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ation. The equﬂlbrlum reactlons relating the various carbonate species
are summarized in Table 6.1. ‘

The solubility of CO, in water at 25°C can be represented by
CO,(g) + H,O H,CO3;  log K° = —1.46 (6.1)

TABLE 6.1 EQUILIBRIUM RFEACTIONS IN THE
CO,—H,0 SYSTEM AT 25°C

Reaction
No. Equilibrium Reaction

CO,(g) + H,O0=H,CO;
H,CO$<=H* + HCO;
HCO; =H" + CO?-

CO,(g) + H,O=H" + HCO3

CO,(g) + H,O=2H" + CO3%"




CHI. & CARBONATE EQUILIBRIA

H,COZ2 — 10 *25CO.,(=2)

6.2)
log H,L,CO3 = —1.46 + log COx(2) (6.3)
where HoCO3 is expressed as moles per liter and CO.Z(g) is expressed in
atmospheres.

In scelution carbonic acid dissociates to give

H_ O3 o HY 4+ HCO; log K= =

— 6.36 (6.4)
Thus -

(HHY(HCOI). B ' i
— 10 53& - (6.5
H_CO3 , >
HCOS

;_3; — p¥ — 6.36 L {(6.6)

log

At pH 6.36, the molar ratic of (HCO3) to (H.CO3) is unity. This ratio
increases 10-fold for each unit increase in pH and decreases 10-fold for each
unit decrease in pH. Reactions 6.1 and 6.4 can be combined to give

log K*°
COL(s)y + HLO H,,CO3 — 1.46
I, CO3g C CHT - HCO3S — 6.36

COL{() + HL,O HY 4+ T1ICO35 — 7.82

. 1077 F2C0Oa(z)
(HCO5 J — >

— 7.82 + pH —+ log CO.(=)
dissociates to give: .

log HCO; =

The bicarbonate ionl also

- HCO; Y + COZ— log K° — — 10.33

Thus -
AIDHECO3 ) _ (5 -10.33
(HCO3)
CO3 >
a5y — pPIL 10.33

log
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At pH 10.33 the molar ratio of (COZ% ) to (HCO3) is unity. Each unit
increase in pH increases this ratio by 10-fold, and each unit decrease in pH
decreases it by 10-fold. Combining Reactions 6.7 and 6.10 gives

log K°
CO.L(g) + H.O HY + HCO3
HCO;

— 7.82
HY + CO3—

— 10.33

CO.(g) + H, O 2H* + COZ— S - o 6.13)

. 107 18- 15COL () =

(COZ ) = ai > = (6.14)
—18.15 + Z2ZpH + log CO.(=) (6.15)
Convenient relationships that follow from Eq. 6.3, 6_9, and 6.15 are given
in Table 6.2. =

=

log CO3 =

The mole fraction distribution of the various carbonate species in solution

is shown in Fig. 6.1 where activity coefficients are taken as unity. Total
carbonates in solution comnsist of TH,COS + HCO; 4+ COZ ] so the mole
fraction (M F) for HCO3 is

HCO; .
M Epaes — H,.COS + HCO; + COZ— 6.16)

Using appropriate expressions from Eqg. 6.2, 6.8, and 6.14 for each of the
terms in Eq. 6.16 gives

10— 7-22/(CH*)
MFHCOZ = 10 1-495 = 10-7-82/(H+) - 10—18_15/(H+)2 (6‘17)

TABIL.E 6.2 DPDISTRIBUTION OF CARBONATE SPECIES IN SOLUTION
AS A FUNCTION OF CO.(2)

COL(g). atm log CO.(g), atm log H,COS, A log HCO;5, M log CO3—, Af
0.0003

0.003

0.01

0.1

1.0

—3.52 rH — 1134 2pH — 21.67
—2.52 PrH — 10.34 ZpH — 20.67
—2.00 —3.46 PH — 982 ZpH — 20.15
— 1.00 —2.46 rEH — 8.82 2pH — 19.15

000 —1.46 PrH — 7.82 2pH — 13.15

—4.98
—3.98




CH. 6 CARBONATE EQUILIBRIA
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Fig. 6.1 The effect of pH on the distribution of carbonate species in solution.
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Fig. 6.2 The effect of pH on the activities of carbonate species in equilibrium with 0.0003 atm
of COz(g).
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