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The students will be able to-
L] Deﬁm:th:i'mﬂd}'u&micﬁ.{f{emembeﬁng] :
. Classifyrca:tjﬂnsasemthennicmmduthcnnic.[Understanding]
"% Define the terms system, surrounding, boundary, state function, heat, heat capacity,
i ntemal energy, work done and enthalpy of a substance. (Remembering)

1 8. Name and define the units ofithermal energy. (Remembering) by e e

¢ IEslate a change in en;haipy to the heat, of reaction or heat pf;:nmbusﬁ,ﬁnl_iﬁfa

reaction. (Applying)

* Relate change in mternal energy of a system with thermal energy at constant
‘4 [iRermture andconstant pressure. (Applying) |
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| fmdﬁ(ﬁnalyzingj sl ot L , 7y
.- EXplain. reachibn' puctivay didghiin in tefms of Sithalpy éHinges’of the veaction,
" ,m“m}!abef‘s Cycle) (Applyipg}; :
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Introduction |

The branch of chemistry which deals with hegl changes durme a chemical reacig,
1s called thermochemistry, _ 1
The a'hility ar l;::]}m:iiy ol n hnd}, tar do work 18 -l.“d.l]f..'i.l CRErgy There are twy
main types of energy; that is potential energy, and the kinetic energy. |
Thcenmuvnfanubwuuhw1uh>pnm“m1ﬁﬂMngluuﬂwrmmemsmﬁmmd
in a molecule d':iL to its chemical bonds is callad potential eneryy. TI{E water held
behind a dam has potential energy because ol its height. The I-"E_l‘ftﬂhal energy of
water increases when the level (position) of water in the d;m increases and thy
potential energy of water deereases when the level {P"«"ﬁi“m” of water decreases
This water has no kinetic encrgy because itis nOLMOVINg. W
The energy of a system due Lo its motion 18 called %:.ine:liu encrey. All the
moving objects have kinetic energy. The magnitude anhe kll'lEl.IC energy qf a body
depends on its mass and velocity. The greater the velocity of Gl'{uﬂﬂtrﬁ. the higherthe
kinetic energy or/and the heavier the objects, the higher the kinetic cnfl:fE}f'- Wh"]
water is allowed to fall over the dam, its potential energy is converted into klm‘"ﬂ?
energy. The kinetic energy of fallmg water increases when the speed of ﬂ'-“"
water increases. Kinetic energy of the given mass of water is directly pmpﬂﬂlm“lm |
lheﬁquanzufﬂSSPEﬂd. i
The SI unit of energy and heat is joule which is defined as: the gmouft
energy cxpended when a foree of one Newton moves an object (body) “f,:ikg‘_
through one meter in the direction of force. Joule (1818-1889) was 8 Br; ot
<cientist who probed work and heat. Joule is a small unit of energy; We tlrlﬂf’ﬁw:l |
use the unit kilojoule for energy (1k] = 1000J). The non-SI unit of eneray and it
which is used in large scale is caloric. It is denoted by cal and is defined E;Gm
amount of energy required 1o raise the temperature of one gram of water I
14.5°C to 15.5°C (1keal = 1000cal). ol
Energy is very important for us on the earth, For example. the 009 *ﬂmt%
proyides the energy in thc_ form of heat t rcgulate our body temperature 3% s J
oul all other bodily functions. The buming of logs, coal and natural gas PO i
energy inthe form of heat to warm our homes. The burning of gasoline a0 g o
the engine of automobiles provide energy 10 run Engiucs. The energy releast ml.,a_-i
burning of fuel is used to generate electricity which in turn is used to light ‘f'“g o
computers, refrigerators and other appliances. The main source of energY
after that a large amount of energy comes from chemical reactions.
The transfer of energy between two objects due to difference in tetf
s called heat. Heat flows from a hot body 10 cold body until both ar¢ &
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femperature: et us umdarstind how energy is transferred from Ené_ﬁfcéﬂ of matter
o another. When a red hot iron bar is placed in cold water, the temperature of the
water increases, because the energy in the form of heat flows from iron bar (hot
body) to waler. On the other hand, the temperature of hot iron bar decreases,
because the energy in the form of heal flows away from it to surrounding (water).
This process of transferring of heat is continued till the temperature of the iron bar
becomes equal to water,

11.1 Energyin Chemical Reaction
Chemical reactions may cither be exothermic or endothermic, Those reactions or
processes in which heat is evolved (from system to surtounding) are called
exothermic reactions or processes (Greek: exd = outside; hence heat flows out), The
burning of gasoline, coal, and wood are the examples of exothermic reactions, The
other examples of exothermic processes are freezing, condensation, and deposition.
Some of the exothermic reactions are:
CHyp + 20:{3, — 2H.Q,, + COy, AH = -890.4kJ
Cin Oz — €Oy, AH =-393 51k}

Amount of heat released is indicated by AH with negative sign because heat
flows from system to surroundings. Majority of reactions which take place at
ordinary temperature are exothenmic,

During chemical reactions old bonds are broken and new bonds are formed.
Bond breakage is an endothermic process while bond formation is an exothermic
pracess. 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 is A process that is endothermic
eXothermic. In this case some of the potential |In forward direction is

j ) exothermic in reverse

tne s ; ' "' i ; ; :
rg}j IS Cony anfl into thermal energy. The direction, that is, evaporation |
Potential energy of the products is less than i an endo IC_ process

actants, that is why, the products are more stable  [while condensation, (he
than Teactants; that is, the bond in the products are | "éverse of evaporation, is an

" exothermic process.
More stronger than those of the reactants. N :
Those reactions or processes in which heat 1s 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'.,‘i“_fht‘nnic reaction, The other examples of endothermic processes are n_l'eltinE,

Vaporat, P o dothermic reactions are:
~ o0, and sublimation. Some of the en X
(387) 1 PTe
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weaker than those of the reactants.
hsorbed when reactants are converted il ]

Types of System

aH = !_l:"l“':k_] J

| Cis] + HI: -qlzb — CU'_gh"-f-H;;,E'._~,
AH = +180.5)11y

Nlta.i + Dlur.l —> 2ZNO,
Amount of heat absorbed is indicated by AH with positive sign, becayg hey

flows from surrounding to system.

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 reactiop i
endothermic. In this case some of the thermal energy is converted into potensy
energy. The potential energy of the products is greater than reactants, that are w |

the products are less stable than reactants; that is. the bond in the products u

|

The amount of heat evolved ora
products during a chemical reaction s
chemical energetic. The equation which
absorbed duning a chemical reaction is called th

11.2 Thermodynamics

The study of energy. work, heat, temperature and their relationship is known®
thermodynamics (Greek: thenm# = heat; dunamis = power). [t may also concemd
with energy transformation; that is, the transfer of energy from one object

substance) to another. Chemists give preference to the branch of therm

that is, thermochemstry.
There are four laws of thermodynamics, but only the

thermodynamics will be discussedin this chapter.
Some Thermodynamic Terms

System

Anything
laboratory) is called system.

called heat of reaction. It may also calld
shows the amount of heat evolved o
ermochemical equation ot reaction

first lawﬂf

: fon 2 | ot (R
(substance or mixture} which is under gbservation or cxpcnrﬂﬂlﬂ "

i) Open system: It can cxchange both energy and matter (mass) Wil
surroundings. Examples are open reaction flask, rocket, and an uncm’ﬁ"’d
(ea. The energy and matter do not remain same injan open system. itk
ii) Closed system: It can exchange only ene:rgt,' but not the matter massil&
<urroundings. For example, a scaled reaction flask, a gas inacl osed coni?
: is most readily study in thermochemistry.

iii) Isolated system: It can exchange neither energy nor n:q.all"fﬂmi

curroundings. A thermos flask containing hot green tea appri)i_’lﬂlﬂtei/’

sySth.
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Universe |
The system plus its surrounding s called universe. It is different from the

ystranomical universe.
Universe = System + Slll'mundmg

s penndary
FThe real or mmaginary surface which separates the system from surroundings is
b called boundary.
r? ) Suppose we have acup full of tea, the tea is s ystem, the cup and other things are
sorroundings. The tea plus cup and all other things is universe,
i) Suppose we are studying the thermal decomposition of Ph(NOQ, ), ina beaker.
System : Pb(NQO,),
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
Jkmperature, pressure, volume, enthalpy etc. describe the state of sysiem. Stule is of
otypes:

) Initial State of System: The state of system before it undergoes a change is
@lled initial state of system. Suppose we have a beaker of water, It has some

*mperature and volume, which isits initial state.

B Fina State of System: The state of system after it undergoes a change is
Glled fing] state of system. Suppose we heat the water, as a result of this

Emperatyre changes. Itis its final state.

Oangein Seate
The difference between two states (initial and final states) is called change in
e, For Example:

Chﬂﬂg':'m Cmperature (AT) = T,-T,
Chﬂﬂgtinpressure (AP) =Py P
ChﬁﬂEE nvolume (AV) = V,~V,
Changﬁinenﬂlajpy (AH) =H,-H,

i (389)




State Functions (State Yariables) rr |
A property which depends upon aritiad and fimal states ol sysban ke mdepende
o1 the path Tollowed by the system s codladd siote Tunchioh .

For example. temperature, pressure, volume. cuthalpy. internal encrgy are
all state functions. The praperties such as beat and work are path dependent and are
not state functions. AV =

11.3 Internal Energy 1
I'he sum of all kinds of eneveies (kinetic and potential EI'%DI'*.;NHIU‘]_[hC COMponents
of the system (particles)is called internal energy (E=PE+K.E) |t}ﬁ ?'cpreseptedby
symbol E. The S1 unit of internal encrgy 1s joule and non-S1 unit is calorie, The
internal energy depends upon maotion of partirlm_‘.. their HHR{‘JEE{!}HL
intermolecular and intra molecular forces. Internal encrgy 18 the sum of kmj:m,mi
potential encrgies as we know. Now we should know that. pf:rh:n_tlal energy is dueto
intermolecular and intra molecular forces whereas the kinetic energy s due 0
translational, vibrational and rotational motions.
K-E = Eyisons T Evrunstuionst * Enousionsi | . Ah
Vibrational energy is due to vibrational motion, translatmn.al energy 15 due
translational motion and rotational energy is due to rotational motion. :
The internal ¢nergy of a system cannot be measured. However change
internal energy (AE)can be calculated.
AE = E, - E, | _—
[nternal energy change (AE) of'a system is the amount of energy ﬂ":ﬁ
absorbed by the systemat constant volume. The change in intcrnal energy
portions: ' |
i) Anumber which shows the nmgmfudcnf the change.
i) Aunitwhichalso shm:.'s the mggmt‘ude of the change, ]
iii) Asignthatis used to give ﬂlcdlrecimn_' b
IfE is positive, then E, is greater than E, (E,>E )and if E is negatives |
less thn B (B, > ). et
Keep in mind that the increase in the energy of the system oceurs
decrease in the energy of'the surrounding and vice versa.
An Increase in intermal energy:

L
g

1

iy Can cause achemical react ionwhen itis enough to break the honds: o o
ji Canchange the phase of the system; that is, fusion or evaporation M/
iii) Can increase the temperaire o f the system which in tumn incre gses
energy of the system.
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11.4 First Law of Thermodynamics
First law of thermodynanucs is the law of conserviation of energy and is stated as:
ed but cam be changed from one form to

enendy can neither be ereated nor destpo
wenerey Jost by the system s equal to the

anether torme Itmay also be defined as:
cpergy gained by the surrounding but Me total cnergy ol the universe is always

conslant.

IﬂlE:l.ir-prv.r'«:n.‘: - ﬁF‘”Eystcm + ﬁEf‘;m!erﬂg = .;"'JSI"{‘.I

The internal energy changes when system either gives off or gains energy
(heat). Similarly, the internal energy changes when a work is cither done by the
system on the surrounding or done by the surrounding on the system. The total
change inthe internal energy is the sum olwork (w) and eneray {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} We increase the speed of car from 0 to 80 kmv/hour.
1) We walk upstairs.
i) Welift a hammer,
Iv) Anelectron inan atom is forced 1o go away from the nucleus,
v) Acation isisolated fromanion in anionic compound,
vi} A fixed amount of gas is compressed in to a smaller volume under the influence

of an external pressure; thatis, the pumping ofair inthe tyre.
[nall of the above cases, the work has been done on the objects (system), hence
theenetgy (P.E.) of the objects increase.
The work has to be done when:
I} Thestone throws down the mountain,
i) Tears streamdown the face.
i) Water flows down the hill.
V) Petrol burns inside the engine. *
"‘? The wood and coal burns inside the stove.
V1) Thetyre of the car bursts.
Inthese cases. the work has been done by the system on the surrounding, hence,
the tnergy of the system decreases.
The Sign conventions for heat(q) and work (w)are as 'Llni‘ﬂf.‘l“.
The q is positive when system absorbs energy; that is, for an endothermic

(381)
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process and q s negative when system releases energy. that s, tor an exX0théymie
PrOCeNs.

The W is positive when the work is done on the system by the surroundings
and w is negative when the work is done by the system onthe surroundings.

The AE is positive when the system absorbs energy theat) and AE is negative
when the system loses encrgy.

Pressure-Volume Work 1
The product of force and distance is called work.

Work (w) = Force(F)x distance(S) ... S (i) '

Slunit of work s joule.

There are various kinds of work
but in chemistry we most commonly
deal with Pressure-Volume Work. Let
us consider a gas confined ina ¢ylinder
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.

: (a) Inital (b) Final
In the figure. A is the arca of the state i

piston, Pis the external pressure on the
piston, F is force cxerted by the gas on
piston and g is the heat absorbed by
the gas. |

As pressure is force per unit ared, hence:

Figure 111 Pressune-voluwmne Work

F
p= — |
A
Therefore,
F :P}{h ST TSI LT

s (i1) P
et us assume that, the gasexpands, As a result of this, the piston moves
h (initial height)to b, (final height). The difference of these heights is equal ©©
A =Be=H  csessees (ii1) i
We know that, the volume of the gas in the cylinder is equal to cross 54
area (A) multiplied by the height of the column of the gas(h).
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fence:

AV —Ax h (Areq = lenptly x width)
By applying the initial and figg) states ol system, we get
Y, =AXh (1v)
V, = AXhe (v}
Change involume(V)is
r {iv — \"rr - 1'|':I .................. J:‘L"t}

B}" ]JH[']'I'lg IhE UHIUES Uft‘[]l]ﬂl]ﬂn (]\-’}{[nd 1'\,’] ]n equﬂti[)n "yi}! we gc[
AV = "d'lhf X Jﬂl.h,

AV = Ath, - h))

AV 2= ARR i (vii)
By rearranging the equation (vii), we get

Ah =AV/A (i)

Where, his change in height or the distance traveled by gas due to force.
By putting the values of equation (11) and (viii) in equation (i), we get:
w = PA x AV/A
W = +PAVY :
(Positive sign shows that work has been done on the system (gas) by the
Surrounding).
As,  w = PAV
Therefore,
AE = g+PAY
- Ifthe work is done by the system, then
AE=g - pav (OR) AE=q-w

1:‘-] Heat Changes at Constant Pressure
*heay “ontent of a system is called enthalpy. It may also be defined as: thle
el energy plus product of pressure (P) and volume (V) is called enthalpy, Itis

" “Medby . Mathematically,
H ~E+py .
L dtg mpossible to measure enthalpy of a system. However change in
™ wﬂf&neasily be measured.
(393)



or
or

or

or

AH = H, - H, (Vi)
H, =E, + BV,

By putting the values of H.and 1, ineq. (1)
AH = (E,+P,V,) — (B +P V) comincnimieninee (i)

AH = (E, - E))+(P,V;-P\V))

AH = AE + APV

When Pis constant whereas the gas is expanding, thenwecan Wik,
AH = AE + PAV

AH =AE +w o iveeieien (1) (WherePAV=w)
According to the first law of thermodynamics,
AE = q-—-W

By putting the value of AE in equation (i11), we get
AH =q-w+w

AH =q (q=Amount of heat supplied)
This relationship is usually written as,
AH =gy

Where, subscript p means constant pressure.

11.4.2 Heat Changesat Constant Volume I
Consideragasina closed container, the volume of the gas 1s not changgd,”fhﬂ‘"

AV =0

or

or

According to first law of thermodynamics:
AE =q - W

AE = q - PAV

Asvolumeisconstanti.e. AV = O, therefore,
AE =q - PX0O

AE =q-0 or AE = q

This relationship is usually written as:

AE = q, o
Where, subscript v means constant volume. All the heat given ¥ i

(gas) is used to increase internal energy of the system.
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11.5 Standard State and Standard Enthalpy Chlngeﬂ

The physteal SELE o substance o 25°C and at ane atmosphere which s the most

gable state s called standard seae. s denoted by AH®. Where, A(delta) stands for
change, the symbol H for enthalpy, and the superseript degree sign (7) for standard
sates. Hence, the AH® means s standard enthalpy change.

The amoeunt ol hL at released a4 Ith"nﬂ‘IHLLI {E'ﬂlhd]ri\- 'LI]!]“L._L:' d“"”&\ 4

r chemical reaction when all the reactants and procucts are in their standard states is

p called standard enthalpy of reaction. It may also called heat of reaction. It is denoted
I byAH;,,. Substances are said to be in the standard state at | atm: hence we use the
term “standard enthalpy.”™ Here the subseript “rxn” stands for reaction. Hence,
isread as the standard enthalpy change of reaction. Its unit is kJmol ™.
For exothermic reactions AHY,, values are shown by negative signs and for
endothermic reactions the AH_ . valuesare shown with positive signs.
For example:
2H,+ 0, — 2H,0 AH?, = —285.8 kJmol ™’
C+0, — O, 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 product formed in the process). For
- &ample, 393.51kJ of heat is produced when 1 mol of carbon is burnt at standard
 Siates. Because the combustion of 1 mol of carbon with 1 mol of O, releases
393 31kJ of heat, the combustion of 2 mol of carbon with 2 mol of O, releases twice
&much heat, 787.02kJ,
2C + 20, —— 2C0, AH; = -787.02 k]
IL5,1 Standard Enthalpy of Atomization (&H;)
Eenthalpy change when one mole of gaseous atoms is formed from the element at

“andard states is called standard Enthalpy ol atomization. It is denoted by AH?, . Its
* ”'“ll 5kImol”, Forex ample, the standard enthalpy of atomization of hydrogen i 15

o _ -]
| V2H,,, — Hy, AH®, = 218kJmol
The standarg enthalpy of atomization of sodium is:

T =1
Ny Nag, AH?, =107kJmol
(385)
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[1.5.2  Standavd Enthalpy of Formation (A )
The enthalpy change when one mole ol compound i [urmed ITem s clemeny In
their standard states 15 called standard enthiadpy ol tortion. I 15 denoted by
AHY and its unit is kJmol ',

C, + 0O, — CO

g1 :fl.l»:,
Plﬂgi:a-‘l T Ul‘l

A = - 393.51 kimol ™!

o —— MgOy, A = 692 kimol '

o pm— o

example, CO, and MgO are more <table than their reactants. On the other hand, the
positive AH! means that the compound is less | stabie than their reactants. For
example, NO is less stable than their reactants, Consider the reaction. -

Nay + Oy — 2NQy, AHS = +90.37 kimol

The reactions which are exothermic in forward direction will be
endothermic in reverse direction. The cnthalpy change for a reverse reaction i
equal in magnitude to thut for the corresponding forward reaction but opposite i
sign; that is, heat of decomposition of a compound is equal and opposite to heat of
formation of that compound. For example, the amount of heat released is 46.11K
for the farmation of one mole of ammonia, The amount of heat required [0
decompose one mole of ammonia is 46.11kJ which 1s equal to heat of formation of

aramonia but apposite in sign because the reaction in reverse direction ¥

endothermic.
N, + 3H, —— 2NH, AH® = — 46.11 k¥mol '
2INH, — N; + 3H, AH® = + 46.11 kimol™

Table 1.1 Standard Enthalpies of Formation o 70 5

I'Some Common Substance 3l

" Carbon dioxide | €O

'_.-_._.__--—-'-_ 3 1
Ethyl alcohol C;HsOHg

‘_-—"_"_-_-a_’__ Ty




The sabihny ofa compound has close relation with enthalpy of formation.
he enthalpy ol Tormation o) 4 compound will cnable you to identify a stable
ampound. A compaund s sal o be unstable which has positive or low negative
hues of cathadpy of formution and 3 comipotnd 15 said to be very unstable which
pas high posttiy e values of enthalpy of formation, On the other han d, the compound

B TP [yt guendr Y i i il e rdy Y 1

with |1l_=_:!_1_l'lt-‘;;i‘-f"-'h valucs Uf‘xlﬂhdip}’ of formation is said to be very stable.

(.33 Standard Enthalpy of Combustion (Al ")

The enthalpy change when one male of a substance is completely burnt in excess of

ovygen at standard states is called standard enthg Ipy of combustion. It is denoted by

4 i i l ¥ § " " : 1 i
AH - Its unit is kImol . For example, heat of combustion of CH,, CO, and CO is
shown by the reactions:

-H—-L-

r CHy + 20, —— CO,+ 21O, AH! =—§90 kJmol '
C + 0, — (0, AHY =—1393.51 kimol™
C+ 120, — (O AHY =—110.5kJ mol™'

Lable [1.2: Swndard Enthalpics of Combustion o Seme € smmon Substance st 25°C

Hydrogen Hg) -286 ‘Ethyl’i;ii&'-_'_____-l CiHyy | -1412

Mewoe | CHuy | -891  |Aceylene | CGibay | -1300
| Buane | Calgp | -2880_" (Benzene _ CeHey | -3270
‘{E‘H_ CHi | 5474 ||Carbonmonoxide| COw | -283
bl— 154 Standard Enthalpy of Neutralization (AH )

The enthg py change when one mole of hydrogen ions (H') from an acid react with
“emole of hydroxide ions (OH ) from a base to form one mole of water at standard
ates is called standard enthalpy of neutralization. It is denoted by AHY . [ts unit 15

| . - .
| Mol The strong acids and bases are ionized completely when dissolved in water
9,

H H’;ﬂ + e
CITEJ — H(nql + l['I[mll
1,0 . A
NaOH, 22, Negy + OH

ol By Mixing the hydrochloric acid and sodium hydroxide solutions, the
VIng situation occ urs;

(H[q|+ CJ!L;J + (Nﬁi;ql + DH;,q,) r— l‘."ﬁ‘:’i."r+ Na:nqr'“:lf;qj
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sodium 1ons and chloride 1ons rematn as such. Henee. the actual reaction is:

H{,, + OH,, —— ;0 AHY = =57 4kJmo] "

The heat of neuiralization of any strong acid with any sirong py, |
approximaiely equal to _§7.4k)/mol, because the reaction involves only e
combination of hydrogen and hydroxideions.

11.6 Heat Capacity

The amount of energy required to raise e iempetature of an object or a substing §
by one degree Celsius (or one Kelvin) i« called heat capacity, 1t 1s denoted by C g
unit is joules per gram per degree Celsius (/g “C) or joules per mole per dege
Celsius (J/mol °C). 1tis measured at constant pressure or constant volume.

Heat capacity may furtherbec lassified into specific heal capacity and moly
heat capacity.

The amount of energy required to raise the temperature of one gram ofd
substance (element or compound) by one degree Celsius (1°C) orone Kelvin (1K
at constant pressure is called specific heat capacity or just specific heat. It is denoled
by C,. Its unitis J/g “C. The specific heat for water at | 5°C js 4.1841/g°C and:h:iuir.
iron is 0.45J/¢ “C. It means 4.184 Jaules energy is required to raise the ternperdit
of one gram of water by one degree Celsius and 0.45 Joules energy is rsqﬂiﬁd”.'
raise the temperature of one aram of iron by one degree Celsius; that is, water e
about nine times more heat to raise the temperature of onc gram of watel 1’1"'#:
degree Cclsius as compared to iron metal, Tt can be determined Expeﬁnwﬂ;ﬁ{_' ﬁﬂ
neasuring the temperature change (AT), the mass of substance and quantity® l!ﬁ‘1

released or absorbed. The following equation is used to calculate the specific bett
C,&—
T mxAT

Where, C, is the specific heat capacity, m is the mass of a su bstanm-fif‘z ‘1

change in temperature, and ¢ is the amount of heat released or absorbed

positive foran endothermic process and negative for an exothermic pm,;ﬂgs.w F
The amount of energy required to raise the temperature of @ Su0 :

equal to the product of specific heat, mass of a substance and rise in emper®
g = C, xmxAT

As (' is the speaific heat capacity, by taking mass constan. the 4%
heat () released (or absorbed) by an object (or a substance) is directly
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its femperature Chimae, The inerepsy infemperature increases the quantity of heat
afanebiect,

The smount of i e e the lemperature of one mole of a
obstanee by one degree Celsis 11 ¢ or ane Reivin (TR ) s called molar heat

apaeity 1 isdensted by C_ L its unitis Jimol °C

The specilic heat capacity of u substance can casily be converted into molar
heat capacity by multiplying specific heat capucity of a substance with its molar
miss,

?'_'E"I‘Ehﬂt capl‘a'."iilf = Specific heat capacity x molar mass of a substance

Every objector substance has its own lieal capacity,

" fable 11.3: The hex capacinies of spme T S bstanees
25°C)

and abjedts @ room lemperatune

Ahuminum (s) 0.900 | |Ammonia(g) 209 ||Cement = 088
Copper(s) | 0385  Bemzene(h) | 174 ||Glass | 084
{bold (s) @ Carbon tetrachloridet) | 0862 ||Granite | 079 |
Graphite (s) 0711 | |_E‘Lhmml H__ 244 (Sweel | 045 |
[Iron (5) 0450 | |Ethylene glycol (/) | 242 |Wood 176
Mercury () [ 0.140 || Water (h @y [

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

i) It keeps our body temperature constant to a certain degree. Hence, our body
Iteds much energy transfer to increase ordecrease the temperature of our body.

1.7 Calorimetry

The Measurement of heat of reaction is called calorimetry. The amount of heat
"}Bﬁwd or absorbed (AH) during a physical and chemical process can be measured
Mith ddevice, known as calorimeter. For example, a calorimeter is used 1o measure
bt hegy ofneutralization of a strong acid with a strong base and heat ol combustion
“ N organie compound burnt in ox ygen. There arc two types of calorimeters,

i Simple calorimeter
} Bomb calorimeter
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1) Simple Calorimeler o hreier
i

It consists of an sulated container
with a thermometer and stirrer. L can
be used 1o 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 n the calorimeter,
the specific heat of the reaction
mixture and the temperature change,
we can calculate the heat of reaction
using the equation:

q = G, xmxAT ik s

Because the pressure inside the . - Figure 11.2: Simple Calormeter
calorimeter is constant ( latm), hence, . .
heat change (q) for the process isequal
to enthalpy change.

q =AH =C; xmxﬁf[‘

The hEﬂ liz tlﬂn Of 8 Thermomenst
strong_acid with' a "SME_ oy

I g

-ii) Bnmh 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 has an inlet valve for adding
oxygen and electrical leads for the
ignition of mixture. Itisgenerally used '
to measure the enthalpy of combustion

Water

of food, fuel and other compounds:
The known quantity of a Bowkh
, ; ; (Renction chamber] —"
sample is placed in a small platinum Figure 11.3: pomh €30
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cap mside the bamb. The bomib 1 seated amd oxygen 18 added in through an inlet
vatve natil the pressure mside the bomb is about 20atm. The bomb is then placed in
aninsulated steclvessel contaming known mass o f'water. The initial temperature of
water is noted by thermometer. The 44 mplc is ignited by passing an electric current
prough the ignition coil. The heat evalved during the combustion of sample raises
the temperature of bomb, water and other parts of the calorimeter. The rise in
 emperaturc of water is noted after every 30 seconds. Knowing the mass of sample

inthe calorimeter, the heat capacity of the calorimeter and the tem perature change,
~wecan calculate the heat of combustion by the following equation:

q = C xmx AT

Example 11.1 & X
Calculate the heat of neutralization when 50mL of 0.5M HCI is mixed with
30mL of 0.5M NaOH in a calorimeter at 25°C. The final temperature after
stiring 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)

Total volume of solution = 50mL+50mL = [00mL |
= Density x Total volume = lg/mL "% [00mL=100g

=T, — T, = 27.25°C - 25.00°C = 2.25°C

Total mass of solution i
0 .
Number of moles of HCl or NaOH =~ = 10—5-—; x 0.5mol L™ =0.025mol

Heat of a neutralization of solution = AH, = '? |
The equation used to calculate heat of neutralization is:

&Hn=qF=C,xmxﬁ.T

By putting the valyes we get,
AH, = —(4,184Jg™'°C"' x 100g x 2.25°C)
~-941.4)

941450 _ 0414k
Tmaiucufm,, inkilojoule = Tpp0)/k) ’

-0.9414k) _ _ 37 656k )/mol

W for one mole of HCI and NaOH = 5555454

rhtm

HEOfAH, i negative because the heat is released.
(401)
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Practice Exercise 1:

When SOmL of 1.00M HNO, is added to S0mL of 1-00 M KOH solugipyy

25°C it a calorimeter, the temperature of the aqueous increases to 33%;':
- Find out the heat of neutralization in kilojnulﬂs-pel‘mule for theteucumm

specificheatof the solutionis4.184/g."Canddensityis L. 00g/mL. =

PR
-

11.8 Hess's Law of Constant Heat Summation
Consider the formation of two moles of carbon monoxide from two moles of ey |

and one mole of oxygen.
:"CH waphiie ) l {:}: [P T * E{I Ll'[HL."I
The enthalpy change for this reaction ¢
the CO gas is the major product, because the CO gas formed during the reate

further reacts with oxygen and forms some CO, gas. The enthalpy change forth
above reaction can be measured indirectly using Hess's law.
in 1840, the Swiss chemist German Henri Hess (1802-18

annot be measured directly althug)

50), a professd

St. Petersburg university, Russia formulated this law. Heis 3

known as the father of thermochemustry. Hess's law states t

that the enthalpy change during chemical reaction is same 1
l

whether reaction takes place in one step or in a series of

steps. Enthalpy is a state function; hence, its change 1s -
independent of the path between initial and final states. B, N
Consider a general reaction in which 4 is reactantand D is produt. [n this rﬂad;{

s converted mto D by direct and indirect methods. [na multi-step reaction’

are intermediate states. al
According to Hess's Law, the enthalpy change for the overal r?,:d i

equal to the sum of the enthalpy changes of the individual steps in &

reaction.
AH = AH, + AH, + AH,

Applications of Hess's Law ;}:,4
The enthalpy change (heat of formation) of methane, ethyne, CO, bﬂ“ﬁf ol
alcohol etc. cannot be calculated directly, They can be determined T

using Hess's law. Some examples of Hess's law are:

Formationof CO,

The formation of CO, takes place by two methods: J
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Direct met hod:
I

+ 0, — €O, AH =-393.5 IkJmol ™'
Indirect method:
C + 11220, —s ©oO AH,; = - 110.5kJmol™*
€O + 120, — (o, AH, = - 283.0kJmol !
C *~ O, — w0, All = -393.5kImol”

The ﬂfllhﬂlmf change remains same whether reaction takes place in one step
orinseveral (many) steps.

> Formation of Sodium Carbonate

It fakes place by two methods:
Direct Method:
INaOH + CO, — Naf0,+ H0 AH = —89.08kJmol™
Indirect Method:
NaOH +CO,  —— NaHCO, AH, =-48.06kJmol”’
NaOH + NaHCO; —— Na,CO,+ H,0  AH, =-4].02kJmol”
2NaOH + CO, — Ng,CO;+ HO  AH = - 89.08kJmol™

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
‘ompounds sych as fdg,]he Bomn-Haber cycle states that the sum of allthe

cﬂlhﬂlpychanggg is always equal to zero. Itis aspecial application of Hess's law.

Calculation of Lattice Energy of NaCl
¢ formation of NaCl oceurs by two methods:
Direey method:
mole of sodium 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
Clements i called heat of formation of NaCl. The heat of formation of sodium

Onde is 411 kJ/mol. | |
Nag, + 14 Cly,, — MNaCl,  AHg =—411kImol

L (403)
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Indirect method;
Lattice energy of compounds cannot be determined directly by experiments, g
be determined indirectly by means of un energy cycle because an 1anic compoypg i
thought to be formed in a series of steps.
The energy triangle diagram for NaCl is:
el L
i ] AH ;
T\lﬂ[ﬂ L '2(-11“5-' ——m— Nﬂ'ﬂ“ llCl':E‘
ML
AM|

NaCl,,,
The complete energy cycle called Born-Haber cycle for the formation of
NaClis: Na,, +1§E13m Lt — NaCly,
. : AR, = abl,
A, Cl,, —=—Cly
+
X A4, ;

We can calculate the lattice energy of NaCl with help of five steps that ¥
given below:
iy One mole of solid sodium is directly converted into sodium vapouss T
process is called sublimation. It 1s an endothermic process. The enﬂlalpj'd

sublimation for sodiumis 107.7kJ/mol.

Na, —* Na, ﬁi'f[ = +107.7klmol

ii) One mole of sodium ions are obtained by the ionization of one mole ngﬂ?'ﬁ

sodium atoms. It 1s an endothermic process, The enthalpy of ionization for 5055
is 496kJ/mol. This is the first ionization energy of sodium.

Nag - + Nay, + 12 AH. = +496.0k)/mol

: d
2 » ofﬁ"

iii) One mole of chlorine atoms are obtained by the dissociation of half mo

gas. It is also an endothermic process, The enthalpy of atomization fof ck
121.7 kJ/mol.

Jp Cly —— Ly AH =+ 121, 7k)/mol
jv) One mole of chloride ions are formed from chlorine atoms by the ad
clectrons. It 15 an exothermic process. The enthalpy of ionization of
is—349 kJ/mol. This is the electron affinity of chlorine.,

(404)
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Ll * 10 L AN = = 3490k ) mol

o Onemeole of sohd sodiim chilorige i formed by the combination of one mole of

lons. This is the process of lattice formation, It

wan ¢ \.“Ilhmﬂlf p!’{!'Ll.w,q Thi armoun ['fl‘l LT‘ErE}I m!Eﬁ.hLd du]-"-lg the ﬁ]l'matmn ﬂf
NaCliscalled lattce energy,

codium sonsand one mole of ¢l loride |

Nitg ! (I'&" I S A, - %

:l

We cannot determine lattice encrgy directly, It can be determined by using

| Hess'slaw as:
J AHg = AH| + AHY + AH! + AH + AH?

| A1 =107.7%496.0 + 1217 4 (~349.0) + AW
411 = 725.4 - 349 0 +AH. '
411 =376.4 + AH;

AH; =—411 -376.4 = <787 4kJmol
The lattice energies of other compounds can be caleulated in the same way.

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

1) Theenthalpy of formation for KBr is -392.2kJ/mol

ii) Heat of sublimation for potassium is 89k J/mol

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

iv) The enthalpy of atomization for bromine is 112kJ/mol
) Theelectron aﬂimtlof bromine is —324kJ/mol

-. B i - — - - S
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ngsrﬁtii;s and Pi’nblet!ls |

Q.l. Four answers arc given foreach question. Selectthe comrectont: g *
+0 ‘r,l.’h '

According to first law of (hermudynamics, the €nciEy of the unverse
constant and the internal energy change (AE) is the sum of heat (q) and wer
(w): AE=qg +w

The change in internal energy
absorbed by the system at constant volume: AE= 4,

In an exothermic Process, the heat flows out of the system while in @
endothermic process, the heat flows into a sysiem-

Enthalpy 15 a stale function, It is the heat content of a sysiem. It is equal 1o the
sum of internal energy (E)and pr oduct of pressure (P) and volume (V). | l

Enthalpy change (AH) 1s the amount of heat evolved or absorbed by the system

(AE) 18 the amount of energy (heat) evolved i

at constant pressure: AH =4,

Thermochemical equation is the equation that
change duringa chemical reaction.

The enthalpy change for exothermic reaction 1s negative and for endathermic.

reaction it is positive, |
The amount of heat evol ved or absorbed during a chemical reaction of phy mﬂ

process 18 measurcd experimentally by using calorimeler.
According to Hess's 1aw of constant heat summation, the enthalpy chate®

during chemical reaction is same whether reaction oceurs in @ single step®

a series of steps.
The standard enthalpy of formation is the enthalpy change when one molet
compound 1 formed from its elements in their standard states, that is, 8¢

and latm. |
The amount of energy requiredto break all bonds in mole of substatce i

bond dissociation cnergy. _

shows the amount of heat

(i) The study of heat changes that accompany 2 chemical *
called: |

(a) Thermochemistry (b) electrochemistry

(c) nuclear chemistry (d) chemical kinetics

(i) Whichone of the following is NOT the unit of heat:

(ay Joule (b)Kelvin  (c)calorie () kilojoule

(iil) Anjﬁhmg which is under observation or expcﬁment isﬂﬂu':d:

(a) Universe (b) boundary (c) system (d) SMm;.uni.ﬁﬂ@
(406)
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Ve IR DUIE system during endothermic reactions is:
(al  Increased (b)decreased

(¢} neitherincreased nor decreased

(d}  firstinereased and then decreased

(v} The sum of kinetic energy and potential energy of the particles of
substance is called:

(2) Heatcapacity (b) specific heat

(d) enthalpy of the System {d}internal energy

(vi) Internal energy depends upon:

(a) Intermolecular forces (B) intramolecular forces
(¢) motion of particles {(d) all ofthem

(vit) The enthalpy change is positive for:

(@) Combustion (b) exothermic process
(c¢) ionization energy {d) electron affinity

(vii1) One calorie is equal to:
(@ 4.184)(b)41.84] (c)4184) (d)4184.0]
(1) 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 of the following is NOT a state function:
(2) Temperature (b) work

(€) pressure (d) internal energy

Fillin the blanks with s.uitable words given in the brackets:
(1) The majority of reactions which give stable products are

— . (Endothermic/exothermic)

() The wis ) when the work is done on the system by the
“Imoundiings. (positive/negative) _

(1ii) The energy of the system is during an endothermic
pT”‘"*"-"ﬁ(dccreasedfincreased] '
(iv) Melting of ice is an process. (exothermic /
E“doﬂiﬂrmicj

(V) The amount of energy required to raise the temperature of one gram of
4 substance one Kelvin at constant pressure is called e e
(Specific pegy capacity/molar heat capacity)
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change the enthalpy of the system. (pressu re/volume)

(vit) The cnergy 1s provided to the system at constant ‘
fthe system. (pressure/volume)

—

change the intcrnal energy ©

(viii) The heat of formation of a compound 18 . 10 heat of
decomposition of a compound. (equal/not equal)

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

(x) Theenthalpy change when one molcofa  isformedfron
its elements is called standard enthalpy of formation. (Substance |
compound)

Label the follewing statementsas True or Ialse:

(1) Thermochemistry is the study of heat, energy and work.

(ii)  Enthalpy isnotastate 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 t the sumol
the enthalpy changes of the in dividual steps in a multi-step reaction.

(v)  The energy can be created or destroyed during a physical chang™

chemuical change.

(vi) Inchemistry, we mostcommonly deal with pressure-V olume Wtk
(vii) The Bom-Haber cycle is different from Hess's law.
(viii) Theheatof neutralization fora strong acid and a strong base ¥ e

to-57.4kJ/mol.
(ix) Theunit of specific heat capacity i8 J/mo/°C.
(x) Bomb calorimeter is used to determine the heat transfef at ﬁﬂﬂ“’

volume.

Define the following terms: thermochemistry, jmni«:.andmh‘,-ic. o
Deline heat. Explain with example, how r:'m:.[‘gs; o ranskere froM
prece of matter to another” o A
Deline energy. What s the difference between kinetic energy and P
energy? Giive the importance ol energy.

What 1s the difference between temperature and heat?
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Ot What is H:M_'ln-viu-lnn-ul vortion” What are exothermic and endothermic
reariions Tenve an esaonpte af egch

QT \'1.5 har s S\ _'TlL'H]'? What deyou klli?‘-\'{lb-’..’rlll‘!v{ws aFsystom?
on Il'l.i.‘l-.il..'flllnllln'\ Lo thy !'nil.m.inl[_: lerms: ’
(a) Thermodynamics (b} Surrounding
(¢} Boundary (d) Universe
(e) State ofsystem
Q.9 Wh'ﬂll is meant by state function! Explain enthalpy is a state function but
heatis notastate function,
Q.10: Detineand explain internal energy of the system,
Q.11: Whatis first law of thermodynaimics” Prove Lhat:
(a) Al =gq, (b) AE=¢q,
Q.12: Whal is meant by enthalpy”? What is the difference between AH and AE?
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 defintlions for the terms given below:
(a) Standard enthalpy change
(b) Standard enthalpy of atomization
(¢) Standard enthalpy of combustion
(d) Standard enthalpy of fbrmatjnn

(e) Standard enthalpy of neutralization
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 tositona hench made of wood rather than a bench made of

Q.15

iron in a hot summer day?

Q17: Define calorimetry. o |
(8) How do you measure the enthalpy of neutralization by simple

calorimeter? _
(b) How do you measure the enthalpy of combustion by bomb

calorimeter? - -
V.18 Whatis Hess's [aw of constant heat summation? Give its applications.
Q.19 What is latice energy? How does the Born-Haber cvele helps to caleulate

the lattice energy of NaCl?
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e athermochemical equation?

— ey

© Why the heat of neutralization of any SUong acid with any sirong by, s

approximalely equalto -57.4k) mal 7

: The white precipitate of AgCl 15 formed when 20mL of 0.50molgy,’

solution of AgNQ, is added Lo 20mL of0.50 mol/dm’ solution of NaC| The
rise in temperature is 8.0 % Calculate the heat of solution in kilojoules pe
mole. The gpeuﬁ(, heat of the solution is assumed to be 4.184 Jig T ane
density is 1.00g/mL.

Calculate the lattice energy of lithium fluoride (LiF) with the help of the j

following information:

a) The enthalpy of formation for L iFis-594k) mol .
b) Heatofsubli imation for lithium is 155kJ mal ™.

¢) Theionizationenergy for lithium is 520kJ mu’l’

d) Theenthalpyof atomization for F,is 75kJ mol '

e) Theelectronaffinity of fluorineis ~328k] mcl ‘
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