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1. 2N, (g) + 2H, (g) + ¥2Ch (g)

_ag|- 46k mol™ 13. NH;(g) + ¥2H, (g) + ¥2Cl, (g)
92kJmol™!
138 |- I NIH; (g) + HCl (g)
314k mol™ i
enthalpy . 5., 176K] mol~’
2. NH,CI(s) }
314
The following steps are shown on the enthalpy diagram.

1 Draw a line at level O to represent the elements.

2 Draw in NH,Cl 314Xk] mol™ below this.

3 Draw a line representing ammonia 46 kJ mol™ below the level of the
elements. (There is still $H, and 3Cl, left unused.)

4 Draw a line 92kJ mol- below ammonia. This represents hydrogen
chloride.

5 Find the difference in levels between the (NH, + HCI) line and the
NH,Cl one. This represents AHP® for the reaction. As the change from
(NH, + HCI) to NH Clis down, AH® must be negative.

Notice how the enthalpy level diagram makes it much clearer than

the thermochemical cycle does, that ammonium chloride is more
energetically stable than the gaseous mixture of ammonia and hydrogen
chloride. This is part of the reason why ammonia and hydrogen chloride
react readily to form ammonium chloride. The values of AH® for the
reaction are the same whichever method we use.

Summary guestions Tabled
T8 Use the values of AH?in the table to calculate AH® for each of the Compound ~ AH}/Kjmol”

reactions below using enthalpy diagrams. CH,COCH,(l) -248

a CH,COCH, (1) + H,(g) —> CH,CH(OH)CH,() CH,CH(OH)CH,(1) _318

b CH,(g)+Cl(g —> CH,C

i — g 0

d Zn(s) + CuO(s) —> ZnO(s) + Cu(s) CH.CLO -165

e Pb(NO,),(s) —> PbO(s) + 2NO,(g) +0,(g) C.H.CUD) -137
HCl(g) -92
CuO(s) 157
ZnO(s) _348
Pb(NO.),(s) -452
PbO(s) -217
NO,(g) +33
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Bond  Bond enthalpy / k] mol™

C—H 413
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Cl—H 432

The steps are as follows:

1 First draw out the molecules and show all the bonds. (Formulae drawn

showing all the bonds are called displayed formulae.)

i

|
H—C—C—H|(g + Cl—Cl(g —> H—C—C—Cl(g) + H—Cl|g
(.

(.
H H

&

H H

2 Now imagine that all the bonds in the reactants break leaving separate

atoms. Look up the bond enthalpy for each bond and add them all up.
This will give you the total energy that must be put in to break the
bonds and form separate atoms.

We need to break these bonds:

6xC—H 6% 413k mol"! = 2478 K mol™
1xC—C 1 x 347 kJ mol™! = 347kJmol!
1 x Cl—Cl 1 x 243kJmol™! = 243kJmol*

= 3068kJmol™

So 3068 k] mol™ must be put in to convert ethane and chlorine to
separate hydrogen, chlorine and carbon atoms.

Next imagine the separate atoms join together to give the products.
Add up the bond enthalpies of the bonds that must form. This will
give you the total enthalpy given out by the bonds forming.

We need to make these bonds:

5x C—H 5 x 413kJmol™! = 2065k] mol™*!
1 x C—C 1 x 347 kJmol™! = 347 kJmol™*
1 x C—Cl 1 x 346k mol-! = 346k mol"
1 x ClI—H 1 x 432KkJmol™! = 432kJmol™

= 3190kJ mol~!

So 3190kJ mol is given out when we convert the separate hydrogen,
chlorine and carbon atoms to chloroethane and hydrogen chloride.
The difference between the energy put in to break the bonds and the
energy given out to form bonds is the approximate enthalpy change of
the reaction.

The difference is 3190 — 3068 = 122kJmol.

Finally work out the sign of the enthalpy change. If more energy

was put in than was given out, the enthalpy change is positive (the
reaction is endothermic). If more energy was given out than was put
in the enthalpy change is negative (the reaction is endothermic).

In this case, more enthalpy is given out than put in, so the reaction is
exothermic and AH = -122kJ mol"!

Note that in practice it would be impossible for the reaction to happen
like this. However, Hess’s law tells us that we will get the same answer
whatever route we take, real or theoretical.
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We can often shorten mean bond enthalpy calculations:

H H
— ok l l P py

H—(l:ACl:((:;‘H(g) + Cl=Cl(g) —> H—cl:—clzfg\cug) + HECL(g)
[

H H

Only the bonds ciirciecl make or break during the reaction so

H H

H H

we only need to break: 1 x C—H = 413kJmol™!

1 x Cl—Cl = 243kJmol"
Total energy put in = 656kJmol™!

We only need to make: 1 x C—Cl = 346kJmol™

1 x H—Cl = 432kJmol"
Total energy given out = 778kjmol™!

The difference is 778 - 656 = 122kImol™!

More energy is given out than taken in so

AH = - 122kJmol™! (as before)

é Summary questions
These questions are about the reaction:
CH,CH, +Br, —> CH,CH,Br+ HBr

% Draw out the structural formulae of all the products
and reactants so that all the bonds are shown.

E’sﬁ a What bonds have to be broken to convert the
reactants into separate atoms?
b How much energy does this take?

a What bonds have to be made to convert separate
atoms into the products?

b How much energy does this take?

% What is the difference between the energy put in to
break bonds and the energy given out when the new
bonds are formed?

a What is AH® for the reaction (this requires a sign)?
b Is the reaction in part a endothermic or exothermic?
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