2 Reaction Rate and Rate L aw

2.1 Rateof reaction
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Thegraphsabore shav the changealongtime of the concentrationsf the reactant
andthe product. Therateof the lossof thereactantt a particularmomentis given by
theslopeof thetangentof the graphat thatmoment.(Seealsothe diagrambelow.)

d[R]

Rateof lossof reactan(R) = T 9)

Similarly, therateof theformationof the productatthatmoments givenby

Rateof formationof product(P) = +% (10)
Notetheminussignin (9): thereactantoncentrationiR] is decayingalongtime sothat
its derivative d[R]/dt is negative, andthereforeEq (9) overallis positive.

In general,reactionrateschangealongtime. As the graphbelonv shaws, the rate
is usuallythe largestat the beginning (t = 0) andgraduallydecreasesalongtime as
thereactionproceedsndthe concentrationgpproactho their asymptotigequilibrium)
values.
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2.1.1 Stoichiometry

Let usconsiderareactionA — B, whereonemole of A producesonemoleof B. The
ratesof thelossof A andtheformationof B arerelatedas

d[A] _ d[B]

A—B s
_> dt dt

(11)
Now, how should(or shouldnot) this be modifiedfor a differentreactionA — 2B ?In
this case becausewo molesof B is producedasonemole of A is lost, the rate of the
formeris twice aslarge asthelatter Thereforewe find

d[A]  1d[B]
A — 2B il R (12)
Similarly, for areaction2A — B,
d[A] d[B]
B ol R 72 S b
2A— B = p (7 o (13)

(Find the numericalcoeficient.)



Question:

Considerthereaction
2 NQO5 (g) — 4 N02 (g) + 02 (g)

Find the numericalcoeficientsin

d[N;Os5)  _ d[NOs]  _ d[Os]
dt =) dt =) dt
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Hereis a usefulformulafor generakeactions
anl—i-nng—i—---—>m1P1+m2P2+--- (14)

We simply put the inverseof the molar coeficientsin front of the derivativesd[R]/dt
etc.,rememberinghe minussignsfor thereactants;

LdR]  1dRJ  1dP]  1dP)
o At ot T T a T e ar (15)
2.2 RateLaw

As we have seenthereactionrateschangeslongtime, normally decreasealongwith
the progressf thereaction.Thisimpliesthatthe ratedecreaseasthe numberof reac-
tantmoleculesdecreasesNormally, asthe concentration$ of the reactantsiecreases,
the chanceof their reactve encountemwill alsodecrease.(On the otherhand,thein-
creaseof the productconcentrationsnayinhibit thereaction.)

We often obsene that the reactionratesare proportionalto the concentration®r
the squareof the concentration®f the reactants.We sometimes obsenre the reaction
ratesproportionalto the cubeor the square-roobf the concentrationsThesemay be
describedn aform,

Rate= k[A]"[B]™ - -- (16)
wherethe coeficient k is calledthe rate constant of the reaction. n andm arethe
orderswith respecto thereactantA andB, respectiely. They aremostoftenl or 2,
andsometimes3 or 1/2. We alsodefinetheoverall order by n + m.

tFor gasphaseaeactionsyve usuallyconsidempartialpressuresf thespeciesnsteadf concentrations.
Thepartialpressurés proportionako theconcentratiorior idealgasestagiventemperaturandvolume,
pV =nRT = p= RT(n/V).



It is very importantto note that the orderscannotbe predictedsimply from the
stoichiometryof thereaction.Let usseethefollowing two examples:

Example 1.
2NO(g) + O2(g) — 2NO2(g) (17)
Obseredratelaw: Rate= k[NOJ]?[O,]
Example 2.
250:(g) + O2(g) — 2503(g) (18)
. 1 [SO.]
Obseredratelaw: Rate= £[SO,|[SO3]72 =k
[SOs]
Notethatthesetwo reactionshave the samestoichiometryof
2A + Oy — 2A0 (19)

but the obsered rate laws (the orders)are totally different. This meansthat we can-
not predictthe ratelaw just by looking at the equationof the reaction. Generally the
ratelaws mustbe determinedrom experiments. The experimentalmethodsandtheir
theoreticabackgroundvill bediscussedn the next section.

Aswewill seein thesubsequerndiscussiongjifferentratelaws comefrom different
mechanisms of the reaction.Namely differentinvolvementsof the elementary steps
andthe associatednter mediate species. In otherwords, by carefully examiningthe
ratelaw, we expectto be ableto clarify the mechanisnof thereaction. Thisis indeed
the major motivation to study ChemicalKinetics. From the analysisof the ratelaws
dervedfrom experimentswe candiscussandinfer the mechanisnof thereactions.

Question:  Statetheorderswith respecto eachspecieandtheoverall orderfor Exam-
plesl and2. Doestherateincreaseor decreasastheconcentratiorof SO; increasesn
Example2? Whatcould be the chemicalreasorfor this?

2.3 Temperature Dependence
2.3.1 Arrheniuslaw

Normally, the reactionratesincreaseby raisingthe temperature.This soundsnatural
sincethereactanimoleculeswill move moreactively in highertemperatureandhence
the chanceof their reactve encountemwill be larger It wasfound from a numberof
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