kineticand
potential energies as we know. Now we should know that, potential energy is duetn
intermolecular and intra molecular forces whereas the kinetic energy is dug to
translational, vibrational and rotational motions.
K.E = Eqipions T Evvanstations T Enoutional _
Vibrational energy is due to vibrational motion, translational energy s dueto |
translational motion and rotational energy is due to rotational MOton. :
The internal energy of a system cannot be measured. However change
internal energy (AE}canbe calculated.
AE = E; - E, ol
Internal energy change (AE) of'a system is the amount of energy evolt
absorbed by the system at constant volume, The change in internal enetgY has?
portions: . |
i) Anumber which shows the magmfud:: of the change.
i) Aunit which also shuv:,'s the magn 1lj.1dn: ofthe change,
iii) Asign that is used to give the direction, |
IFE is positive, then E,is greater than E, (E,>E,)and if E is ne oative.
less than E| (E; =~ E)). ) v-ﬂ]ltlf
Keep in mind that the increase in the energy of the system pceurs
decrease in the energy of the surrounding and vice versa.
Anincrease in intemﬂi‘erlﬂt‘g}': | |
i) Can cause a chemical reaction when itis eno ugh to break the thd.s- o
iy Can change the phase of the system; that is, fusion or evaporation 11'133: ‘
iii) Can increase the temperature of the system which in turn increases
energy of the systerm.

then B J
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11.4 First Law of Thermodynamics

Frest law of thermodyvnanmes is the law of comservation of encrgy and is atated as:
CNETUY can nenther by ereiied wor destroved o can e .,-h;mgu:{! {Toin one [orm to
anether form. It may also be defined u:;.:éu: enerpy bost by the system isequal to the
cperzy gatned by the surrounding but the 1otal cnergy ol the umverse is alwiys

constant.
= AEgm + A Surndme =~ £/ETO0
The internal energy changes when a system cither gives off or gains energy
(heat). Similarly, the internal energy changes when a work is either done by the
system on the surrounding or dene by the surrounding on the system. The total
change inthe internal energy is the sum of work (w) and energy {q).
AE=q+w
This is the mathematical form of first law of thermody namics. The internal
energy of the system increases when work is done by the system on its surrounding
and vice versa.
Work has to be done when:
1} Weincrease the speed of car from 0 to 80 knv'hour,
i) We walk upstairs.
m} We lift a hammer.,
v) Anelectron in an atom is forced 1o go away from the nucleus,
v) Acation is isolated from anion in an ionic compound.
vi) A fixed amount of gas is compressed in to a smaller volume under the influence
of an external pressure; that is, the pumping of air inthe tyre.
In all of the above cases, the work has been done on the objects (system’), hence
the enétgy (P.E.) of the objects increase.
The work has to be done when:
I} The stone throws down the mountain.
) Tears streamdown the face.
i) Water flows down the hill.
V) Petrol burns inside the engine. -
\'? The wood and coal burns inside the stove,
Vi) The tyre of the car bursts.
Inthese cases, the work has been done by the system on the surrounding, hen ce,
the L"nﬂ'rgy of the system decreases.
The sign conventions for heat (q) and work {(w)are as under:
The g is positive when system absorbs energy; that is, for an endothermije

(331}
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process and q is negative when system releases energy. that 15, for an exothepmjg
Process.

The w is positive when the work is done on the system by the surrounding
and w is negative when the work is done by the system on the surroundings,

The AE 15 positive when the system absorbs energy (heat) and AE is negative
when the system loses encrgy.

Pressure-Volume Work
The product of force and distance is called work.

Work (w) = Force(F)x distance(5) -..oooooivniians (1)

S1unit of work 15 joule.

There are various kinds of work
but in chemistry we most commonly
deal with Pressure-Volume Work. Let
us consider a gas confined in acylinder
with movable piston as shown in the
figure. The internal energy of the

system is E, at initial state. A quantity
of heat (q) is given to the system. The
internal energy of the system changes

from E, to E, and the piston moves
upward.

In the figure. A is the area of the state state

piston, P 1s the external pmssfue on the
piston, F is force exerted by the gas on
piston and q is the heat absorbed by

Figure 1.1 Pressure-volume Work

the gas. |
As pressure is force per unit area, hence:
F
P= —
i A
Therelore,
F="PxA ke e eeas v {ll}

Wl
| et us assume that, the gas expands. As a result of this, the piston |r|||:|':.'1s’-f~m:I

b (initial height) to h, (final height). The difference of thege heights is equal 0
Ah=h,-h (iii) i
We know that, the volume of the gas in the cylinder is equal to cross =

area(A) multiplied by the height of the column of the gas(h). o

(392)
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AV - AXh (Aren = lenpth » width)

By applying the initialand final sigtes of syslem, we get

v, =Axh (V)
‘I'|l.'|_ =|~"!|._:{h|' e {‘k'}
Change involume( V) is

r ,'_'!J'l"r = 1|||,'rr— 1'i"rl .................. [‘I-"l.}

By putting the values of equation (iv) and (v) in equation (vi), we get

I
.-'lx'r a Ah[ g Jﬂl‘h]
AV = Alhy - by
AV = AAh {vii)
By rearranging the equation (vii}, we get
Ah =AV/A (¥l

Where, his change in height or the distance traveled by gas due to force.,
By putting the values of equation (ii) and (viii) in equation (1), we get:
W= PA x AV/A
W = +PAY .
(Positive sign shows that work has been done on the system (gas) by the
surrounding).
As, w = PAV
Therefore,
AE = g+ pAY

-+ Ithe work is done by the system, then
8E =g - pAy (OR) AE=q-w

1:1.] Heat Changes at Constant Pressure
“H Content of 4 system is called enthalpy. 1t may also be defined as: the

. @lenergy plus product of pressure (P) and volume (V) is called enthalpy, Itis

ehted by 1 Mathematically,
 H=E+py |
S Impossible to measure enthalpy of a system. However change in

It
g
.‘ P (8H) cap €asily be measured.

I“ (383)
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or

or

{1.4.2 Heat Changesat Constant Volume
Considera gas ina closed container, the volume of the gas 15 not chang

AH = H, - H, e (V)
H. =E, +P,V.

H1 = F‘l ¥ P|1'Ir'r|
By putting the values of H.and H, meq. (1)
AH = (B, 4P,V,) = (B +PV)) w00

AH = {EE - E11.|+|:\P2-1"'r1"P|1"'r1}

AH = AE + APV

When Pis constant whereas the gas is expanding, then we can Wik
AH = AE + PAV

AH = AE + w il (WherePAV=w)
According to the first law of thermodynamics,
AE =gq-w

By putting the value of AE equation (i}, we get
AH =q-w+w

AH =q {q=Amount of heat supplied)
This relationship is usually written as,
AH = qp

Where, subscript p means constant pressure,

od, TheeeP?

AV =0

or

or

According to first [aw of thermodynamics:

AE=4q- W

AE = q - PAV

Asvolumeis constanti.e. AV = O, therefore,

AE = q - PxO

AE =q-0 or AE = g

This relationship is usually written as:

‘E"E - q\l‘ mth,‘:.:i:‘:d

Where, subscript v means constant volume., All the heat give?

(gas)is used to increase internal energy of the system.

(394) ;
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11.5 Standard State and Standard Enthalpy Changes
The physteal ste of subsianee at 25°¢C ind at one atmosphere which 1s the most
ciable state is called stndard state. 1t is denoted by AH®. Where, A(delta)stands for
change, the symbol H for emhalpy, and the superseript degree sign () for standard
sates, Hence, the AH" means standard enthalpy change.
‘ The amount ol hewt released or absorbed (enthal py change) during a
F chemical reaction when all the reactanis and products are in their standard states is
" called standard enthalpy of reaction. 1t may also called heat of reaction. It is denoted
I by AH,,- Substances are said 1o be in the standard state at | atm: hence we use the
lerm “standard enthalpy.™ Here the subscript “ran” stands for reaction. Hence,
isread as the standard enthalpy change of reaction. Its unit is kImol ™,
For exothermic reactions AH?, values are shown by negative signs and for
endothermic reactions the AH_, values are shown with positive signs.
For example: ’
2H,+ 0, —— 2H,0 AH], = —285.8 kJmol™
C+0, — CO, AH?, | = —393.51 kimol™
The magnitude of AH is directly proportional to the quantity of reactant
- tonsumed in the process (or to the quantity of preduct formed in the process). For
Sample, 393.51kJ of heat is produced when | mol of carbon is burnt at standard
 siates. Because the combustion of 1 mol of carbon with 1 mol of O, releases
193.51k) of heat, the combustion of 2 mol of carbon with 2 mol of O, releases twice
& much heat, 787.02Kkl.
2C + 20, =% 200, AH; = -787.02 k]
1151 Standard Enthalpy of Atomization (AHS,)
The “nthalpy change when one mole of gaseous atoms is formed from the element at
"andard states is called standard Enthalpy of atomization. It is denoted by AH? | Its

ai®

MnitiskJ mol ! Forexample, the standard enthalpy of atomization of hydrogen is:

S LI -1
. W2hH, — 5 H, AHS, = 218kJmol
The standard enth alpy of atomization of sodiumis:
Nag) ——» Nag, AHS, =107iJmol ™!
(335)
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1152 Standard Enthalpy of Formation (AT )
The enthalpy change when ane mole ofa campouned 15 formed Trom s clemeny
their standard states 15 called standard enthalpy of tormibion. I 15 denoted by
AHY andits unit is kJmol ',

Cyy + Oy, —— COyy, AR = - 393.51 kimol!

Mg, + 120y, — MgQy, AHY = - 692 kimol !

A negative AH{ means that the _::ggj:ﬁ?}j}ﬂ_iﬁ more stable than reactants, o
example, CO, and MgO are more stable than their reactants. (O the other hand, the
positive AH? means that the compound is less stable than their reactants. For

i B,

example, NO is less stable than their reactants. (onsider the reaction,

Ny T Oy — INQy, AH} =+90.37 kKJmol”

The reactions which are exothermic in forward direction will he
endothermic in reverse direction. The enthalpy change for a reverse reaction i
equal in magnitude to that for the coresponding forward reaction but oppesite in
sign; that is, heat of decompesition of a compound 1s equal and opposite to heat of
formation of that compound, For example, the amount of heat released is 46.11K
for the formation of one mole of ammonia, The amount of heat required 0
decompose one mole of ammonia is 46.11kJ which is equal to heat of formation of
arnmonia but apposite in sign becausc the reaction in reverse direction i

endothermic.
N, + 3H, —> INH, AH® = — 46.11 kimol"
INH, —> N, + 3H, AH® = + 46.11 kJmot™

(250

Table 111 Standard Enthalpses of Formation of Some Common Substance 2t =2

' Ammonia NHy ~46.19 ||
Benzene: CHay | 4900 |

Carbon dioxide | COuy ~393.51 |
thyl aloohol | CsHsOHig “, ..23-_.--; Ik

—
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The stabihty o s compound has close relation with enthalpy of formation.
he enthalpy ol Tormation o 4 compound will enable you to identify a stable
..'1"'1"|"'”I“d' A -L'L‘JIH}T'.T'HI!ILI IS h.‘_llq,l i |_1,||_: “"Hlkhlﬂ which ]'34'15 |‘j{,'ﬂjT.iUE ar low nt—:ga[iy(‘;
cilues o eathadpy of formation and a com pounid 1s said to be very unstable which
s high postiive vithues of enthalpy of formation, On the other hand. the compound
yith high negative values ol enthalpy of farmation is said to be very stable.

11,53 Standard knthalpy of Combustion (AHT
The enthalpy change when one male of a substance is completely burnt in excess of
avygen at standard states is called standard enthalpy of combustion. It is denoted by

i AR Its unit is kImol . For example, heat of combustion of CH,, CO, and CO is
shown by the reactions:

r CHy + 20, —— C0,+ 20, AHY = -89 kJmol '
C+ 0, — (O, AHY ==393.51 kimol™!
C+ 1120, —— CO AHY =—110,5kJ mol™!

luble [1.2: Stndard Enthalpics of Combustion of Seme Cemmaon Substance at 25°C

] = =l & N A e
: e | o £
' oW B i LR i - a
= -— T . | B -5 - =

Hydrogen | Hag ~286 Ethylgm _| CiHyg | -1412

Methane | CHyy | -891 .ﬁ_’-"emiﬂﬂ | Gy | -1300

Butane CeHey -~ | —-2880 " |Benzene  CeHepy | -3270
& 7. | | 'E.Um | _‘133-_.

| ‘{_@ | CgHygy | —5474 | |Carbon monoxide
b"' 1.5.4 Standard Enthalpy of Neutralization ( AH")
The enthg) py change when one mole of hydrogen ions (H') from an acid react with
"emole of hydroxide jons (OH ) from a base to form one mole of water at standard
ates 15 called standard enthalpy of neutralization. It 1s denoted by AHT . Irs unit is
Umel” The strong acids and bases are ionized completely when dissolved in water
i;
HOly == 1+ I
W = Hpu (ug)

: H5(3 AL i
. IHy Mixing the hydrochloric acid and sodium hydroxide solutions, the
Mg sttuation oceurs: ,
+ R _ i i + . Bl B
(Hllnqp t C]';‘?J + (Nﬁi}qi + U'H“m) - l‘jiﬂlﬂ Nﬂ'iaq‘r'l' L Iinq}
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sodium ions and chloride ions remain as such. Heneu. the actual reaction i'_q-_“m. e
Hiy, + OHpy &= H0p AHY, = - 57.4kImg
The heat ol neutralization af any strong acid with any sirong base &
approximately equal to _57.4k)/mol, because the reaction involvey only g
combination of hydrogen and hydroxide 10ns. '

11.6 Heat Capacity |
The amount of energy regquired 1o raise Lie temperature of an object or a substar,
by one degree Celsius (or one Kelvin) 1s called heat capacity. It 15 denated by C
unit is joules per gram per degree Celsius (J/g"Cy or joules per mole per dege ;
Celgius (J/mol °C). 1t is measurcd at constant pres sure or constant volume,

Heat capacity may further be classified into s pecific heal capacity and molr
heat capacity.

The amount of energy required to raise the temperature of one gram o

suhstance (element or compound) by one degree Celsius | 1°C) or one Kelvin (5
at constant pressure 1s called specific heat capacity or just specific heat. It is denolod
by C,. Its unitisJ fg "C. The specific heat for water at | 5°C | g41/g° ‘aﬂdlhﬂﬁf
- on is 0.45)/g °C. Tt means 4.184 Joules energy is required to raise the temperdti
of one gram of water by one degree Celsius and 0.45 Joules energy is required®
raise the temperature of one gram of iron by one degree Celsius; that 18, Water e ]
about nine times more heat to raise the temperature of one gram of water 1Y
degree Celsius as comnpared to iron metal. Tt can be determined cxp-erim’-”“‘ﬂ}'hi
measuring the temperature change (AT}, the mass of substance and x;uamity of lﬂ'l
released or absorbed. The following equation is used to calculate the spcciﬁﬂhﬁf

q
C, &
f  muAT

Where, C, is the specific heat capacity, m is the mass of a substance: :
change in temperature, and g is the amount of heat released or ahsorbe ¥
positive for an endothermic process and negative for an exothermic &

The amount of energy required to raise the temperature of 2 b
equal to the productof specific heat, mass of a substance and rise in temP o

g = C, xmx AT

As C, is the specific heat capacity, by taking mass constant: the M
heat (¢) released (or absorbed) by an object (or a Sleaiancﬂ] is directl¥ prof
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ity femperature climee. The nierense i temperature increases the quantity ofheat
afanolect.

The s n'I"-.'||L-|:_‘._'L merpnred o pnpae the lemperature of vne mole of 2
bt By o deeres Celsie 110 o oy Kulvin (1K) is called maolar heat
apacty s denoted by C_its unitis [fmol °C

The specilie heat capacity of o substance can easi Iy be converted into molar
heat capacily by multiplying specific heat capacity ol a substance with its molar
[IMISS,

Molar heat capacity = Specific heat capacity x_maolar mass assnce

Every object or substance has its own Jeal capacity
fable 11.3: The hemr capucities of some commm substances and ablects @t room temperature
125°C)

Ahuminum (s) 0.900 fﬁmmnnig__{g] ] E{']'J_r: Cement | (.88 !
Copper(s) | 0.385  Benzcne (/) 174 ||Glass - | 084
Gold (s) 0129y Carbon tewachloride( | 0862 ||Granite | 079 |
Guphite (s) | 0.711 _||Ethanol (1) | 244 lseel | 045 |
[iron (s) 0450 | Ethyleneglycol () | 242 |Wood 176 |
Mercury () | 0140 [ Water (5 sy L ]

The water has high value of specific heat capacity, hence
) Itplays an important role in regulating the temperature of the earth,
i} Ttisalso used in the radiators of automobiles as a coolant.

i) It keeps our body temperature constant to a certain degree. Hence, our body
"eeds much energy transfer to increase or decrease the temperature of our body.

1.7 Calorimetry

The meas urement of heat of reaction is called calorimetry. The amount of heat

m?ﬁﬂsﬂdﬂr absorbed (AH) during a physical and chemical process can be measured

With g device, known as calorimeter. For example, a calorimeter is used to measure
"eat of neutralization of a strong acid with a strong base and heat of combustion

of; . | o
L 4 Organic compound burnt in oxygen. There are two types of calorimeters,
I '

; J S’rﬂﬂlﬁcalﬂrimcter

i
j E’“mhualﬂﬁmcter
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i) Simple Calorimeler Fhdericlrettr
It consists of an insulated container
with a thermometer and stirrer. It can
be used o measure heat of
neutralization of a strong acid with a
strong base and heat of solution. The
known quantities of reactants arc
placed in the calorimeter. The amount
of heat released or absorbed during a
chemical reaction is calculated lrom
the temperature change. Knowing the
mass of reactants mn the calorimeter,
the specific heat of the reaction
mixtre and the temperature change,
we can calculate the heat of reaction
using the equation:

q - Ca X m X 'ﬁ'T -'RMImr* iR

Because the pressure inside the -~ Figure 11.2: Simple Calorimeter
calorimeter is constant (1atm), hence, : i byl
heat change (q) for the process is equal
to enthalpy change.

q =£1H C,xmx AT

Ime_gﬂmmifa_ Theectoes
strong _acid with ‘a ‘strong base is !
.:;aj;u_]g_tEﬂ l;;;:;]'mglegg:lgrimﬁtﬂr. Ty
i) " Bﬂmh Calorimeter’
It consists of an insulated steel vessel
called a bomb. It has an ignition coil
and a platinum cup inside the bomb.
The bomb hasan inlet valve for adding
oxygen and electrical leads for the
ignition of mixture. Itis generally used
to measure the enthalpy of combustion
of foed, fuel and other compounds:

The known quantity of a Bonb Sl

. . . {Rencticn chamber] il
sample 15 placed in a small platinum Figure 11.3: E-Dlﬂh .:,,jnrlﬂ“

(A400)
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cup mside the bombe The Bomb 1g sealed andl oxygen is added in through an inlet
valve until the pressure inside the bomb is ahouy 20atm. The bomb is then placed in
qninsulated steelvessel containing known mass of water. The initial temperature of
water is noted by thermometer. The o mple is ignited by passing an electric current
through the 1gnition coil. The heat evplye during the combustion of sample raises
the temperature of bomb, water and other parts of the calorimeter. The rise in
 emperature of water is noted after every 30 seconds, Knowing the mass of sample
inthe calorimeter, the heat capacity of the calorimeter and the temperature change,
~wecan calculate the heat of combustion by the followin £ equation:

q = C o=xmx AT

B Example 11.1 & v
2

Calculate the heat of neutralization when 50mL of 0.5M HCI is mixed with
S0mL of 0.5M NaOH in a calorimeter at 25°C. The final temperature after
stirring the reaction mixture is 27.25°C. The specific heat of water is 4.184 J/g°C

and the density of solution is 1g/mL.
solution:
Change in temperature (AT) =T, - T, = 27.25°C - 25.00°C = 2.25°C
| Total volume of solution = 50mL+ 350mL = 100mL

Totalmass of solution = Density x Total volume = lg/mL "% 100mL = 100g

, _ _ S0mL « ¢
Number of moles of HClorNaOH = = " o x0.5mol L™ =0.025mol

Heatofa neutralization of solution = AH, = '? 1
The equation used to calculate heat of neutralizationis:.

AH, = q =C,x m x AT

n
Eym“jnﬂ the values we get,
AH, = (4,1841g™'°C"' x 100g x 2.25°C)
=-94].4]

| -941.451 _ 3 0414K]
mwuﬂﬂfﬂ“niﬂkﬂﬂjﬂulﬂ = T000)/'kJ o

M = - 37.656k}/mol

M.l"fﬂr one mole of HCl and NaOH = (1.025mol

evepe o
qfl-tt__‘i[_&[_;“ 15 negative because the heat is releas

| (401)
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Practice Exercise 1: |
When S0mL of 1,00M HNO, is added to 50mL of 1.00 M KOH solutigy, |
25°C in a calorimeter; the temperature of the aqueous increases to 3*3%1
Find outthe heat of neutralization in kilojoules per mole for the reaction, Ty,
. specific heatofthe solutionis4.184J/ g.ﬂC_and.dansit:.{-is 1.00g/mL., 1|

11.8 Hess's Law of Constant Heat Sum mation
Consider the formation of two moles of carbon monox ide from two moles of sy, |

and one mole of oxygen.

E‘Fi: ET ke I + ELIUEELI

The enthalpy change for this reaction cannot be measured directly althug
the CO gas is the major product, becausc the CO gas formed during the reate
further reacts with oxygen and forms some CO; gas. The enthalpy change for tz
above reaction can be measured indirectly using Hess's law.

In 1840, the Swiss chemist German Henn Hess (1802-1850), a professced

St. Petersburg university, Russia formulated this law. He 15 A Mg
}

nown as the father of thermochemistry. Hess's law states .
that the enthalpy change during chemieal reaction is same :
whether reaction takes place in one step or in 2 series of r
steps. Enthalpy iz a state function: hence, its change is Lt
independent of the path between initial and final states. -
Consider a general reaction in which A is reactantand D is produst. [n this fﬂﬂ':"m:.
< converted into £ by direct and indirect methods. Ina o lti-step reaction®”
are intermediate states. i
According to Hess's Law, the enthalpy change for the ove 1l rﬂhﬂ; .

f;qual to the sum of the ent}mlpy Ehangts, of the individual steps ndr

reaction.
AH = AH, AH, + AH,

Applications of Hess's Law n#-"‘
The enthalpy change (heat of formation) of methane, ethyne, CcO. h‘fﬂﬁ;ﬁﬁ
alcohol etc. cannot be calculated directly, They can be determined ™
using Hess's law. Some examples of Hess's law are:

Formation of CO,

The formation of CO, takes place by two methods: J
(402)



Dpirect method:

C+ 0, — Co, AH =-393.51kJmol™'
Indirect method:

C + 120, — o AH, = - N0.5kJmol™

€O + 120, —> co, AH, = —283.0kJmol ™

Cos 00— o, Al = -393 5klmol ™!

The enthalpy change remains same whether reaction takes place in one step
orinseveral (many) steps.
-~ Formation of Sodium Carbonate
lttakes place by two methods:

Direct Method:
INaOH + CO; —— Na0,+ H0 AH = - 89.08kJmol™!
Indirect Method:
NaOH + CO, — NaHCO, AH, = - 48.06kJmol’
NaOH + NaHCOy —— Na,CO,+ H,0  AH, =-41.02k}mol”
2NaOH + €0, — Na,CO,+ H,0O  AH = - 89.08%kJmol™

The enthalpy change remains same whether reaction takes place in one step
orin several steps.

1.9 Born-Haber Cycle
The Born-Haber cycle was developed by the German physicist Max Born and the
German chemist Fritz Haber to _calculate the lattice_energies of binary ionic

tompounds sych as MX.The Born-Haber cycle states that the sum of all the

¢nthalpy changes is ang}.rg equal to zero. Itis a special application of Hess's law.

Calculation of Lattice Energy of NaCl
¢ formation of NaCl oceurs by two methods:

Direct method:
© mole of sodiuym combines with half mole of chorine to produce one mole of

NaCl, The amount of energy released when one mole of NaCl is produced from its
ﬂEE"fh‘i‘:ﬁts is called heat of formation of NaCl. The heat of formation of sodium

Ondeis -411kJ/mol.
NHrHJ + ,J/EEIE(Q_I ——— NaCl,,  AHy =-411kImol !

L (403)
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Indirect metlod;

Lattice energy of compounds cannot be determined directly by experimenss -
be determined indirectly by means of an energy cycle because an1onic compoypg "
thought to be formed in aseries of steps.

The energy triangle diagram for NaClis:

- . AH .
T"E'[!c} \ I':-'11|_gp ’ > HH-:gl"'cl-:,gp

2

v

51 : . ll|HI.

AV AH,

Hﬂcliﬂ 3
The complete energy cycle called Bor-Haber cycle for the formation of |

. , H, ., . AH,
A Clygy ——Cly,
&
» I_ﬂ_[lil _;
Nagg, — I » Nag,

We can calculate the lattice energy of NaCl with help of five steps that &
given below: RE | i
iy One mole of solid sodium is directly converted into sodium VapOUrs. p
process is called sublimation. It 1s an endothermic process. The enthalpy
sublimation for sodiumis 107 7kJ/mol.
Na, — Nag AH| = +107.7k}/mol

ii) One mole of sodium ions are obtained by the ionization of one mole of ga-‘iﬂ““
sodium atoms. 1t1s an endothermic process. The enthalpy of jonization for 500
is 496kJ/mol. This is the first ionization energy of sodium.

Nagy —* Nag, + 12 AH, = +496.0k)/mol o
iii) One mole of chlorine atoms are obtained by the dissociation of half mol?
gas. It is also an endothermic process. The enthalpy of atomization for Cl
121.7 kJ/mol.

J"E; {_’I: _h {-1.|'|:E:| "lH; = - 12 I r?k]fﬂ]ﬂi gq
iv) One mole of chloride ions are formed from chlorine atoms by tbe

! - ” i \ 5 [
clectrons. It is an exothermic process. The enthalpy of ionization for
s 349 kJ/mol. This1s the electron affinity of chlorine.

(404)
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Gl - 1 R AN, = — 349.0klimuol

One mele of solid sodium clhlog e is formed by the com bination of one mole of

] lons. This s the process of lattice formation, It
is an exothernic process. The amoun; o energy releascd during the formation of
nal s called lattice encrgy,

Na,

vl
dium fons and one mole of el aride

Clyy — ——> NaCl, . AH; - 7

L i
_ We cannot determine Jattic
. Hess's law as: |
AHy = AH| + AH + AH] + AH] + AHC
! —411 =107.7+ 496.0 + 120.7 + (~349.0) + AHC
—411 =725.4 ~ 349.0 +AH;
—411 =376.4+ AH;
AH; =—411 —376.4 = ~787 4kJ/mol

The lattice energies of other compounds can be caleulated inthe same way.

¢ energy directly, [t can be determined by using

Practice Exercise 2: :
Calculate the lattice energy of KBr with the help of the following
information:;

1) Theenthalpy of formation for KBris-392.2kJ/mol

ii) Heat of sublimation for potassiumiis 89kJ/mol

1) The ionization energy for potassium is 419kJ/mol

) The enthalpy of atomization for bromine s 1 12kJ/mol

1’2 The electron aﬂimtygf; E£umine 15-324kJ/mol

T e e e e e —
- . R =T

-\
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e enceey of the universe |
- 1:3

According to first law ol (hermudynamics,
is the surm of heat (q) and werg

constant and the nternal energy change (AE)
(w): AE=g +w

The change in internal ¢nergy (AE)
absorbed by the system at constant volume. AE= 4,

In an exothermic Process, the heat flows out of the system while in i
endothermic process, the heat flows into a systemn.

Enthalpy is a state function. It is the heat content of a systemn. 1t s equal o the
sum of internal energy (E}and product of pressure (P)and volume (V). I

Enthalpy change (AH) 15 the amount of he

at constant pressure. AH=¢,
Thermochemical equation is the equatic
change duringa chemical reaction.

The enthalpy change for exothermic reaction 1s
reaction it is positive. | |
The amount of heat evolved or absorbed during a chemical reaction of physial
process is measured experimentally by using calorimeter. |
According to Hess's law of constant heat summation, the enthalpy chang?
during chemical _eaction is same whether reaction occurs in a single st
a series of Steps. |
The standard enthalpy of formation is the enthalpy change when one mo¥ ol
compound is formed from 1< elements in their standard states; that is, 8t

and latm. |
The amount of energy required to break all bonds in mole of substance iscl

bond dissociation Cnergy-

.« the amount of energy {hcat) evolved o

at evolved o absorbed by the system

n that shows the amount of et

negative and for endathenmc

e

ugﬁuﬁs and Problems

(i} The study of heat changes that accompany 2 chemical

Q.1 Four nswers are given foreach question. Selectthe correcton®: .4
Lt o

|

l

called:

(a) Thermochemistry (b) electrochemistry

(c) nuclear chemistry (d) chemical kinetics

(i) Which one of the following is NOT the unit of heat:

(ay Joule (b)Kelvin  (c)calorie  (c)kilO joul¢
(i11) F’Lﬂ?‘ thing whichis under observation or Expcﬁmﬂﬂt isca ™
{a] Umverse {h]’ huundar:,r {c} S}TS’EEI‘H [d*j Surmuﬂdiﬂg

(406}
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Q2

Ve EIRRY UHNE system during endothermic reactions is:
(gl Increased (b} decreased

(¢t neoitherinereased pop decreased

(d1  firstincreased and thep decreased

(+) The sum of kinetic encrgy and potential energy of the particles of
substance is called:

(a) Heatcapacity (b} specific heal

(d) enthalpy of the system (d}internal energy

(vi) Internal energy depends upon:

(a) Intermolecular forces (b) intramolecular forces
{¢) motion ofparticles {d) all ofthem

(vt} The enthalpy change is positive for:

(a) Combustion (b)yexothermic process
(c) ionization encrgy {d) electron affinity

(viit) One calorie is equal to:
(a) 4.184) (b)41.84) (C)4184]  (d)4184.0]
(1x) The heat of formation of carbon dioxide is:

() 3.9351kJ/mol (b) 39.351kJ/mol

(¢) 393 51kJ/mol (d)3935.1kJ/mol

(X)  Which one ofthe following is NOT a state function:
(@) Temperature (b} work

(¢) pressure (d) internal energy

Fillin the blanks with suitable words given in the brackets: |
() The majority of reactions which give stable products are

— . (Endothermic/exothermic)

(i) The w js _ when the work is done on the system by the
*urmoundings. (positive/negative) ,

(i) The energy of the system is during an endothermigc
Process, (decreased/increased)

(1v) Melting of ice is an process. (exothermic
Endﬂthﬂl‘mic]

V) The amount of energy required to raise the temperature of one gram of
4 substance gne Kelvin ai constant pressure is called _— .
(specific haatcapau:iry!mular heat capacity)

(407)



Q.3

(.5

{.VIJ ine EHETEI}' 15 IH—L"-'IUI..:U LER  LEam we oo L
| - —— W
change the enthalpy of the system. (pressure volume)

(vii) The cnergy is provided to the system al comstamt
change the internal energy of the system. (pressure/volume) B
(viii) The heat of formation of a compound 15 _ 1o heat of
decomposition of a compound. (equal/not equal)

(ix) Theequation for first law of thermodynamics is . [E=q
+w/AE =qt W)

(x) Theenthalpy change when one molc ofa _is formed from |

its elements is called standard enthalpy of formation. (Substance | ]
compound)

Label the following stalements as True o IFalse:

(i)  Thermochemistry isthe study of heat, energy and work.

(iiy  Enthalpyisnotastate function,

(iii) Abalanced chemical cquation which shows the enthalpy changeol
areaction is called thermochemical equation.

(iv) According to Hess's law, the enthalpy change is equal to the's
the enthalpy changes of the individual steps ina multi-step reaction.
(v)  Theenergy canbe created or destroyed during a physical change™

-ihemi::al change.

am ol

(vi) Inchemistry, we mostcommonly deal with pressure-volume wark
(vii) The Bom-Haber cycleis different from Hess's law.
(viil) Theheat of neutralization for a strong acid and a strong base "mﬂ

to-57.4kl/mol.

(ix) The unit of specific heat capacity is.J/mol°C.

(x)  Bomb calorimeter is used to determine the heat transfer ﬂtfmﬁﬁ
volume.

Dul'nu:rlm1”[.1!|1m-'inglm-lmz thurmuuhmtliaimjc-1llc.a]1d:a,lnl"1f- o
Deline heat. Explain with example, how energy is 1mnsfcr'fﬂd frof”
plece of matter to another”

Define enery. What s the difference between kinetic energY &
criergy’? Giive Lthe importance ol energy.

W hat is the difference between LUTtll‘jhu}alturc and heat?

1408)
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(e What is lff1-=.u|1;-~=|1n cad cquation™ What are exothermic and endothermic
A T A LRI L I R T Whainpfe Festiehy

Q.7 "ﬂ.u hat s sy sl SWHGH o von Know abouttypes of system?

Q.8 cive defimrtions fog gl Fdlow ing Lerms: 1
(@) Thermodynamics {b) Surrounding

{c) Boundary (d) Universe
(e} Stateofsystem
0.9 Wh.’;lF is meant by state functiom! Explain enthalpy is a state function but
heat 15 nota state function,
(3.10: Detine and explain internal energy of the system.
Q.11: Whatis first law of thermodynamies” Prove that:
(a) AHf=gq, (b} AE=g,
Q.12: What is meant by enthalpy? What is the difference between AH and AF?
The value of AH= AE in case of'solids and liquids, why?
Q.13: Give the sign of AH forexothermicand endothermic reactions.
Q.14: Give precise definitions for the terms given below:
(28) Standard enthalpy change
(b) Standard enthalpy of atomization
(¢) Standard enthalpy of combustion
(d) Standard enthalpy of formation
(e) Standard enthalpy ofneutralization
5: What is meant by the term heat capacity of a substance? Define and explain
specific heat capacity and molar heat capacity. Give units of each.
Q.16: Why we prefer to sitona hench made of wood rather than a bench made of
iron in a hot summer day?

Q.17 Define calorimetry. o |
(a) How do you measure the enthalpy of neutralization by simple
calorimeter?

(b) How do you me

calorimeter? o o
Q18 Whatis Hess's law of constant heat summation? Give its applications,

Q19 What is lattice energy? How does the Born-Haber cvele helps to caleulate

asure the enthalpy of combustion by bomb

the lattice energy of NaCl?
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Q21:

Q.22:;

Q.23:

i athermochermual u;]nmiun"’
Why the heat of neutralization of any SIrong acid with any strong hage (.
approximalely equal to -57.4kJ mol 7 '
The white precipitate of AgCl is formed when 20mL of 0.50moligy,’
solution ot AgNO, is added to 20mL of 0.50 mol/dm’ solution of N aCl. The
rise in temperature is 8.0 'C. Calculate the heat of solution in kilojoules per
mole. The specific heat of the solution is assurmed to be 4.184 Jg Cang |
density is 1.00g/mL. j
Calculate the lattice energy of lithium fluoride (LiF) with the help of the
following information:

a) Theenthalpy of formation for LiF is _594kJ mol .

b) Heatof sublimation for lithium 1s 155k) mal”.

¢} Theionization energy for lithium s 520k mol .

d) Theenthalpyof atorization for F,is 75kJ mol g

e} Theelectronaffinity of fluorineis _328kJmol .

Ly
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