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Thermochemical Equations to Enthalpy

1. Introduction

In hot summer days, we sprinkle water to cool down
because water absorbs heat from the surroundings

when it evaporates. In cold winter days, however,

we use hand warmers because heat is produced when

iron oxidizes. The exchange of heat accompanying

changes of matter is qualitatively studied in

junior high school science, but quantitatively

studied in high school chemistry. Recently, the

treatment of this topic has drawn attention as it
from thermochemical

has changed significantly

equations to enthalpy in the new chemistry

curriculum being taught to current high school

second graders. In this article, I shall compare
the new and old curricula and, by clarifying the
differences between them, discuss expressing the
exchange of heat as enthalpy changes is important
for explaining the spontaneous changes of matter.

2. Thermochemical Equations without Enthalpy Changes

In high school chemistry, the exchange of heat has

been formulated in the form of thermochemical
equations without enthalpy changes so far. Let’ s
consider the combustion of carbons, for instance

is completely burned to
394kJ of heat

When 1 mol of carbon

produce carbon dioxide, is released

to the surroundings. This is expressed in a
thermochemical equation without enthalpy changes as
follows: C(s) +0:(g) =C0:(g) +394kJ.

Also, as we saw above with the example of
sprinkling water, when water changes from a liquid
to a gas, it absorbs 44kJ of heat per mole. This is

expressed in a thermochemical equation without
enthalpy changes as follows:

H0(1) =H:0(g) —44kJ. In this way, heat is added to
the right-hand side of the thermochemical equation,
and exothermic reactions are represented by + and
endothermic reactions by —.

3. Introducing Enthalpy

in the new chemistry curriculum being

high

However,

taught to school second graders, the

16

traditional thermochemical equations have been

replaced by a new concept of enthalpy. Enthalpy is
a word that originally comes from an ancient Greek
and represents

word €vOdATTElv, meaning “to warm, ”

the energy that a matter possesses. In the example
of carbon combustion mentioned above, the reactants

become the product by releasing heat to the

surroundings, so the enthalpy of the product is
lower than the total enthalpy of the reactants, and
therefore, the enthalpy change A4 is negative.
This can be expressed in a thermochemical equation
with an enthalpy change as follows:

C(s) +0:2(g) —>C02(g) AH=—394k].

when water liquid water

Also, evaporates

becomes steam by absorbing heat from the

surroundings, so the enthalpy of the product is
higher than that of the reactant, and therefore,
the enthalpy change AA is positive. This can be

expressed in a thermochemical equation with an
enthalpy change as follows:
H0(1) =H:0(g) A H=44k].

The major difference between expressing the

exchange of heat accompanying changes of matter

using traditional thermochemical equations or
enthalpy  changes is that in  traditional
thermochemical equations, we focus on the
surroundings, so  exothermic reactions are

represented by + and endothermic reactions by —,
whereas in enthalpy changes, we focus on the system,
so exothermic reactions are represented by — and
endothermic reactions by -+ . Enthalpy is used in
universities here and even in high schools in
Western countries, and because this reversal of

signs often confuses students, the traditional

thermochemical equations have been a target of



criticism. It is from such circumstances that

enthalpy has finally appeared in the new curriculum.

By expressing the exchange of heat as enthalpy

changes, it becomes easier to consider the
spontaneous changes of matter.

4. Entropy and Gibbs Energy

Enthalpy, like water, is more stable when it is
lower than when it is higher. Therefore, exothermic
reactions are more likely to proceed spontaneously.
phenomena  that  proceed

However, there are

spontaneously despite the fact that they are

endothermic reactions, such as the melting of ice.
In fact, whether a reaction proceeds spontaneously
or not cannot be determined by enthalpy alone, and
entropy must also be taken into account. Entropy is
also a word that originally comes from an ancient

)

Greek word é€vipomia, meaning “transformation,’
and represents the disorderliness of matter. The
second law of thermodynamics tells us that entropy
tends to increase spontaneously. Whether a matter
changes spontaneously or not depends on the balance
between enthalpy change A/ and entropy change AS.
That is, if the Gibbs energy change, given by AG=
AH—TAS, where 7T is the absolute temperature, is
then the reaction proceeds spontaneously.
In the case of ice melting, since AH=6.0kJ/mol

and AS=0.022kJ/mol « K, substituting these values

negative,

into the equation for Gibbs energy change AS shows

that at 7>273K (=0°C) , where AG<0, the state
change proceeds spontaneously.

5. Conclusion

The change from traditional  thermochemical

equations to enthalpy is one of the highlights of
the new curriculum. By considering the exchange of
heat accompanying changes of matter using enthalpy
changes even in high school, the connection with
universities has become more natural and is in line
with world standards, so there are many voices

welcoming this change. Moreover, this change is
meaningful in that it is not just a formal one but

has to do with the essence of thermochemistry.
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