CHAPTER 12-Chemical Kinetics

12.1 Reaction Rates- defined as the change in concentration of areactant or product

per unit time

rate = A[product or reactant]
AT
| nstantaneousrate- rate at a particular point in time(slope of the

tangent line of agraph whererateisplotted [ ] vs. time

Slope = AY.
AX
= Al product or reactant]/
AT
-reaction rates change with time(dueto A[ ]) and is also dependent on

the stoichiometry of thereaction.

12.2 Rate Laws: An I ntroduction

rate=k[reactant]" (k =rate constant, n = order)
-ratelaw is an expression which shows how therate depends solely on

the concentrations of the reactants(differ ent rate law)

-integrated rate law expresses how the concentrations depend on time.

-the use of either one of thetwo rate lawsis dependent on
experimental conveniencerate laws areimportant in yielding
information about different stepsin areaction thusfar,

rate = -Alreactant] = k[reactant]"
AT

12.3 Deter mining the Form of the Rate L aw

-to under stand a given reaction we must first determineits“form” (or

figure out the order and rate constant).



-initial rateistheinstantaneousrate of areaction beforethe
concentration of reactants change significantly.
» sampleexercise12.1
BrOs(aq) —5Br (aq) + 6H" (aq) — 3Bra(l) +3H,0(1)
Rate = k[BrOs]"[Br]™[H*]"

Rate 2 = (1.6 x 10> mol/L x S) = k(.20 mol/L)"(.10 mol/L)™(.10")]
Ratel (1.0x 10” mol/L xS) k(.10mol/L)"(.10 mol/L)™(.10%)

2.0 = ((.20 mol/L))"
(.10 mol/L))

Rate 3=3.2x 102 = ((.20))"
Rate2=16x10° ((.10))

20=(20)" - m=1

Rate 4 = 3.2 x 10° = ((.20))°
Rate1=8.0x 10" ((.10))

40=(20° - p=2
s0, rate = k[BrO3][Br][H"]?
8.0 x 10" = k(.10)(.10)(.10)*
8.0x 10* mol 4/L x S™ 4
1.0x 10*mol 4/L*
8.0L%mol®x S=k

12.4 The Integr ated Rate L aw

1¥ Order Rate Laws [A]-conc. at timet

In[A] = -kt + In[A]o t=time
[A]o - conc. at t=0

-areaction isfirst order in A if aplot of In[A] vs.tisastraight line.



*sampleex. 12.2

slope-Ay = Aln[p]
Ax At

Half-Life of a First-Order Reaction- thetimerequired for areactant toreach

half itsoriginal concentration.

*sampleex. 12.4

A certain first-order reaction has a half-life of 20 minutes.

a. Calulatetherate constant for thisreaction.

b. How much timeisrequired for thisreaction to be 75% complete?

a) Solving Equation 12.3 (ty,= %:) for k gives
k = .693 = .693 = 3.47 x 10°min™*
t, 20min.

b) Weusetheintegrated ratelaw in theform In([A]o) = kt
([A])

If the reaction is 75% complete, 75% of thereactant has been

consumed, leaving 25% in theoriginal form: [A] x 100 =25

[Alo
Thismeansthat [A]lo=1=4.0 Then, In(4.0) = kt = (3.47 x 10t
[A] 25 ( min )
and t =In(4.0) = 40 min.
3.47 x 10
min

| ntegr ated second-order ratelaw hastheform 1=kt + 1
[Al  [Alo

Integrated ratelaw for a zero-order reaction is[A] = -kt +[A]o

12.6 Reaction M echanisms — series of stepsthat occur in chemical reactions




intermediate- a speciesthat isneither areactant nor product but formed and
consumed in thereaction series

rate determing step- slowest step in areaction sequence.

Elementary step- a reaction whoserate law can be written based on its

molecularity.
Molecularity- # of speciesthat must collideto producethereactionin a
particular step
=> unimolecular step —involves one molecule
=> bimolecular step —involvestwo molecules
=> ttermolecular step —involvesthree molecules
» aseriesof elementary steps must satisfy two requirements.
1. Thesum of the elementary steps must give the overall balanced
equation for the reaction.
2. Themechanism must agree with the experimentally determined
ratelaw.

12.7 A Model for Chemical Kinetics

Collision M oddl - reactions occur dueto the collision of molecules

Activation Enerqgy- threshold energy(min. energy required to produce a

chemical reaction)

Activated complex-transition state(top of energy barrier)

-rate depends on the size of the activation energy of a particular reaction
Factorsthat effect reaction rates:

1. Concentration (ratelaws)



2. Temperature- effective collisionsincrease exponentially with
temperature.

3. Molecular orientations—refersto the orientation of molecules at the
point of collision

12.8 Catalysis

Enzyme- increasestherate of biological reaction

Catalyst- substancethat spreadsup areaction without being

consumed(creates a lower energy pathway)

Homogenous catalyst- they arein the same phase as the reacting molecules.

Heter ogeneous catalyst- they arein a different phase (usually solid)  ex:

hydrogenation of ethene

-they provide a surfacefor reactantsto bind to, activate, react, and escape.



