Enthalpy change

Endothermic
Exothermic

o Enthalpy change of the a reaction is the energy difference between the reactant and product-
e Bond breaking is endothermic, so energy is given out-

» Bond forming is exothermic, so enerqy is taken in-

Exothermic reaction

o The type of reaction by which heat energy is given out is called exothermic reaction-

e During the reaction, temperature of the reaction mixture increases:

o Reactants have more enerqy than the products:

o Heat energy is transferred from the system to the surroundings-

e During the chemical reaction, bonds in the reactants are broken and new bonds are formed in the products:
o Bond breaking energy is lower than bond formation energy:

e Overall, heat energy is given out:

* For exothermic reactions the value of enthalpy change is negative-

<]H = HF"‘O&UC\'— Hreo.c'\'avd-

Enthalpy profile diagram
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Examples of exothermic reaction

7- Combustion

C Wy +20,—>C0O,+2 W0

2- Respiration
C N0 + 60, —> 6C 0, 1.0

3 Neutralization reaction

NoOH + RC) —> NaCl + R0

4. Reaction of a metal with acid

5: Reaction of a metal oxide with water

Cal + H,0 ——>C“k°\>bz

6- Fermentation
Yeos¥ oW + 2C0,
CQH\zO" WZCL\‘\S "
asc

7 Reaction of Zinc with Copper(ll) sulphate
Zn + CaS0y > Zn504 + (n

8- Rusting of iron
Fe 40, +10—> 7,0 W0

9. Any reaction where bond is forming

C\+C\ — (),

70 Condensation

H.0— 1,0,

@
77 Freezing
H,0p — H.00
72- Hydration
Coll, + 6H.0 — Co(l. 61,0
13- Solidification

1 7,&3)‘_5 T-v.(s)
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Endothermic reaction

o The type of reaction by which heat energy is taken in is called exothermic reaction-

e During the reaction, temperature of the reaction mixture decreases-

* Products have more energy than the reactants:

o Heat energy is transferred from the surrounding to the system-

» During the chemical reaction, bonds in the reactants are broken and new bonds are formed in the products-
e Bond breaking enerqgy is higher than bond formation energy-

o Overall, heat energy is taken in-

* For endothermic reactions the value of enthalpy change is positive:

el 5
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Examples of endothermic reaction
Photosynthesis

6COL‘\" 6\)‘2,0’9 Cq,\'\\'LOB - 607—

Thermal decomposition

Cacos et COLO -+ C O’L

Any reaction involving overall bond breaking
H, —> R+ R
Dehydration

CoCl. 6W,0 = (o), + 6H.0

Melting
Boiling

Evaporation

Most of the exothermic reaction are spontaneous and have low activation energy-

Most of the endothermic reaction are non-spontaneous and have high activation energy:
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Energy profile diagrams for two step reactions

Example 7
A S+5P \ S+e?z C (Overqll exo“&w«‘\g\
Exothermic Endothermic
Fred)
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ANy,
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?"savcas ”'(' Y zac—\\cn
Example 2
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Standard condition
It is a specific condition where experiments are done to make it standard- In standard condition, temperature

is 298K(25°C) and 100KPa (0-98atm)-

Standard Enthalpy change of formation
It is the enthalpy change when one mole of a compound is formed from its elements in their standard state

and condition-

Examples:
AH}G of 1,0 e Value of enthalpy change of formation can be positive or negative
depending on the reaction-
H‘U) % 07-(5\——) HLO(!I\ o The enthalpy change of formation of any element is zero-
AH: of €, H.0on e Must write the state symbols in the equation:

e Make sure ,while writing the equation, to show one mole of

2Curt 30,3+ % Oy —> (, H, Ol
A HT F KMAO,
Ko+ Mag, T 20,4, —> KMLO,
AN 5 CO,
Co 10— (0

compound is forming-

Standard enthalpy change of atomization
It is the enthalpy change when one mole of gaseous atom is formed from its elements in their standard state and

condition-

Examples:

AHL of H

1/2_ H"—(S) T H(j)

AHQ C| e [t is because during atomization only bonds are breaking-
at 09 (R

Value of enthalpy change of atomization is always positive:

o Make sure to give state symbols in the equation:

Make sure to form one mole of compound in the equation-

AH% & Be

/\ Hae of Na
N"‘LS) — Nag)

e Make sure the state symbol of atoms formed is gas:
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Standard enthalpy change of combustion

It is the enthalpy change when one mole of a substance is completely combusted in excess of oxygen under
standard condition-

Examples:

AHE £ C

Cesy + 0:y—=C Oy
ARE o Py

HL@) A Ozm —> H.0y

As in these reactions no other products are forming,

AR (0= /KT (o)

Further examples,

o
AHQ og' CLHSO\)\
CL\‘\gO“@-\—SOLQ\ >2C0, + 34,0,
o Value of enthalpy change of combustion is always negative:
o This is due to the fact that all combustion reactions are exothermic:

o While writing the equation for enthalpy change of combustion of compounds, make sure one mole of

compound is being combusted-

Standard enthalpy change of reaction

It is the enthalpy change when a reaction happens in standard condition- The reactants and products must be in
standard state-
Examples:

AN M
HL@)
2 \'\z@)'\' 07, —2 \'\LO@)

3% O —> Hely

o The enthalpy change of reaction can be positive or negative depending on the reaction-

Enthalpy change of neutralization

It is the enthalpy change of when one mol of water is formed by the reaction of an acid with
an alkali under standard condition-

Examples:

NaOH oyt WO 5= NaClg H.0q)

» Only one mole of water will be formed while writing the equation-

e [t is always negative:
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Calculations
o Enthalpy change calculation by using standard enthalpy change of formation-

AHQ = A H ;a ((prodoch) - A H;_e;read—uvd')

Example 1
24,0, —> 2K.0+0,
Given,
AHY (H.0)= -18%.8 Kamo\'
AN (R0) = - 2358 ke
Cldcdode tne ARWT
Ane: AHZ = AH l?(mau&\“A H;,ezreaz}uvd’)
= 2(-2%59-2(-1%7.9
= 196 Kymo\?

Example 2
3Fe 0., +2RAle,—>3Fe,t AL,
AHS (Fe0 = =266 Ksml
A K (A.0)= 1636 Kgml!

Calculate £\ \_\;a

nS ©
A— AHG = A H ? ((prodech) — A H;, (reac\—av\i’)
—16%6-2 (-2 6b)
== 8?9 ijo\,‘

Example 3
3 Myer + KCIO, ¢y — 3M40s, + KLl o,
QK (Mg0) = ~602 Kyl
AHZ (KA) = =437 Kymol”
AW (KUOy) = =391 Kymo!”!
Calculate QR
Ans
AR = 3(-602) +(-439-(-391)
= -1852 Kjmol"

Chemical Energetics Page 7



o Enthalpy calculation using bond energy

AW 2 = Bond breaking energy - Bond forming energy

Example 7

H,C=CH,+HF —CH,CHF AN =B K\

Calculate the bond energy between carbon and fluorine:
Given data is:

C-H = 470

c=C = 670

H-F = 562

c-C = 35

ANS:

Bond \o(eok'w() .

(H10xy)+ 610 +562
= 282

Pord fbm&wﬁ '

5 (410)+ 350+ x
= 2400 +x
E%\w»\'ma \

-¥5=2212- (2400+%)
€= 435

Example 2
The molecular formula for sulfur is Ss-

ANES, = -2326Kymr!

Energy required to break 7 mol of Ss into gaseous atoms is +2232Kjmol’ and the bond enthalpy of the double
bond between Oxygen (0=0) is 496 Kjmol'-
What is the value of 5=0 bond enthalpy?

ANS:
The equation is

S, + 80,—— 850,

2596 = 2252 + 3(U6)-l6x
x= 536 ij,\’\
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Example 5
AH? (Cac\o‘bropome) =493 3 K.:Xmo\,\
AN, (i) =+ 1R Kyol?

H_H — Llsekamb\—\
C'H — L’lo kjmo\'\

Calculate the value of C-C bond enthalpy-

3 C&s) T 3 \_\2‘(3\ — C&He(J)

53.9 :X}Hyfg(qsg.{40ﬂ®fag
L= D52 Kjel

Example 6

ART= 41668 Kino!”
Calculate the bond enthalpy of N-F-
ANS:

1663

+5 56 kjmu\ i
5)
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Hess's cycle
The overall enthalpy change for a reaction is independent of the route taken or the number of steps involved ,

provided that the initial and final conditions remain same-

4\’>\; A
%
According to Hess's law

AN —> 4R 4R,

Example T
AHFC0) = -394 Kam*
AHT(R,0)= -236 Ky
AHS (CHy= =74 Ky
By constructing a Hess's Cycle calculate the value of /NW. (CHy).
Cor + 2H, 25 chiy g

AN (o) + AWE (Ch9)
2 AWy (W9

C0,+2H,0
According to Hess's law,
AHRT(C0) +2 AHZ(R,0= AN () + ART (CHy)
-394 +2(2%9) = -F4 + AHRT(CWY
AHS = =292 Ky

Example 2
AHZ(C0) =-395 Kyt
AN HE(H,0=-286 Kin'
AHE (CHCHOH) = —277 Kan!

Calculate the value of enthalpy change of combustion of ethanol by drawing a Hess's Cycle-
CH,0H + 30, — 3C0, +3H0

Ang

Chz CRL 0N M
2C i 3H, o +20, N, | (W, O

—237+ AfP= 2(-393)+ 3(-28¢)
2447 (co)+ 3% (1, 0) \ /H? (Ch e H, oW ANRT= -1363 x Il

2C0,+3n,0
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Example 3

AH? (HzOB: —-2%¥5.2 ij.,l"
2HE (H.0) = 1278 Kind®

By drawing a suitable Hess's cycle, calculate the enthalpy change of reaction for the decomposition of
hydrogen peroxide-

Ans
20,0, —2* 5 oW 0+ 0,
ZXAHfz\'\LO’Z)\ /\ z AH?(HL@
2H, +20,
AHE + 2 AT (W,0) = 2x AU (1,9
ARL +2 (1339 =2 (-2859)
AHR= —196Kjm

Example 4
b S(s\ "' 29 —— 501(3) AH:’Z _297‘ ijo\—‘

® S(S\ * 3/1 O?.”—9 5030) AH;:—B(?B ijurl

Calculate the enthalpy change of reaction-

ANS:
2 S0 L@‘\' Oy_@\—ﬁ 2603(5,

PRA M (sog\z t +30/2 AW (605)

2. 6 ©)
2 (299 + AWT = 2 (-399)
A\’\f'-: = 10\6 ijo\—\

Example 5
L9t 3Cg—>2 Tl AHP= -214 kynd

)

9) - J—z(ﬂ) A H‘:= +38 ijo)"

Calculate enthalpy change of formation of ICl3

ANS: 2 angtag

?—(9) 1+3C lz(g ZLC\& ©)

AHA[— \ / AHé

1(5) 3CI1®

A WS £ 2 8% (1) = ane
+35+ 2 AWe (1A= -2y
Q\Af(lug)—. -123.5
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Example 6

Lcs) + C’\L(S) —2 1C|3 ) AHﬂ:' 1 Kyeor

ICl(sB—\—C\LQD T3 sz A He: —8‘2 ijr’
Calculate the value of QH? ( j.db

Solution:
210,
20, / \“’JC‘L
We - — 22 AH‘;’(‘IC\Q
2Td «—T,
+Cl,
AH®= +\4
4+ (- 33x2) =24H(2CH)
ATy = - 81 Kiml
Example 7
CO,t40

® Lo (O, OHR= -283 Kymal?
Hg *40.—> H,0 ANE-2 6 Kgml
H.0s— W.0, AVE 44 Ky
Calculate the value of x of the following equation:

CO, g Ty = (O tH.Oq

Solution

CO, g T g = CO tH.Op

an® \:f% 0, *‘/z(%auﬁ +ang

CO?. —\-Hz. O(ﬂ
1+ (NS +4H2) = ang
(L:_‘\-L‘l ijo\’\
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