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ExOTHERMIC REACTIONS

1t S a natural dqerdency of any Systemn o go
to tre lower enevgy State by itself. Such ckanges ave
called spontonenus changes.

A Spof\*tthOus change is aC(.omPa'\'\e.A by decrease
in heak enecgy | in other words heat is evolved. A process
i~ which heat ¢  evolied 15 called an  exothermiC process,
The heat of veacktion ‘n this case s  woribten ks

neaa_ﬁve_ 5;8”.

" ENDOTHERMC REACTION

bR endothermic process is one  in  which

by o positive sign. t

i —Kotracademy.com

e

Scanned by CamScanner



 PROPERTIES  EXOTHERMIC  ENDOTHERMIC

_1- Flow of heat erergy: .
Sysferm fo swroondmﬁm §urroondmg 4o sgs em

L2 TémP__efcﬁuYe o{: SUYYOUhd'mﬁ g I
Thncreases Decrease

3. Té\mFevcd-ufe oF Sysiem:
Decrease. vaorease

4. Ehgrg_«j oF PYOdUC'\‘S :
Low High

| 5 Stabilty of .PYQC\UCt‘- ~
Move Stable Hhon veatlant less Slable han veactkar

6. Eneragy oF veactants:
High Low

1. Strength of bonds in producis
| -S-h'ong Weak

2. S*Yehq*h OF bonc\a v Yeactants '
Weak %-l'rcv\g’

q. Erthalpy Chcmge (AH)
Neqahve, ; Pos‘lt!‘\le T
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___EXAMPLES OF ExXOTHERMIC REACTIONS

- C +0, —>cCo,

2. Respiration ;

CM O, + 60, —> 6C0, + EHL0

2. Neutrali zation

NaCW + HU —» Nali+ H- 0

EXAMPLES OF ENDOTHERMIC REACTIONS

- Ny + 0, —> 2RO

1. lhermal Decomposition -

3. Dissolution :

NHyNO 5, = NHNO; agy

¥ Tt & expected Hhat all exothermic yveacHons ave

Spontaneous. But it & not always Frue.
4 Some endothermic reactions ave also Spontaneous in

nocture .

¥ The 5PQY\'\‘&M‘*H Of O Yeolckion canm be measured by

Study of 4he free enmerqy of the system

AG = AH - ATS

& — ; "

T AS et TA S uerpundst TAS system
3 Gibb’s free | |
eneTgy AS . Entropy change

T - +émPem+Uf€ in Kelvin
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AG = vwve = non -5Poh'\-a.ne,ous veaction

8a = -ve » spontanepus veaction

_ SYSTEM

A suystem e dhat patt  of the unwvevsé which

iS5 under <adentific concideration,

SURROUNDIN G

The portion of pnwverse  except system 3

called  Suy roundimg_

STATE

The condrton o{: O- %\:\S\'Qm 1o called gtate OF

the oystem.

STATE FuncTIiON

B wacvyoscopic  propevty of a system  which

has some defintte  values -ﬁ)Y initklal and {inal S+a+ei

and  which is independerit of dhe paih  adopted to

oving cbout a chang,

_5 Pressure (P) , 2 roperatuye (1) ) volume (V) R nernal enerqy |

LE) OJ'\A en\'ha\pl_,’ ‘CH) ove. o\l gbaia ‘F\U\CHOY)S,
5 Capital Symbols ave used for State  function.

5 Peab oand work are rot  state functions,
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~ INTERNAL Encray

the "Sun of potertial energy ard et energy of

-~ .
A Substanmce g called ite internal energy

OR

‘ he sum  of all possible kinds  of  enevgies of all
Pa{{:zcles o{: a Q{Qtam s called i<

internal energy CE)

KINETIC, ENERGY
I~ T\'CmS\aﬁonq\ K-E Cmoho—a'h)m'lc)

2. Rotatiomal [E (tetra atom)

3. Nibrational KE ( di-atomic)

ENTIAL ENERGY

1. Intra.moleculax fovces

2 .'In\:ex_molecu\a 0 -Force_%

Gy

_EFFecT OF INCREASE Ty INTERNAL ENERGY

I The ternperatuve of -the ;Hdem May iy gease

D, A PhC&SQ Chaﬁge mg OC.CUY

3. A chemical veactiorn woy dake place.

Scanned by CamScanner



__FIRST LAwW OF TueRMODYNAMILS

5 his law  slatee +pot energy can neither be Ueabﬁd:

not_destroyed  although it ra
change from one form
to another, D v g€ _Jromn

2 OR

The total _energy o the gystem and iks  Suvroundings
is consevved.. ) | o

.

= Based on law oF consevvation of énevgy,

AC - g, + Ppy
AE=<1/v

———

The only to Hype of ik
the PV work. tonce | uprk

In _thermodynamics i<
is done when A

8Ystem ex.pands.

% AE = g,
Heat absotbed at  constant Volure )
incvease Hnhe Internal enevrqy

S used 4
and o wserk g done

on\g

\GN \) N

L \A\ofk _dong by ﬂ'ﬁfi syctem on "(he.‘ Surrounding s ¢! o
2. Worlkk done on the sgs{-ém by the SVYfo undinge €y ?

3. Heat axwovbed by  suctom (endoi-hermuq .
. Heo.t; absorbed by suvround {-rom:ﬁgsfen« (exafhemt)

s ¥

—

(_f.’

2

LS
S
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T
—— e amount of Keat evolved oy akcorbed in a
Meal reaction 1 called heat of <eackion.

___Heat of voaction ie
_And  One atmo sphexic  pressuve
charge . Tt is  denoted ky AN°

measuved. at  25°C (298 K)

'S known as enthalpy

——

IF a veacw 4 : '
}_W_"F ON s exotheymic when qoing in one direction

%

I Wil be endotermic n Yhe vevevse directon. When
@ Yeackon is veversed , Yne wmagnitude of AH® vemains

the Same put te sign  changes.

c+ 0, —> CO, AR . _3q3.5KT
COQ_ — C,-\-O-,_ AHO - +5Q3-5 kI

Cnange T Entnolpy
A = H produets = Hyeac-ran‘is

Fov exothermic | DH = -ve
Fov endothermic , AH = +ve

—> The ctandard ctate of any cubskance i +aken
as its matual ¢tate at 298k (25%C) under one
atno$phenic  preccure ,

= —Koracademy.com-
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:_ENIJAALPY OF_ReacTioN ( OHY)

The erﬂhalpﬂ charge which ocecuys

_number of moles of veactarts as indicated by w
I ChQW\iCDl___ CQuaticn , eack together comp/e-[-e{g o give +he
products undey sfundarc[ conditions, ud

24, 4 O3 —> 2H,0 AR = - 285, 8T mol

“ENTHALPY. O ForMBTION  (AHF)

The c/’)aqqe oF eth/walpH when 0One mMmole OF L
_a compourd. is  formed.  from atormg  of its  elements k
€ +O0, -~ CO, AHe = -393.7kImol”™ -

:ENLHALPV oF AtomzATION  (AHat)

The enthalpy change when ore mole of
_Qasepus aloms are ﬁDYmed fronn, a wolecule sy an
elernent vnder standard. condibions,

V2 H‘:. tay —> Heg) AH;&: —~2AR kT wma\™"

ENTHRALPY_OF NEUTRALIZATION (AW,)

Tre amount of heat ewlved when ore mole
of hydmwgen ions 4t from an  acld, veact with one
wole of- hydwoxide ‘ons (oH™) from a bace Ip form one
mple  of water. . | |

The en-}hal,oy O/’ neutralization of Nad¥ by  Hey S E
-57 4 k¥mol™
NaOH +HClI —y Nall + H,0 M, = —571.4 kTwoi®

_Koracademy.com
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:EJ:\I_B&P‘I OF tOL‘\_B_uanx_x_s__(Al:_L"_)

The emthalpy change when orne mole of «
Substance s Completely buwnt In excess of oxygenr
__under  Standard  conditins

CaHe OH +30,— 2¢0, + 3,0 ARG = ~ 1368 kT mel”

_ENTHALPY OF SoLUTIoN (AH .«:a;)

[he  amount of _heat absorbed. oY evolved. when
one _rmole o a  substance s dicsoved In $o much
Solvent  that further dilution —esults in no debectable

__heat  charge

NHCl oy +09) 2 NUClagy Al = +16.2 kTmol™

“ ExAMPLES  OF REACTIONS WHEN AW = ~ve
- Enthalpy of atomization
2. Enthalpy of ionization

¥ EXAMPLES OF REACTIONS WREN AW = -ve
I Enthalpy of meutalzation
n. Enthalpy of combustion

¥ ExAMPLES OF REACTIONS WHEN AW’- ave ov -ve

1+ Enthalpy of formation
2. En‘rhal.()y o-f' solution
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" DIFFERENCE ETWEEN  INTERN
| AND ENTHALPY

INTERNAL ENERG p—pr T P

T+ ie defined as The -otol

Tt s denocted by °¢E°
Tt 1= the Sum of knetic and petertial e nevyies

-

-
2
2.
Y. Foymula:

E E e
5. T s expressed- in joules oY

n

calovies

_ENTRALPY

. Tt 1e  defined as  sum Df internal
d: pressuYe and. Volume of 1The SYystem,
2. Tk io denoted by ¢H’
3. T s colcwloked by
H= E+PV
y T o expessed n keal mol™ oy kTmoy™

energy and product
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s HeAT CapaciTy

e

b i et 'H'Qa't Ca,[bad*ﬁd e e ('_O_.Pad%\lj OF Tne <y stenA to

absovb Chea-!:\. cw_\cX Stove enevygy >

' The heat Capadb\\{ of a Syctem s the heat alpeotbed

by o  cystems  in YAUING  the dempexatuve by ore degree

' (k or <)

ST Omik - ¢

Heot capacﬁg{ e ax,P\resied N Ywo way.s:

1—) IQ‘Pec‘rF—Tc +Heoct 2) Mol\av  \eat cq_pac}{:\./

SPECIFIC. HERT

It e the omount of' heat abeotbed by

~7

1 gram of a cubstance 4o 7he vake e Jemperatuve

by 4 ez olegyee.

"Mowpr _Heat Caencity

The arount of heat vequired o vaie the

temperatvre  of ona  ynole of the Substance thvough

1T or 4K

e
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_MeasUReMENT OF ENTHALEY OF REACTION

There ave #wo  basic  methods to measore  the enthalpy
of ~veackion :
4. Experlmenta( medhods

a. Direct calovimetry

b. Indirect calovimetry

2. Jheoretical. ymethods

a. Hess's law Ay constant heak Summatisn
b. BDon Haber’s cycte

4. DIRECT CALORIMETRY

—> A caloyimeter consists of an mnsulated container
filled with water jn  which a veactHon chambeyr ig
{mme\’sed

- Tn the cace of an exothermic  vYeacHon | +the heat
generated 1o traneferredd 4o water and the vice
termperatore of water 18 measured.  with thermometer.

- From  Specific  heat, Hdemperature  change , & The
amourt  ©f heat eyoved oy abcotbed.  jn  veaction
¢can be caleulated by usng  equation

o= mCAT
7 : mole of substance.
¢« wolar heat capacity |
AT : charge In  teraperature
ictince i M (Toch) . . MR,
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b?_, measweo(

Heat of ~eacton of hoce Yeactions  carn
by calovimote Y,  wwhich

ave in  gingle Step

4H~I_&_Q|_3,EL1_~_CA.LQBumeligy

T this  method enthalpy change i
_ CQleulated  indivecHy ugdng Hess’s  Law )

" HesS’s Law

The ~ amount oF energy evolved oY abzovbed.
in & chemical ~veaction i the Same whether the
reaction 4akes place In o Single  or  ceveral steps”

At
JAN 4|

A -~ B
\g.m' /

/
€ ——b
- LadhA L .

AR = AHa + AM,* AH,
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__EzQR m_HAbERﬁa.L

Sum of energy -
closed. cycle , fiom He  Same iniftal and  final states, 'S

] » a'
c hangé which occuys N

Zero -

T+ enables us +o calculate laltice energy of binaty

cornpeunds (tonic)
= AW ceycle) = 0
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__¥ The ctandard enthalpy of formation for an element
E N its  etandard  state is zevo,

> SPQCIF(‘(_ Heat Capacity (&) = Heat
gram x AT

* Molax Heat capacity (¢) = Heat

moles X AT

w T6 find vnolax heat capacity when Specific heat

CAPQD(T’;{ s glven:
Mulkiply .specifu‘c heat withh wvolay mage
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