


Reaction Rates

For the reaction:

At equilibrium:

a_t- + V . (Cl‘ll) — V . (DZ‘VCZ') = RZ (1)

A+B 2 C ()
Forward rate = Fk[A][B]

Reverse rate = ky[C] 3)

Forward rate = Reverse rate

KAIB] = k[C] (4)
[mngm 5)

For closed system and one mole each of [A] and of [B], with & =1 and k, = 10, then:

And (1 - X) = [4]

Implementation:

Generalized:

Heats of reaction:

And heat balance requires:

[A][B]  (1-X)* 10
c] X 1 (©)

[B] = 0.916 and X=[C] = 0.0839.

R, = -K[AI[B] + kl[C]

Ry = —K[AI[B] + kl[C] (7)

Re = +k[AI[B] - Kk[C]

- Tl T K T ®
H, = RAH, ©)

pc%—f—l—V-(Tu)—V-()\VT):Hi (10)












Table 1. Tableaux for carbonate system. neglecting

H,O0 as a species and component.
Components
H*  Ca*? €072
Species H,CO; 2 1
HCO; | 1
CaCO, 1 1
OH~™ -1
H* 1
Ca*? 1
Co;2 1
and
d - -
i ((H*] + 2[H,CO5] + [HCO3 ) — [OH7]) = 0 (23)
d
- (ICa*?) + [CaCO3]) =0 (24)
d
= ([CO; 2} + [H,CO5) + HCOZ1+ [CaCO;]) =0. (25)

From the example, it is apparent that we have eliminated the reactions in the equations originally
corresponding to the species H™, Ca*?, and CO;2 by making use of the relations in the first
four equations. The last three equations are mole balances for toral H*, Ca*2, and CO3'2

TOTH* = [H*] - [OH"] + [HCO; ] + 2[H,CO;]) (26)
TOTCa*? = [Ca*?] + [CaCO;) (27)
T OTCO;* = [CO;?] + [H,COs] + [HCO; ] + [CaCOs). (28)

Note that the canonical form of the stoichiometric reaction matrix is identical to the
tableaux form popularized by Morel and coworkers (Morel and Hering, 1993; Dzombak and
Morel, 1990). By transposing the last three rows of the matrix M in Equation (17), we can
write the matrix in tableaux form (Table 1).

The procedure has yielded expressions for the total concentrations of the N. primary or
component species. A more general form is given by

N,
TOT,=C,+ ) w,X, (29)

1=}

where C, and X, refer to the concentration of the primary and secondary species respectively.
Note that the number of secondary species is equal to N,, the number of linearly independent
reactions in the system (i.e. the rank of the matrix v). Equation (27) and Equation (28)
are recognizable as the total concentrations of calcium and carbonate respectively. The total
concentration of H* is written in exactly the same form as the other equations, although its
physical meaning is less clear because it may take on negauve values due to the negative
stoichiometric coefficients in the expression. The mole balance equation for total HT is just
the proton condition equation referred to in many aquatic chemistry textbooks. Oxidation-
reduction reactions are also easily handled with this method. If the redox reactions are written
as whole cell reactions, there is no need in any application not involving an electrical current

(see Lichtner, this volume) to introduce the electron as an unknown. Writing the reactions as
whole cell reactions allows redox reactions to be treated exactly like any other reaction.






