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Reaction Rate

We definereaction rate in terms of the rate of appearance of a
product or the disappear ance of a reactant

Although thereareindividual ratesfor each reactant or product,
we do define one “rate” for theentirereaction. Thisrateis
defined in terms of the stoichiometry of the reaction.

Example H, +1,® 2HI

CDH2 _ D12 _10HI]

Therate of thisreaction is Dt Dt 2 Dt

The bracketsindicate concentrations, usually in moleg/liter. The
D means “change in” the following quantity and is “final” —
“Initial”. Thusreaction rates have units of moleg/liter/sor
moleg/liter-s.

Therate of thereaction usually changes with time and can be
obtained graphically by taking the slope of the concentration vs.
time graph at any point in time.
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Ways to monitor concentrations

1. Pressure or volume of a gasreaction
2. Massloss or gain (gas especially)

3. Spectra (IR, UV, GC, NMR, etc.)

4. pH

5. Titration

Waysto take samples

1. Real time analysis— withdraw a small sample or monitor the
bulk

2. Quenching — stop RXN quickly

3. Flow — reactants are mixed, solutions flow through an outlet
tube, different positions of the tube correspond to different
times
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Collision Theory

We model reactions using our ideas of kinetic theory. Themain
Ideaisthat molecules must collide in order to react; anything that
affectsthese collisions affectsthe reaction rate.

Factor s which affect the frequency and intensity of collisions

1. Natur e of reactants
. Reaction mechanism

M ost reactions proceed by many steps, not just one step.

Each step iscalled an elementary step. If only one moleculeis
Involved thereaction is called unimolecular; if two,
bimolecular. The dowest step istherate determining step
and controllstherate of the summary reaction.
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- Activation energy

Reactants must have a certain energy to become products. This
Iscalled the activation energy. A catalyst increasestherate of a
reaction because it lowersthe activation energy of a step or
changes the reaction mechanism steps (providing an alternative
pathway). A catalyst can bein the same phase asthereactants
(homogeneous) or in a different phase (heter ogeneous).
Enzymes are good examples of homogeneous catalysts; the
catalytic converter in your car isa heter ogeneous catalyst.

2. Concentration (includes surface area for solids)
3. Temperature
Temperatureincreasesthe number of collisons and the

Intensity (energy ) of the collisons. Thusdoubling
temperature does morethan just doublereaction rate. A

good “rule of thumb” isthat an increase of 10C° doublesthe
reaction rate.
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The Rate Law

Theratelaw combines these factors affecting reaction rateinto a
mathematical expression that allowsusto predict (after the use of
calculus) what the concentrations of products and reactants will
beat any point in time. Theoriginal rate law shows how therate
depends on the concentrations of reactants and is sometimes
called the “differential” ratelaw. After weintegratethis
expression mathematically we get the “integrated” rate law
expression that shows how concentration changesover time.

In general for each step of areaction mechanism thereisarate
law. Somereactions are smple and only go through one step;
most however have many steps.
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For a sample step: aA +bB ® xX
Theratelaw would be:
Reaction rate = k [A]?[B]"

- “a” and “b” are called the order of thereaction for species A
and B. Thesum of “a+b” isthe overall reaction order.

- “Kk” Isthe specific rate constant and includesthe factor s of
nature of reactants and temperature.

- the concentrations of A and B show the concentration influence

Theratelawsfor theindividual stepscan be combined to get an
overall ratelaw for thesummary reaction. It isimportant to note
that one cannot write arate law expression from the equation for
areaction unlessthe mechanism isknown. Since the exact
mechanism steps are usually not know, therate law for the
summary equation isusually pieced together by experiment.

Kinetics Slide 6



Determination of RXN Order and “k”

Thereaction order and specific rate constant “k” must be verified
by experiment. Two methods ar e outlined below.

. Look at theinitial rates

Comparetheinitial reaction ratesfor two experiments, keeping
temper ature constant and all concentrations of reactantsthe
same except for onereactant (thisiscalled an isolation
technique). Deduce or mathematically solve for thereaction
order. Once order isknown for each species, arate constant can
be determined.

To mathematically solve use the expression
Rate=k [A]”
Takethenatural log of both sidesand plot In Ratevsin [A]
Thedopeisequal totheorder x
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. Fit to an Integrated Rate L aw

We assume a differential rate law (with an associated order) and
Integrate to get an equation which relates concentration and time.
(It ispossible for the productsto beinvolved in therate
expression. Thiswill depend on the reaction mechanism.) We
then seeif our actual numbersfit the assumed model. This might
seem to be very difficult, but many reactions are either first or
second order so we usually only haveto seeif our datafitsa
couple of models. L et’s examine a couple of easy onesinvolving
only onereactant.
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The 1% Order Mode

For a ssimple one step reaction A® P the following differential
ratelaw holds
Rate=-D[A]/Dt =k [A]
Thisrateisa“dope” in mathematical language. What eguation
hasthisslope? Thisiswhat calculuscan do for usthat algebra
cannot. If the D’sget very small we can replace them with d[A]
and dt in calculus language and integrate to get the following
expression.

[A] = [Alee™
Another form of thisis

In[A] =-kt +In[A]o

Thusif wegraph In[A] versust and get a straight line our model
Iscorrect. Theslopewill be—k.
Theamount of timethat it takesfor % of A to becomeP iscalled
the half-life (t1,). From the above equation

t1, = 0.693/k
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The Second Order M odd

For a ssmple one step reaction 2A® P the following differential
ratelaw holds

Rate = -(1/2)(D[A]/Dt) = k [A]*
Theequation that hasthisslopeis:.

1 " 1

Thusgraphing 1/[A] versust should give a straight linewith a
slope of 2k if our model iscorrect. The corresponding half-life

- t, = — >
equation is > 2k[ A],

Noticethat the half life of afirst order reaction does not change.
It doesfor a 2" order reaction. Note: For a 2" order reaction
where A® P (instead of 2A® P), remove the factor of 2 from the
above equations.
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The Rate Constant k

Therate constant k can berepresented by the following equation
E a

k = Ae R
The exponential factor representsthe fraction of collisonsthat

havethe proper energy toreact. Thefactor “A” takesinto
account that the geometry of the collision must also beright.

When we takethe natural log of both sides of the equation we
find the following form:
e Edol

Ink) =¢ R o +1n(A)

A graph of In (k) versus /T should giveastraight linewith a
slope of —-E /R. This providesagood way to find the activation
energy for areaction.
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