Zakladni vztahy k procvic¢eni

AGY = AH® — TAS®

AGE i = 2 coeff, AG*(products) — X coeff, AG® {reactants)
{:- I ﬂ il
aA + BB = cC + D K =M]J.

“ AL, 18P,

AG = AGY + RT In O

}=AL"+ RTIn K, AG® = —RT In K,

Kniha:
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EPROBLEM 18-2 THERMODYNAMICS AND K,
standard thermodynamic data, find the value of K, at 298 K for the Haber reaction:
Ny +3H, 4, =2 NH;

: Equation 13-5 provides the link between thermodynamic data and K. We must
dleutate AG? |, from tabulated standard free energics of formation.

AG?, = X (coeff) AG] (products) — T (coeff) AG] (reactants)
dix E contains the appropriate vailues:
AGY (klmol): Ny o, 0 H, o, 0 NH, (. —16.4 Kol
_ AG® = (2 mol NH,)(—16.4 ki/mol NH,) — 3(0) — 1(0) = —=32.8 kI
ci_;?rmim the equilibrivm constant, Equation 15-5 must be rearranged to isolate In K.

_AG _ —(=328Kk0(10° M) o
RT (8314 WK)298 K)

K, = e =56 % 10° atm™

in Keq=

xponential gives a dimensionless number, since ¢* is always a pure number. However,
sigh units to K as required by the concentration quotient. Remember that the super-
“o” in AG” refers to standard conditions that inclade concentrations of | M for solutes
attn partial pressure for gases.

Remember that AG{ for any element
in its standard state is zero.



SAMPLE PROBLEM 15-10 K AND TEMPERATURE
Use tabulated thermodynamic data to estimate K, for the Haber reaction at 500 °C. ~

METHOD: Values for AH® and AS” can be calculated using tabulated thermodynamic valugss
Then Equation 15-6 can he applied to determine the value of the equilibrium constant at
500 °C. First, we need AHT | and AST -
AR = E (coeff) AH} (products) — X (coeff) AHY (reactants)
AS?, = 5 (coeff) §° (products) — Z (coeff) 5° (reactants)
Appendix E contains the appropriate values:
-0 NH, ,: —46

AP, (klimol) N, o 0 H,
5 (Jmol K) N; o 191.6 H, ,y 130.7 NH, o 1924

ARF = (2)(—46 k)fmol) — 3(0) — 0 = —92 kl/mol
AS° = (2)(192.45 Jmol K) — (3)(130.7 J/mol K) — 191.6 Jimol K
AS" = —198.8 Vmol K
Now calculate K, at 500 °C using Equation 15-6:
A AF

mE = i 4 22
"Ra” Rt TR

i _ (=9 kJ/mol)(10° Jik]) " (—198.8 Jfmol K)
"8y = (8.314 Jimol K}500 + 273 K) (B.314 Jimol K)

In Kﬂ =143 -239=-94
Taking the anti/n, or €°, of —9.6 gives the estimated equilibrium constant at 500 °C:
K, =6.1> 107 atm™




