THIRD LAW OF THERMODYNAMICS

 —

As a system approaches absolute zero of temperature
all processes cease and the entropy of the system
approaches a minimum value.

—

THIRD LAW OF THERMODYNAMICS

The entropy of a pure crystalline substance at
absolute zero is zero.

S(0 K) = 0 = perfect order

Absolute entropy, S

Temperature (K) —-

Entropy increasesfors - 1> g
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Predict whether the entropy change of the system in each -
reaction is positive or negative. ’

+ CaCO,(s) — CaO(s) + CO,(g)

* 280,(g) + O,(g) - 28504(g)

* Ny(g) + O,(g) — 2NO(g)

*H,0(l) at 25°C — H,0(l) at 55°C

Standard molar entropy (S°) S =

= molar entropy for substances in their
standard state

NOTE

* 8o« 0 for elements in their standard state
« So(gas) > S°(liquid) > S°(solid)
« Sc generally increases with increasing molar mass

+ 8e generally increases with increasing number of atoms
in the formula of the substance

Calculation of AS for a reaction

l ]
|

| Stoichiometric coefficients |

(S° from tabulated data)
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Substance 8% J/mol-K
Gases
Hy(g) 130.6
N,(g) 1915
0,(8) 205.0
H,0O(g) 188.8
NH,(g) 1925
CH,0H(g) 237.6
CeHy(9) 269.2
Liquids
H,0() 69.9
CH,OH() 126.8
CeHy() 172.8
Solids
Fe(s) 272
FeCly(s) 1423
NaCl(s) 72.3
_— —— ——

EXAMPLE _—

Calculate AS° for the synthesis of ammonia
from N,(g) and H,(9g):

N,(g) + 3H,(g) = 2NH;(g)

—_—

e —

Calculation of AS for the surroundings o

For a process that occurs at constant
temperature and pressure, the entropy change
of the surroundings is:

- AHSyS

ASgyrr = (T &P constant)
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GIBB’S FREE ENERGY (G) B

FIGURE 16.21 Josiah Willard
Gibbs (1839-1903).

Definedas: G=H-TS

- state function
- extensive property

AS iy =AS + AS

univ sys surr

At constant T and P:
AH,,
ASuniv = ASsys - Ts S

o = TAS,,iv = - TAS,, ¢ + AH

univ sys sys

AG=AH-TAS | (atconstantT &P)

We know:

AH
sys T

AS AS

univ —

Therefore: AH
AS - —F¥
Spontaneous process: sys T >0

Process at equilibrium: Ag_ . L_'I'_lsn =0
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AG = AH - TAS

Spontaneity involves

— T

AS AH

Spontaneity is favoured by increasing AS and
AH is large and negative.

AG allows us to predict whether a prcze_ss'i§ B
spontaneous or not (under constant ‘
temperature and pressure conditions):

AG < 0 = spontaneous in forward direction

AG > 0 = non-spontaneous in forward
direction/spontaneous in reverse
direction

AG = 0 = at equilibrium

Standard free energy (AG°)
AG® = AH° — TAS®

Standard states:

Gas - 1 atm

Solid - pure substance
Liquid - pure liquid
Solution - Concentration = 1M

AG? =0 kJ/mol for elements in their standard
states
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Tabulated data of AG,° can be used to calculate -

standard free energy change for a reaction as
follows:

’AG° = > nAG{ (products) — 3° mAG?(reactants)‘
[ ]
I

| Stoichiometric coefficients |

Substance T mor 7 oLy () L R I mor 7 ‘
AgS 0 +426 0 165) 0 6T | 0.
"AgCl(s) “1271 +96.2 1008 | L,(0) 624 2606 194 —
Alls) 0 28.32 0 MgO(s) 6015 +27.0 -569.2 -
AICI(s) 7042 1107 6288 | MnO,(s) 75200 531 4652
ALO,(s) 16698 510 15765 | Nyg) 0 1915 0
Br,(() 0 +1522 0 N,0,(g) +93 +304.2 w978
BrF,(g) -2556 +292.4 -2295 Na(s) 0 +51.3 0
Clg) +716.7 +158.0 +671.3 NaF(s) -569.0 +51.3 -546.3
Clgraphite) o +58 0 NaCl(s) -411.1 +72.4 -384.3
C(diamond) +1.9 +24 +2.9 NaBr(s) -361.1 +87.2 -349.1
CO(g) ~1105 1976 ~1372 | Nalls) 2878 S985 2824
CO,(0) 3935 2137 3944 | NaOH(s) ~4256 645 3795
CH,(0) 745 1861 508 | NH,(g) “462 1927 164
CHy(@) 1038 +2699 234 | NH,©O 506 1212 1492
Cals) 0 414 0 NO(g) +903 2106 866
CaO(s) -635.1 +38.1 -603.5 NO,(g) +332 +240.0 +51.3
CaCO,(s)calcite) ~1206.9 +929 11288 | HNO,(1) 4744 +1556 -80.8
Clyg) 0 +2230 0 0,(9) 0 +205.0 0
Cu(s) o +332 0 04(9) +142.7 +238.8 +163.2
Fl0) 0 +202.7 0 P(s)(white) 0 +411 0
Fe(s) 0 4273 0 P,0,4(8) 30100 2310 27240
Fe,0,(s)(hematite) 8242 874 ~7422 | PCl,(g) 2870 PR 2678
H(g) +218.0 +114.6 +203.3 PCls(g) -3749 +364.5 -305.0
Hy(0) 0 +1306 0 PbO,(s) 2774 +686 2174
HCI(g) “923 1868 953 | S(s)(orthorhombic) 0 320 0
HF(g) 2711 1738 2732 | H,S() 206 +2056 334
Hilg) %64 2065 +16_| Si0,(s)(quartz) 9107 w15 8563
HBr(g) 364 +1986 535 | SiCL(0) ~687.0 +239.7 ~619.9
HCN(g) +135.1 +201.7 +124.7 SO,(9) -296.8 +248.1 -300.2
H,0(0) 2418 1887 -2286_| SO,(g) 3957 2566 3714
H,0(1) 2858 +700 2372 | Zn(s) 0 +416 0
H,0,(1) 1878 +109.6 1204 | znO(s) 3505 +436 3205
Fal r 259 g

EXAMPLE

The combustion of propane gas occurs as
follows:

C;3Hg(g) + 50,(g) »3CO,(g) + 4H,0(1)

Using thermodynamic data for AG°, calculate
the standard free energy change for the
reaction at 298 K.
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