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K = [Ca?"][F]? = 1071057 at 25°C
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Toplam konsantrasyon,
Efektif, aktif (etkili) konsantrasyon

Table 4.1. Conventions for standard states and activities.

Concentration measure Symbol Standard state

Gases Gas pressure (atm)/] atm P;/ P° P =1 atm

Solid and liquid mixtures ~ Mole-fraction X X =1

Aqueous solutes Molality/(1 molal) m;/ m’ m” = 1 mol/kg H,O
Exchangeable 1ons Equivalent- or Mole-fraction B or pM B=1,BY =1

Aktif konsantrasyon = aktivite katsayisi * toplam konsantrasyon

] =y,

—1 > 2(m. m
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Doygunluk Indisi ve
Gibbs Serbest Enerijisi

Q) = IAP/K

SI = log (IAP/K)
calculation of mass action constants
aA + bB & ¢C + dD

[C]‘" [D]d
A]“ [B] b

i

AGY = —RT In

AGf}' = —RT InK

f reactants

AG" = ¥ AG!

| products

8.31410:kJ/mol/deg

Kelvin °C 273

AG, > 0 the reaction proceeds to the left;

AG, = 0 the reaction is at equilibrium;
AG, < 0 the reaction proceeds to the right.




Ornek hesa pIa IMa (Gibbs serbest enerijisi

EXAMPLE 4.4. Calculation of solubility products from Gibbs free energy data
Calculate the solubility product of calcite from the Gibbs free energies of formation at 25°C (Wagman et al.,
1982):

A0 — 1178 R K1/

A(-T_;"C‘;aC‘(Z)3 1128.8 kJ/mol

QGP.., ». = —553.6 kJ/mol

AG’;;’C,(.);, = —527.8 kl/mol

ANSWER:
For the reaction CaCO; <« Ca’™ + CO3~
we obtain

AG? AGY ..+ AGY , — AG?

fCa? “fco¥ ~fCaCO,

QG,E' —553.6 — 527.8 + 1128.8 = 47.4 kJ/mol

AG? —RTInK

474 = —8.314X1072 X 298.15 X 2.303 log K = —5.708 log K
log K 47.4/ —=5.708 = —8.30

Calculation of mass action constants at
different temperature



Ornek hesaplama van't Hoff esitligi

—AHO
logKTl—logK = |
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EXAMPLE 4.5. Temperature dependency of the solubility product
Calculate the solubility product of calcite at 10°C from the following enthalphies of formation (Wagman
etal., 1982):

AH! 0, = —1206.9 kl/mol

AH}JC . = —542.8 kJ/mol
JLas

A’H_focog- = —677.1 kl/mol

ANSWER:
For the reaction CaCO; <« Ca’" + CO3~
we may write,

AH? = —542.8 + (= 677.1) — ( — 1206.9) = —13.0 kJ/mol

which means that the reaction is exothermal: the system heats up when calcite dissolves. The difference in
log K between 25°C and 10°C, according to Equation (4.29) is:

oo K low K —AH? 1 1
0 —lo = B
£ Ras &% T 5303k 20815 283.15

~13.0 L
2303 X 8.314x1072 ( 298.15  283.15
= —0.12

In EXAMPLE 4.4 it was calculated that log K at 25°C is —8.30, so that at 10°C K. =
—8.30 + 0.12 = —8.18. Thus for an exothermal reaction the solubility increases with decreasing tempera-
ture and vice versa for an endothermal reaction.




Doygunluk Indisi R

Ornek: Jips minerali

Gypsum

= 10746
[CaSO, - 2H,0]

Kpsum = [Ca“T][SO;7]  (activities at equilibrium)

AP, m = [Ca*7][SO;7]  (activities in the water sample)

SI = log (IAP/K)



Parkhurst, D.L., and Appelo, C.A.J., 2013,
Description of input and examples for

P h reeq C PHREEQC version 3—A computer program
for speciation, batch-reaction, one-
dimensional transport, and inverse

SI h esa p I a m a SI geochemical calculations: U.S. Geological
Survey Techniques and Methods, book 6,

chap. A43, 497 p., available only at
http://pubs.usgs.gov/tm/06/a43/.
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Phaze : 1og log KT

Fluorite -0, -10.7 -10.60
HZ (g) -22. -0.04




Kimyasal Kinetik — Kimyasal Denge

Kinetics




Reaksiyon kinetigi

Zeroth order

First order

Time

Second order

log rate = log k

}Iogk

log[A]

log rate = log k +
log[A]

log rate = log k +
2 log[A]
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