


Reaction Rates  
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For the reaction: 
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At equilibrium:    Forward rate = Reverse rate 

 1 2[ ][ ] [ ]k A B k C  (4) 

 2

1
[ ][ ] [ ]

k
A B C

k
   (5) 

For closed system and one mole each of [A] and of [B], with 1 21 and 10k k  , then: 
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And (1 ) [ ] [ ] 0.916 and X=[ ] 0.0839X A B C     . 

 

Implementation: 
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Generalized: 
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Heats of reaction: 
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And heat balance requires: 
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Tbble l. Tablcaux forcarbonuc systcm. neglecting
HzO as a spocies and component.

and

fr {rr-t* 2[Hzcorl a tHcof l - toH-]) = 0

fr {rr^*'l+ tcacorr) = o

fr (r"o;t, + [Hzcor].. grco!) + tcaco3l) = o.

From the cxample, it is apparent that wc have climinated the reacuons in the cquations originally
corrcsponding to the species H+, Ca+2, and CO!2 by making use of the rclauons in the first

foru cquations. The last ttuec cquations are mole balanccs for rotal H+, Ca+2, and COlz

T oTH' = [H*] - tOH-l + tHCOtl + 2[HrCOr]
T oTCa+2 = [Ca+2] + [CaCoi]

T OTCO;2 = [COt2] + [HzCOrl a IHCO3 i + [CaCOr].

Note that the canonical form of the stoichiometric reaction matrix is identical to the
tableaux form popularized by Morcl and coworkers (Morel and Hering, 1993; Dzombak and
Morel, 1990). By ransposing the last thrce rows of the matnx M in Equation (17), we can
wnte the marix in tableaux form (Table l).

The procedure has yielded exprcssions for the total concentratrons of the N, pimary or
component species. A morc general form is given by

N,

T O T t = C t * I r , r x ,
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l = l

wbere C, and X, rcfer to the concentration of the primary and secondary species respectivell'.
Norc that the number of secondary species is equal to rV,, the number of linearly independent
rcacLions in the system (i.e. the rank of the matrix u). Equation (27) nd E4uation (28)
are recognizable as the total concentrations of calcium and carbonate respectively. The total
concentration of H+ is wrinen in exactly the same form as the other equauons. although is
physical meamng is less clear because it may take on negative values due to the negative
stoichiometric coefficients in the expression. The mole balance equation for total H+ is just
the proton condition equarion referred to in many aquatrc chemrstry textbooks. Oxidation-
reduction reactions are also casily handled with this method. If the redox reacuons are wrinen
as whole cell rcactions, therc is no nccd in any application not involving an eleccical current

(see Lichmer, this volumc) to introducc the electron as an unknown. Writing the reactrons as
whole cell reacuons allows redox reactions to bc tneatcd exactly likc any other reaction.
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