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Energy exists in different forms which are often interconvertable. In
chemical energetics we are mainly concerned with two forms of energy.
Chemical Energy: This energy is stored in a moiecuie in which atoms are

Heat Energy:

bonded to each other. 1\ _
This form ofenergy,is released when a bond is formed

: ar_jd a_bsorbed when' itis broken. -




In ener ettqs we'-.,_ étudy the energy changes that take place durmg a

\,

chemiﬁ,a}\._Jr'iéa tfior, These changes are caused by the making and breaking of
bonds dunng a reaction. In most of the reactions the weak bonds of reactants
break while in products new strong bonds are formed. Since energy is needed to
break a bond while energy is evolved when a bond is formed, such reactions take
place always with the evolution of heat. If a reaction is accompanied with the
evolution of heat it is called an exothermic reaction and if heat is absorbed
during a reaction itis called an endothermic reaction.

In energetics we not only encounter heat which comes out of a chemical
reaction butalso another quantity which is called enthalpy.

Enthalpy (H) or heat content, is defined as the total amount of thermal
energy stored in a compound. The unit of its measurement is k) mol™.

When the energy is absorbed during a reaction, the total enthalpy of the
system increases. When energy is evolved during a reaction, the total enthalpy\of

the system decreases. o | ”’“H\‘_‘\~
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Chemical energetics is paripf a\broaderflelc}\of‘-' qhm? Youn
chemistry called Thermodynamqts. In\ enérgencw' s
study the flow of energy in\a \chemical reaction. )
Thermodynanrth deals with how the energy changes
during\ gﬁbrh\icai reaction affect the properties of a
chemical system.

5.1 System and Surounding

In Chemistry, any physical or chemical change under study may also be
called a system. The chemical reaction includes reactants, products, catalyst,
solvent and anything else which is important to study this reaction. Everything
else which does not fall in this system is called the surrounding. For example, if
you are boiling water in the beaker, the water molecules will be called a system
while everything surrounding this like beaker, burner, etc. will be cailed the
surrounding. When energy is transferred from surrounding to the system, the
change is called endothermic and it has a positive sign. When energy is
transferred from system to surrounding, the change is called exothermlc and it
carries negative sign. \
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Energy evolved( during a chemltal\reactian rs Used in everyday*[lfe for cooking,
heating, Ilghtlng,transportatiom communication, entertainment and much more.
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Surroundings get cooler Surroundings get warmer
Fig (5.1} System and surrounding exchanging energy

tra néferred n thts,sg(stern.‘
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Enthalpy is ll',[k rtani; hqcaus\ert tells us how much heat is present in a system. Heat is
mg@@amj’q“b tzoseﬁe can extract useful work fromit.
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5.2 Enthalpy

The total amount of heat energy present in a molecule under standard
conditions (0°C temperature and 760 mm pressure) is also called its heat content.
Enthalpy is the measurement of energy in a thermodynamic system. The quantity
of enthalpy is equal to the total heat content of a system. Enthalpy of a system is
represented by (H) while the change in enthalpy which a system undergoes is
represented by AH. The total enthalpy (H) of a system cannot be measured
directly. However, the change in enthalpy AH brought about in a system can be
measured comparatively easily.

In Chemistry, the standard enthalpy of reaction (AH®) is the enthalpy
change when reactants in their standard states undergo reaction to produce
products in their standard states. This quantity is called the standard enthalpy

The reaction in this syﬁtem ‘eh*us ekOther:mfc evo]vmg 566 k) of heat energy
whichis glve_n to ]:hra surmundmg .
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How is enthalpydlfferentf m heat?

Heat is at fmrhﬂ of ‘energy that flows from hot body to a co[d body because
ofa dlfferEnée in tem perature. We measure heat in joules. Heat is what we call the
transfer of thermal energy. Contrary to this, enthalpy is an essential part of a
system since it depends on the number of molecules present in that system, its
chemical composition and its structure. Heat is not essential part of a system, it
just comes and goes. When heat leaves or enters a system, it results in a change of
enthalpy. At a constant pressure the enthalpy change is equal to heat evolved or
absorbed.

Can energy be tra“:"'_ferred m a form other than heat durmg a chemlcai
reactlon? : i SR i ;

Exercrse

Why |t is not possrble tocalculate the enthalpy ofasystem'f'

S ._

5.3 Exothermic and Endothermtc Reééi;iohg

A physical or & ghemrearchahgeis alhffos\t aiways accompanied with either
absorption or evolution of heat, Heat, which is evolved or absorbed during a
chemical Jeeyﬁ pn jE called the heat of that reaction.

al reactions in which heat energy is evolved are called exothermic
reactlons while those in which heat energy is absorbed are called endcthermic
reactions, Heat, which is evolved during an exothermic reaction, goes to the
surrounding and the container in which such a reaction is being carried out, gets
hot. Conversely, in an endothermic reaction, the absorption of heat from the
surrounding will decrease the temperature of the container,
Example: Hydrogen gas and oxygen gas react to give liquid water in an
exothermic reaction.

‘. I'_ A~ _'__-’ =

571.6 k! heat energy is evolved during this reaction. If the energy evolved
is shown separately it is expressed as AH = -571.6 kJ. The same amount of energy
will be absorbed when the reaction will move in the backward drrectldn |e ‘water
will decompose to give hydrogen and exygen baclq AN




Examp!e. | Carbon d|m<ide gas 15 produced when SD|Id carbon burns in oxygen“

gas.
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j 1[ | ¢ :
WY e 0,90 —— co,@ + 3935k
' | IC_arlbon_ _Q}gygen S " Carbon dlo,\lcle e

It is also an exothermic reaction and 393.5 kJ heat energy is evolved
during this reaction. When this reaction moves in the backward direction, the
same amount of energy i.e. 393.5 kJ will be absorbed. Thisreactionhas AH -571.6
kJ mol” of CO,.

Both the reactions mentioned above are the examples of exothermic
changes. |

The following reactions represent endothermic changes.

The enthalpy change for the reagmd\ is &H | S/B“pﬁkj ' '/'9 )0
Hydrogen gas’:eactgsqﬁth Svptl& L@d‘ine enIy at hlgh temperatu re and 53.08
k of heat energy is bsmrlﬁéd BB
rmﬁ‘\l;ipﬁ NO'in air due to lightening in the clouds.

Heat evolved or absorbed during a reaction is used in self—heating or self-cooling
packs. These packs contain reactants that undergo an excthermic or an endothermlc
reaction providing high or low temperature.

Our present-day living conditions depend heavily on the availability of
energy in its various forms. Exothermic chemical reactions are. extenswedy‘leed
to fulfill this requirement. In such reactions, chemical en\ergy i c@nverted nto
heat energy. We burn fuels like_gas, (oil anql ccial to cook food and for other
heating purposes in pur homesand mdustry Du ring thls bu rning process called




combustlon com pouncls present':n'fuels react wnth oxygen of the air to produce :
alarge amouniofhﬁa‘c

“Fopds uch-as fats and carbohydrates are important biological fuels.
During ‘metabolism, the chemical energy presentin this food is converted to heat
to keep uswarm.

A large portion of electricity is produced at power stations by burning
fuels such as natural gas and coal. The heat which comes out from their
combustion is used to produce steam at high pressure. This high pressure steam
isthen used to rotate turbines, which in turn generate electricity.

While driving a vehicle, it is the combustion of petrol or diesel that gives
off energy and drives it forward. The one example of exothermic reactions
people seem to enjoy the most is that of fireworks. Fireworks are the result of
combustion reactions that yield heat, light and sound. Different metal powders
alongwith oxidising agents produce a variety of colours when burut.




Is melting of icé dn exothermic or endothermic change?

A WY \‘ I N

Can exothermic reaction be reversed?

Let us now examine the reason why the chemical reactions are either
exothermic or endothermic.
A chemical reaction mainly involves the processes which involve bond breaking
and bond formation. In the following reaction, the chemical bonds between the
atoms presentinthe molecules of H, and O, first break togive therr atoms.

2H (9) + 0 (Q) —P ZHO(Ql

\B,rbaku:lrg of bonds of H; and 02 absorb energy (endothermlc process)
while making of bonds between H and O evolve energy (exothermic process). in
this reaction, weaker bonds are broken i.e of H,. Hence less energy is absorbed in
the system. While the bonds which are formed in water molecule are stronger
and thus greater energy is evolved. Hence, the energy which is evolved is more
than the energy whlch is absorbed The overall reactlon is thus exothermlc

Since two moles of H; take part in the reaction so total energy absorbed in the
reaction
2Hyg — 4H + 870 k.l/mol

+ 498 kl/mol

Oz{g, — 2@
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It means 1368 kJ energy.,is~absorbed wh’ené ‘Bond dussoa atton enefgy of Ha
moles of H, and\ He mole of 0, break their -"|' 435 kJ/moI while that of O, ,5-'
bondsio J:bnifert themselves into atoms. 49 _.kJ /mol Bond form atlon"

Nitrogen of the atmasphere reacts with oxygen to produce nat only in the presence of
lightening. This is because reaction is highly endothermic, so only lightening can
provide enough energy for this reaction to take place.

Total energy evolved inthe formation of 4 O —H bonds.

20, + 4Hy——> 2H,0, — 1936 ki/mol

This is the energy evolved when two moles of water are formed from 4
moles of hydrogen atoms and 2 moles of oxygen atoms. Thus fOr th@ Farhambn

N 2 \ o\ d;,\__

of one mole of water, the energyevolveji will be@&&lﬂ_ [ (@0~

\,

Hence the overall energy e\(olved\ln thi rea:ttipn s’ =,'_1 936 +1368 = -568kJ for
two moles of water. “’ \ T O R

\ \ \\ \ \\ U\
\[\%‘ﬁﬁg AL s 21,0, + 568 kI/mol or AH = -568 k)

The enthalpy change for the formation of two moles of gaseous water is
thus —=568kJ. So the enthalpy change for the formation of one mole of gaseous

waterwill be .
- 68K _ _ 2841 mol
2 mol

The experimental value of formation of gaseous water is -284.3 kJ which is
quite close to this calculated value.




5.4 How does a"uf}%e action i\akﬁ piare?

A reac;tﬁoq ﬂakes place when the reactant molecules collide with each
othertqdwe?a ransition state. Let us study the following hypothetical reaction.

A, +B; ——» 2AB

Before mixing, the molecules of reactants A and B are in a state of random
motion separately colliding with each other and with the walls of container.
Kinetic energies possessed by these molecules are not the same. Majority of
these molecules possess average kinetic energy but a few possess more than
average energy while yet others possess less than average kinetic energy. The
molecules which possess more than average kinetic energy may also be called
excited molecules.

When the two reactant molecules are mixed together, all these
molecules start colliding with each other. The collisions which result by
colliding molecules having average or less than average kinetic energies may
not be able to produce any result. But when the two excited moleculqs(‘frqm
both the reactants collide with each other ‘they nj,awoe\J 'b}é to pr@du\eé“\ the
transﬂ:uon state as shown inthef llow"hg Flg\(§\3 \. "

Tran51 Ion state
Fig (5.3) Formation of Transition state

The transitation state is shown at the peak of curve, After a very short
period of time the transition state either returns to the reactants or to the
products. The progress of the reaction can be shown in the form of the following
energy profile diagram drawn between path of the reaction and the energy of
the reactants and products.

Transition state

Energy of both reactants
is taken as equal.

Energy

Reactants _

= T Reacflgn coordmate

Fug . 4) Path ‘of Exothermic Reaction
79
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Washing clothes at 140°F uses almost twice the energy as at 140°F wash. 90% of the
energy used by the traditional electric bulb is wasted in producing heat.

The energy of the transition state is higher than that of reactants or
products because the bonds between the reactant or product molecules are
being cleaved progressively. The energy absorbed by the reactant or product
molecules in order to be converted into the transition state is called the
activation energy (E,) of the reaction. The difference between the energy of
reactant and that of the product comes out in the form of heat representing
enthalpy (AH) of the reaction. This graph represents the path of an
exothermic reaction Fig (5.4). A similar graph can be drawn for an
endathermicreaction Fig (5.5).

Transition State _ 1)

Endothermic

Reaction
H“I
W I\“ Products
Energy | +AH

—_— Reaction coordinate

Fig (5.5) Path of Endothermic Reaction

hich doas not

An addition of the catalyst i in a reaction mcreases the rate of._._ eactmn
because it changes the path adopted by the reactants wheréby thé actlvatmn
energy value of the reaction is substantlaily decreas.ed' As a result, more
reactants are now able to‘ﬁ;e conVerted lint6 product molecules and hence the
rate of reactlon w1||l1n<:re,ase Flg (5 6).




A catal st lq |thus«, deﬁﬂed as a substance that increases the rate of a

chemlcal rpac ion without itself undergoing any permanent chemical change.
For example Ni acts as a catalyst in the hydrogenation of oil to give banaspati
ghee. Platinum acts as a catalyst in the production of H, SO,. Chlorine acts as a

catalyst promoting the breakdown of ozone.
Transition state without the catalyst

Transition state in the presence
of catalyst

Activation energy in the
presence of catalyst
Energy

Reactants

/ \
—~ | ~,r M\ \\

Fig (5.6) Path o’i‘uﬂea;etloﬁan t ab\isthwd presence of a catalysist
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5.5 Aerobgt q—nd Anaeroblc Respiration

\Tﬁﬁ‘dﬁacess of respiration in human beings is a continuous process.
During this process, we breathe in oxygen and breathe out carbon dioxide.
Respiration also carries complex chemical reactions inside the human body. This
process that occurs in the presence of oxygen is called aerobic respiration.
Aerobic respiration is an exothermic process and involves the following
reactions.

(CsH4O3)

Glucose Pyruvate —————» 6C0O, + 6H,0 + Energy
(CeH1204) ¥

Energy

in cytoplasm
g

During glycolysis one molecule of glucose is split into two molecules of
pyruvate. This process involves a series of reactions catalysed by enzymes, with a
net production of 2 ATP (Adenosine Triphosphate). When ceils of our (body
require energy for performing the metabolic actmties, théy fuse this ATP and
break it down to get the requrred enefrgy The f@@d we eat undergoes digestion
in our body and the. dlgesied fGJod molécuIES that are absorbed by the cells
undergo 0><|da}t| n ]to produteemargy

(N NN




In certaln orgamsmf. Ilke'-.,lbac’cena and'algae respiration occurs in the
absence of oxygerl amd \it\ is' called anaerobic respiration. This is also an
exothermlp \prbté[ss and during this process glucose is converted into carbon

dioxide and ethanol with the evolution of energy.
in cytoplasm Absence of oxygen

Glucose ——————— Pyruvate » CHOH + CO,
& Yeast %
Energy Energy

Lipids are a group of organic compounds which include fats, waxes,
sterols, etc. Lipids serve as an energy reserve within our body. About half of the
fuel our body needs comes from lipids. If you eat more food than you need in a
day, the excess food is stored as lipids in adipose cells. In between meals and
during exercise our body relies on this resource to provide energy. Glycogen is
the primary storage form of glucose. It is stored in the liver and muscles.

Key Pomts
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does net faII mthls system is called surroundm‘g

The total arr oLmt of heat energy prgseﬂt(rna sysie M gt stama’ai'

s

afs' Ealled |‘rs total heat-




(i)

(it}

{iv)

Tick (V) the correct answer.

The following reaction is an exothermic reaction.
My & i S ape
From where does the energy come to break the bond of H, and Cl.?
(a) By collisions between the molecules
(b) Fromsunlight
() Fromthesurrounding
(d) By collisions of the molecules with the walls of the container
Which of the following reactions has the least value of activation energy’?

(a) Hyg + V2 Oy » HOy N /,\ )'\‘S\\
O ,—|{\" D \_~
0) Cy + Oy ———» COE@_ O\ ey wf:\‘\\\l | f«»\ A"
(© NaCl,, + AGNO, (ag) (3= "-a-l) \Ag/g 4 NaNo,
i —\aH;lm 'l\ S

(d) Hygy + Ly S5
Formahonﬂ]whl}tk\ﬁy}imgen hallde from the elements is an endothermic

\@ﬁs‘wp\hﬁ\lf\ oL+
a) HCl (b) HF
(¢) HBr (d) HI
What are the products of anaerobic respiration?
(a) ATP +CO, + H,O (b) CO, + H,O
() ATP + Ethanol + HyO (d) Ethanol + H,O

Which reaction do you expectto be a reversible reaction?

@) (b)

A+B

Energy
Energy

o il Il. ~ .\'.

f;ath of Réan‘hbn




(vi)

Path of Reaction Path of Reaction

What cloes it show when a chemical reaction is exothermic?
(a) it shows the bonds which break are weaker than those are formed.
(b) It shows the bond which break are stronger than those are formed.

(© Exothermic nature of the reaction is not concerned with bond
formation or bond breakage.

(d)  Itshowsthatthe reactants are more stable than th e prod uc:cs 8 \ 3 d

(vii)  When NaOH and HCl are mixed the te;m perat‘upe{srqéé‘sej Wh@f@adl‘ron 15

(a)  endothermicwith aj posda}er/qﬂthai Py change
(b)  endotherr |ew1ﬂ1a\mé 'Cl e e}athaﬂpy change
(©) exo rm\ ' |tl\§ positive enthalpy change.

| \Nébcdfhjerl'nlc with a negative enthalpy change.

JEAN
(viii) ‘fjl}ne average bond dissociation energy for the C-H bond is 412 kJ mol™,

Which of the following process will have enthalpy change close to 412 kJ
mol™? |

(@) CH. — Cg+2Hy,
(b) C H-i {a) — C(g} +2H 2{g)
(© CHay —> Cgt+4H,

(d) CHay —> CHyy+Hy

The average bond energies for 0 - 0 and 0 = 0 are 146 and 496 kJ mol”
respectively. Find the enthalpy in kJ forthefoliowmg reaction?
H—0—0— H, ————>» H—0—H, +"§'O By

(a) -102kJ

(b) +102kJ
(¢) +350k}
(d) +394kJ




| ';‘._._quyddeajﬂlhé fo[iowmg exot
i C (Diamond) —> C{Graphite)

(@)

(b)

(€)

(d)
2.
I
il.
ii.
v,

fasterthanthe other '~_ \

v,
3, nﬁmp@éé'

nermic reaction not occur?

Questions for Short Answers

‘ -3kJ mol™
Structure of diamond is more stable than that of graphite.
Diamond has strong covalent bonds than does the graphite.
The change from diamond to graphite has high activation energy.
Density of graphite is less then that of diamond.

What is the difference between enthalpy and enthalpy change?
Why is breaking of a bond an endothermic process?

Draw the reaction profiles for twogcoth

Depict the transition state for the following reaction.
H, + Cl, — 2HCl

H \ ".I \
( / 'n,". .\_} \ '-.__..‘ | l.'__,

A

What is the role éf)glymgeh m cru?’body?‘

Physmal changes which usually occur around us are given in the table. Write

\\\v

Response Questions

down whether they are exothermic or endothermic.

_-../- =
(& \. r"\\

&rmic reacf&’bhsaaﬁe\ofwl’ilch moves

\\\\

)\

B

Physical
change

Exothermic or
Endothermic

Physical
change

Exothermic or
Endothermic

Conversion of
hydrated salt

into anhydrous

salt

Conduction of
electricity by metals

Burning papér

Dissolving ammonium
chloride in water

Vapourizing
liquid
nitrogen

Formation of rain
fl_'_qm clo u_ds (1

Evaporation
of dry ice

V4 Dlssehang sodlum =

carbonate in water
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Explam why the rethlan bet\kléemat\p(;oﬁphenc gases oxygen and mtrogen
does not take p{age\ uhd\er \normal conditions? But in the presence of
Ilght fh#ﬁé gaé\es react to give NO. The reaction stops as soon as the

len n’g stops.

A reaction between natural gas (CH4) and atmospherlc oxygen does not take
place when you mix them. As soon as you show a burning match stick, the
reaction starts immediately and then it continues until one or both of the
reactants is/are used up. Explain.

Descriptive Questions

Find out the enthalphy change of the following reaction using the given
data.

N, + O —— 2NO
Bond dissaciation energy of N, = 958.38 kl/mol
Bond dissociation energy of O, = 498 kJ/mol
Bond formation energy of NO = -626 kJ/mol PN
Explain the difference between thefterms heat and enthal py.,
Explain whyformatran of al bond is aiWays an ‘exothermic process
Explain the role oﬂ;pldsm outbody.”
Expiamthpfallbwmg*terms
Acfwatlbn energy, Transition state, Aerobic resplratmn

investigative Questions

Why is it essential to cook some of the food items while others we can eat
without cooking?

Why does fireworks look spectacular. What type of chemical compounds
undergo chemical reactions during this activity.




