3.2 Morethan one speciesinvolved

In the previous sectionwe assumedhat only onereactantspecieA is involvedin the
reaction. This is of coursetoo restrictve; in reality we much more often encounter
reactionsinvolving morethanonespecies.This implies that the dataanalysiswill be
more complicated.For example,how canwe determinethe ordersn andm whenthe
ratelaw is givenby

Rate= k[A]"[B|™ (35)

which meanghatthe differentialequationnow containstwo unknovn time-dependent
variablegA]; and[B];? Two representate stratgiesto work aroundthis problemare
theisolation method andtheinitial rate method.

3.2.1 Isolation Method

Supposehatwe have prepareda large excessof oneof thereactantssayA, compared
to B. Thatis, theinitial concentrationaresuchthat[A], > [B],. In this casewe may
considerthat[A] will staylargein the courseof the reactionso thatits concentration
changemaybe n@lectedapproximately

[A], ~ [A], (= constant)
Thentheratelaw will beapproximateds
Rate~ k[A]{[B]" = £'[B]"

wherek’ is definedby &/ = k[A]j. In this way, the unknavn variable[A] hasbeen
(approximately)eliminatedfrom the ratelaw. Now we canapply the methodsin the
previoussectionin orderto determinghe orderm andthe new rateconstant’.

In the next setof experimentswe preparea large excessof B comparedo A, and
repeatsimilar procedureo determineheordern. Finally, from n andk’ we determine
theoriginal rateconstant.

In this way, the contributionsfrom eachof the reactanspeciesanbeisolated one
by one.

3.2.2 Initial Rate M ethod

Another methodto avoid the complicationcoming from the involvementof multiple
speciess to consideronly theinitial rates (ratesatt = 0).
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The essentiapoint is thatthe concentration®f all the reactantspeciesare precisely
known att = 0 aswe have preparedhem.

(Initial Rate)= k[A]}[B]y

Thereforewe do not have to be concernedvith the complicatecchange®f theconcen-
trationsof themultiple specieghatwill occurin ¢ > 0.

For example,to determinethe ordern, we measurdhe initial rate of the decayof
[A], thatis, —d[A]/dt att = 0. Werepeathisfor differentinitial concentrationfA] , as
shavn in thediagrambelow. It is importantto keep[B], to thesamevaluein this series
of experiments(Otherwisewe will mess ugheanalysis!)
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Example: Thefollowing datahave beenobtainedfor areactionA + B — P.

[A] o [B]o Initial Rate
/moldm=2 | / moldm™3 | / moldm=3 s~!
0.2 0.2 5x 107°
0.4 0.2 1x 107

0.2 0.6 1.5 x 1074

Find the orderswith respecto A andB andtherateconstant:.

As illustratedby this Example,the analysisis easywhenthe ordersare immedi-
atelyfoundto be simpleintegers. For otherwiseandmoregeneralcasesthe following
proceduras useful.

By takingthelogarithmsof both sidesof
(Initial Rate)= k[A];[B]y"
we obtairnt*
log(Initial Rate = log k + nlog[A]y + mlog[Bly

Thereforetherateconstant andordern canbedeterminedrom aplot of log(Initial Rate
aaainstlog|[A]y. Notethat[B], shouldbekeptto thesamevaluein this analysis.By ex-
changingA andB, we candeterminehe orderm from anothersetof experiments.
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** Remembethatlog XY = log X +1logY andlog X™ = nlog X. Herethebasecanbe arything, so
we canuseeitherlog,, or In dependingon our particularconveniences.
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