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Thermochemistry
)l el

¢ The study of the energy transferred as heat during the course of
chemical reactions is called thermochemistry.
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s Thermochemistry is a branch of thermodynamics because a reaction
vessel and its contents form a system, and chemical reactions result in
the exchange of energy between the system and the surroundings.
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Thus we can use
Calorimetry to measure the energy supplied or discarded as heat by

a reaction, and can identify g with a change in internal energy if the
reaction occurs at constant volume or with a change in enthalpy if
the reaction occurs at constant pressure.
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Conversely, if we know AU or AH for a reaction, we can predict the heat the

reaction can produce.
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¢ Because the release of heat signifies a decrease in the enthalpy of a

system, we can now see that an exothermic process is one for which

AH < 0.
Of OV iy ¢ pUaill 5 ) jall (o gimall Gaaladil ) i 5,0 yadl (33Ua) oY 15k
AH <0 L 58 ddae a5l yall o jUall ddaall o 5 58
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+» Conversely, because the absorption of heat results in an increase in
enthalpy, an endothermic process has AH > 0:
O ¢ gl sl iy ) gas syl palaaiial (Y 1583 ¢ GSall e
‘AH> 0 W 5 ) all dalal) duleal)
Exothermic process: -AH Endothermic process: +AH
H- 3 oallsa s dalee AH + 3, jall dale Alee
Most reactions are conducted at constant pressure e.g. in open vessels in the
laboratory. Energies changes at constant pressure are called the enthalpy,

given the symbol H.

In an exothermic change energy is transferred from the system (chemicals) to

the surroundings. The products have less energy than the reactants
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EXOTHERMIC REACTION

Reactants

Heat is released

MHis negative

Products

Potential Energy (kJ)

Reaction Pathway

Common oxidation exothermic processes are the combustion of fuels and the

oxidation of carbohydrates such as glucose in respiration.
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ENDOTHERMIC REACTION

Products

Heat is absorbed
&% H is positive

SH
Reactants

Reaction Pathway

Potential Energy (kJ)

In an endothermic change, energy is transferred from the surroundings to the
system (chemicals). They require an input of heat energy

e.g. thermal decomposition of calcium carbonate. The products have more
energy than the reactants.
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The relation between energy change at constant pressure (enthalpy) and

internal energy for gas at the same amount (no. of mole is constant):

DIl iy Jlll Addalall A8l 5 (g ad) (s sinall) Culil) arall die Z8Ual) jaas oy A83kR)
H(<ul J gall 2ae)

AH =AU + A(PT)
AH =AU +nRAT

In liquid state, the change in the volume V is too small, so
GAY ¢ 1aa ) rea Vo aaaldl (8 sl (5585 ¢ ALl A

AH ~ AU

In chemical reaction no. of mole can be changed, then

G ¢ Al s (S Y e Jelis b
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AH =AU +RT An

An=n (products) — n (reactants)

Thermochemical equations

When we write chemical equations to represent chemical reactions, we simply
write the balanced chemical equations. However, within the realm of the
thermodynamics, we must write the chemical equations with change in heat
(enthalpy change). There are certain properties of thermochemical equations

that you should know:
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(1) When heat is lost, the AH value is negative. The heat value may also be
given in the equation itself as a product.
Lenadi alaall (3 )) jall dad plae ) Wyl Sy Al AH e (5S¢ 30 jal) o xie (1)
s
AH® = -890.4 kJ/mol CH4 (g) + 20, (g) = CO3 (g) + 2H,0 (1)
2 _When heat is gained, the AH value is positive. The heat value may also be given
in the equation itself as a reactant.
Lgnadi alaall (3 ) jall dad plhae ) Wasl (Sar Ao g0 AH dadd ()5S ¢ 3l all GluiS) e (2)
Jeldis
AH® = +6.01 kJ/mol H,0 (s) = H,0 ()
3-Since heat is a state function, the AH value for the same equation may be
different if it occurs in different physical states. Be sure to specify the phase of the
reactants and products using (s), (), or (g) and be sure to look up the correct AH

from the heat. The symbol (aq) is used for species in water (agueous) solution.
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Al 3 Vs 8 cliaa 13) Aol (il AH ded Caliad a8 ¢ Ala Alla a5l all Y 15k (3)
Gl (e Sy () 5 (D) 51 (B) aladialy cilainall g Alelitall ol gall Ala o a3 (e 25U daliss
(e Jslae 853 5a sall £ 633U (aq) Sl addiuy 3l (e aaall AH o2

AH® = +6.01 kJ/mol H,0 (s) = H,0 (l)

AH® = +44 kJ/mol H,0 () > H:0 (g)

The same reactant and product of water but in different physical states
yields different enthalpy or AH values!
Aaliae 4 5 Va3 S5 elall gria g Ale i) salall (i
IAH a8 5l (sl al) (s sinall (e dilise aif iy
4 If areactionis reversed then the enthalpy (AH) value will also be reversed. Hence

a + becomes a — and vise versa.

oSl 5 - + g el & (a5 (AH) o)Al (6 sinall (uSe Uyl s ¢ Jeldll uSe o3 13) (4)

Sl
AH® = H,O (S) -> H,O (|)
+6.01 kJ
AH®=-6.01kJ H,O (I) = H20 (s)

5_If we change the stoichiometric coefficients in the chemical reaction, then we

also change the enthalpy (AH) value proportionally! Therefore, if you double the

reactants, you will double the products and also double the enthalpy (AH) and so
on...

6 sinall A Uiyl a0 Wild ¢ Sl Jelaill 8 (alSiall Guldll Clalaa uadiy Lidd 13 (5)

Cilaiiall Caeliai (o gud ¢ Aleliiall ) gal) Ao Liney cudd 13) ¢ A 1 auliia U< (AH) ) sl

1384 5 (AH) @)l (s sinall Caeliai Wyl

AH® = +6.01 kJ/mol H,0 (s) = H,0 (I)
a.) If we double the coefficients, we must also double the AH. Think of it as

multiplying the entire equation by 2.
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szl paza il e jeY) & S8 AH ddeliae Wadl Lide Can ¢ COllaal) Lide L 13) (1
2 8 LelesSly
AH= 2H,0 (s) =2 2H,0 ()
+12.02 kJ/mol
b.) If we triple the coefficients, we must also triple the AH. Think of it as
multiplying the entire equation by 3.
al o e 8 S8 AH dad ddcliae Wy Wyle G ¢ il e GO o lalaall Lide L 13) (oo
3 4 LSl Aalad) oy

AH= 3H,0 (s) = 3H,0 ()
+18.03 ki/mol

c.) If we half the coefficients, we must also half the AH. Think of it as
multiplying the entire equation by %.
Adaall o pum 4l e a1 3 S8 AH Ciual Wayl Lide i ¢ el Ciuai WS 1Y) (7
Vo 2 LSk
AH = +3.005 kJ/mol % H,0 (s) 2 % HO (1)

d.) If we double the coefficients AND reverse, we must also double the AH

W Ligle cang ¢ WlinSe 5 cidlalaall Lidelia 13) ( AND REVERSE the sign of AH.

AH &dle & 5 AH ddcliag

AH =-12.02 kJ/mol 2H,0 (I) = 2H,0 (s)
e) Enthalpy changes are normally quoted at standard conditions.
Standard conditions are:
R dosl) Lo g il Al &J})u\‘éjgg‘)“)éj‘ d)u\‘ééabﬁsj\dss?zgumc (_«s
100 kPa (1bar) pressure 298 K (room temperature or 25 °C), Solutions at
1mol dm3, All substances should have their reference state at 298K

at standard condition, the superscript Plimsoll symbol (e) was adopted to

indicate the non-zero nature of the standard state.

H.0 (s) > H0 (1) AH°= +6.01 kJ/mol
vie Jola ¢ (Lusie da 0 25 5148 315 ) s ds ) GilS 298 Jarua (UL 1) JSuly 1S 100

K298 i duma yall Lilla o) gall aaead (468 O iy « mol dm-31
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https://en.wikipedia.org/wiki/Plimsoll_symbol

Al 4 iall ye dxpball ) 5,3 (0) adiall Plimsoll ey slaie) & ¢ dpuldll Alad) 4
Al

Jsa/ JsasLS H20 (s) B H20 (1) AHe = +6.01

EX) given the following thermochemical equation
CHs (g) + O2 (g) = CO2 (g) + 2H20 () AH° = -890.4 kJ/mol

Calculate the heat evolved when 20 g of CH4 is converted to CO; and H,O.
A 4y ) jal) Ailes) Alslaal ¢ pm 3 (EX

Jse [ JsasLS CH4 (g) + 02 (g) B CO2 (g) + 2H20 () AHe = -890.4
H20 5CO2 ) Olisall (e px 20 Jisadi 2ie sacliaiall 3 ) jall aval
Enthalpies of physical change
el adll (o)) jall (5 siall
The standard enthalpy change that accompanies a change of physical state is
called the standard enthalpy of transition and is denoted, AwaH®
As an example of a standard enthalpy change, the standard enthalpy of

vaporization, AvapH®, is the enthalpy change per mole when a pure liquid at 1

bar vaporizes to a gas at 1 bar, as in

)l 5 siaadly A 5l Al il aliad) ol jall (6 ginall & bl el ey
traHe A — 4] by 5 JEidU ulal)

J‘;_u\ﬁﬂ\gg_)\)ﬂ\djﬂad\c‘;..u\:\ﬁ\é_)\)ﬂ\d)f\;ﬂ\_)ﬁéﬁujcd&s

SOk 1 e 8 il A Laie Jse JSI (g )l pall s sinall & padll 58 ¢ vapHeA ¢ uagll
Sl L1 e e

HEO(f} ? HEO(g} AvopHe=+44 IJ mol!

Another is the standard enthalpy of fusion, AssH®, the standard enthalpy

change accompanying the conversion of a solid to a liquid, as in

Lﬁ)‘)‘“ Lg}\;.d\‘_gsul,gﬂ\ il ¢ fusHeA « G\.n.ljm ‘;u\,;ﬂ\ Lﬁ)‘)ﬂ‘ ¢ sinall s );]
gwc&uéjumﬁdudg};ﬂgaw\
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H 30(.5-) >H _?O(f) ApusH?=+6.06 kJ mol*?

Because enthalpy is a state function, a change in enthalpy is independent of
the path between the two states. This feature is of great importance in
thermochemistry, For example, we can picture the conversion of a solid to a
vapour either as occurring by sublimation (the direct conversion from solid to

vapour).

Dl (e Sliie & 56 sl pall s sinall 8 sl Gl c Al dada g s ool pall g siaall Y
D Sy ¢ JUall Qo Ao ¢ Al pall elasSll 85 508 Daal 3 3 304l o0 cpillall oy
(5 G e e il dysadll) el 31k (e Gaangy LS L) iy ) ddia 3ale 3 g

H 20 (s5) H 30 (g) AsupH®

Or as occurring in two steps, first fusion (melting) and then vaporization of the

resulting liquid:

sl Ll e &5 (Olsd) gleas) Jsl ¢ (i sl 8 oy LS

Overall: H :O(,-;) >H :O(g) AfsH? + AvagpH®
So,
ﬂ\subH °= ﬂ‘ﬁ;sHS—l_ ﬂ'ﬁ'ﬂpHe

H 20(.5-) >H 20(!] AgsH®

H.O, —>H,0, A,
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H.W) Calculate the enthalpy used to convert 5 moles from ice at 273 K to
Vapor at 373 K according to following equation:

mJQQJQﬂsZBm@\way}ﬁ5¢,ﬂ6M\g)\ﬁ\6M\%\ (H.wW
A0l abeall 88 5 4< 373

H:O{ ) ? Hz()(f) AconH?= -44 IJ mol!

4
i

H:O{s) 3 H:O{f} AvapH?= 6.06 kJ mol™

b) Enthalpies of chemical change
Since most of the chemical reactions in laboratory are nothing but the constant-
pressure processes, we can write the change in enthalpy (also known as enthalpy
of reaction) for a reaction. Consider the following general type of reaction.
el asill 5l ) (5 saall (-
S iy ¢ il Jnsall lilee (5 g sl 8 Al el il alaas Y )5

oo Jelall (Jelaill (g ) adl (s sinall anly Wyl Ca s yrall) ) gall (5 ginall (A sl
Jelall e Sl ladl ¢ gil) & jlic

Reactants - products
The AH is defined as the difference between the enthalpies of products and

the reactants. Thus

AH = H products - H reactants

Alternatively, we write the chemical equation and then report the standard
reaction enthalpy, AH (or ‘standard enthalpy of reaction’). Thus, for the

combustion of methane, we write
Aladial p] ile eidll

1388 Aleliiall ol gall 5 cilaiiall (5 ) adl (5 sinall cm Al 4l e HA Cay i 2y

H Sleliie - H Clatie = HA
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S1) ArH ¢ Jelall ul@ll () all (s sisall e s o Ablasl Alabaall iS5 ¢ I3 e Yy
Olisall 31 iaY (<5 138 5 ("delall _uldll sl jall (5 ginall”
CH, +20, >CO, +2H 0 AHe= -890 kJ/mol

For a reaction of the form

2A+B ——>3C +B
AH® =(3H(C)+H, (D)} —{2H ) (A)+H, (B)}

m m m
Standard enthalpy change of formation
The standard enthalpy of formation, A:H®, of a substance is the standard

reaction enthalpy for the formation of one mole of the compound from its

elements in their reference states.

OrsSil (8 ol (g )l pall (s sinall s

25 g 08 Je il ol (5 51l o siaddl s L sale Je ol (5 1y (5 siadll
A el Ll o pualic (e oS all

The reference state of an element is its most stable state at the specified
temperature and 1 bar. For example, at 298 K the reference state of nitrogen is
a gas of N2 molecules that of mercury is liquid mercury, that of carbon is
graphite not diamond, and that of tin is the white (metallic) form.

For example, the standard enthalpy of formation of liquid benzene at 298 K
refers to the reaction

¢ d\.ﬁd\d:\.ush JhljSJJMEJ\J;%JAJLGM‘GYLA)SS\@ALA paizl 4.;\&;).43\&1.;5\
¢ Bl @0 sa @05l N2 Gl e Je (o Gan s il e jall Allad) ¢ (8K 298 2ic
() ) IS oa can s yiall ma el Al 5 ¢ Gulall Gl 5 bl jal) g oy 0 Sl

Jelil) LY s (S 298 xie il ¢y yiall (€31 ol (551 all s il ¢ JUia) Jaas e

6C (s .graphite) T 3H2(g) >C 6H6“) AAE= +49kT mol!
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The standard enthalpies of formation of elements in their reference states
are zero at all temperatures because they are the enthalpies of such “null”
reaction.

Gl o s (A 10 dma el LY (B jealiall 0 oS3 il (5 ) jall 5 ginal) () 5SS
osaal" Jelitll g 1yl s sinal Jia LY 5 sall

The standard enthalpy of combustion

The standard enthalpy of combustion of a substance is defined as the enthalpy
change that occurs when one mole of a substance is combusted completely
in oxygen under standard conditions. (298K and 100kPa), all reactants and

products being in their standard states. A.H°

An example is the combustion of glucose:

Gy A s all s sinall et adl e Lesale G 5iaY i) ol sall (s sinall oy o 2y
JEuly 1€ 298) Al gk Jl 8 sV (8 JalSIL Le sale (e 2a) 5 g (3 o5 Ladie
cHe Al Leilla & Cilatiall 5 dleWial) ol sall aes ¢ (JSly 518100

S slall (3l sl e ey e QU

C.H O (s)+60,(g)——6CO,(g)+6H ,0O(g) AJH=-2808kJ mol”?

H.W) write Thermochemical equation of combustion for the

following substance:

1)H2(9) 2)C(s) 3)CsHiz(l) 4)CsHua(l) 5) CaHOH (1)

6) CHsCOOH (1)
(N Balal (31 jia U AilaasSH 4 5l al) Alsbeal) ) (H W

(H2 (g) 2) C (s) 3) C5H12 (1) 4) C7H14 (1) 5) C4H9OH (I (1
() CH3COOH (6
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