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er and the effects of energy cha

1ermochemistry is the study of the hea

hange of chemical reaction.
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energy exchange is possible.




g — -
Open system: can exchange both matter and
energy with the surroundings. A living
organism 1s an open system.

Closed system: can exchange energy but not
matter with the surroundings.
Isolated system: exchanges neither matter nor

energy with the surroundings.



S system 1S a Syste

erogeneous system is a system with

ore than one phase.




Three-phase system of water
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e process
onstant volume (V=const).

aric process is the process that takes pla

onstant pressure (P=const).

othermal process is the process that takes

e at constant temperature (T=const).
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olves heat to the surrounding

dothermic process (reaction) is a

rocess that absorbs heat from the

rroundings.
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ate or present condition of a's
not on how this state is attained.

e common state functions are internal

ergy (U), enthalpy (H), entropy (S) and free

gy (G).
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“The first law. Energy is conserved; it can be
neither created nor destroyed.
The second law. In an isolated system, natural
processes are spontaneous when they lead to
the increase in disorder, or entropy.
The third law. The entropy of a perfect crystal

is zero when the temperature of the crystal is

equal to absolute zero (o K).
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gy (U) is the su

and potential energies of the pa

form the system.




) is a term that de

1eat content of a system.

[ = heat absorbed by the system at

nstant pressure.




Standard enthalpy change of formation of a substance is symbolized as
(AH;) and is the enthalpy change when one mole of the compound is formed from its

elements under standard conditions. AH; is measured in kJmol™.




bstances are in their stande

e pressure is 101.3 kPa (101325 Pa =1

=760 mm Hg);

the temperature is 298 K (K = °C +273).
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Thermochemical equations are equations of

the reactions in which the physical states of the
substances and the values of any
thermodynamic function of the state are
indicated. The reaction enthalpy in this case is

called heat effect of the reaction.
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Figure 3.2 — A diagram showing different routes of chemical reaction



ard reaction taken wi

wvard — —AH backward

xample,

. b -1
Ca(s) +%02(g) [] CaO(S), AHr =—-635 kJmol
CaO(S) L Ca(s) +%02(g); AH: =+635 kJmOI_l




2. Heat effect also called enthalpy change of the reaction (aH;)

equals the sum of the enthalpies of the products formation

minus the sum of the enthalpies of the reactants formation

with the account of stoichiometric coefficients.

"ﬂHr = Z mf (products) Z mf (reactants) .
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o 90
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High order Less order
low entropy more entropy

The more mixed up a svstem is the higher its entropv




ly on the initial and final state

) . 1,1
. S is measured in Jmol K
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ange of a

e of the spontaneity of the

ion. The more negative the free energ

ange, the more spontaneous the reaction




halpy, entropy, and tempera

y the equation







The sign of this function change in a reaction can be a
criterion of the possibility of the reaction to proceed
spontaneously.

AG=<(0 — the process is spontaneous;

AG=>0 — the process is not spontaneous. The reverse
process will be spontaneous;

AG=0 — theprocessis at equilibrium.




Sign of
g ] ’
AS AG

— +  The process is not spontaneous  photosynthesis

The process is not spontaneous  melting (s - L);
at low temperature evaporation (L - g)

The process is spontaneous combustion of organic
compounds

The process is not spontaneous
at high temperature

The process is spontaneous at
high temperature Br, — 2Br

The process is spontaneous at Condensesion
low temperature




The free energy change in chemical reactions can be

calculated either by using standard frees energy of formation

(aG;), or AH and AS:

AG=g AG;__. .. -€ AG!

f{produ f{mactant=} =

AG=AH- TAS
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that living organi
ain the energy they need and to

hesize the compounds they require are

mmonly known as metabolism.
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blex molecules




