Chem 116
Intro. to Kinetics

Chapter 12

Chemical Kinetics: The Study of Rates of
Reaction

Reaction Rates

Chemical Kinetics study of how fast/slow (rate) a reaction occargj the mechanism by which it occu

Some reactions happ®ERY quickly, while others happeviERY slowly. We observe how fast the
reaction occurs. Balanced equation provides rarimftion on rate of reaction.
Examples:

Rate of reaction=

Consider the theoretical reaction: aA-> bB Reacton: A —> B
Write the expressions for.....

Rate of appearance of product = a

Rate of disappearance of reactant = ¢

NOTE: Pure product may never be obtained!!

[
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Sample Questions

1. Consider the following equation: 205(g) — 4NO,(g) + O,(9)
From the following experimental data calculateridue of disappearance of®, and the rates of

appearances of N@nd Q, over the time intervals: 0-500 s, 500-1000s, S.
Time (s) [N,Of
0 5.00 Is the reaction rate constant?

500 3.52 If not, what does it depend on?
1000 2.48 What is the difference betweafiN, O]/ At and —d[NOg]/dt?
1500 1.75

2. In aqueous solutions, molecular bromine reactis fermic acid (HCOOH) as follows:
Br,(aq) + HCOOH (aq)— 2Br(aq) + 2H(aq) + CQ(Q9)
From the following experimental data calculaterdte of disappearance of Band the rate of

appearances of Band CQ, over the time intervals: 0-50 s, 50-100 s, an@- S.
(0-50 s=3.8x16 M/s; 3.8x10° M/s; 7.6x1C° M/s; 50-100 s=3.3x1®M/s; 3.3x10P M/s; 6.6x10° M/s; and 100-150 s= 2.72x30//s; 2.72x16° M/s 5.44x1F M/s)

Time(s) [Br,] Time(s) [Br,] Time(s) [Br,]

0.0 0.0120 150.0 0.00710 300.0 0.00420
50.0 0.0101 200.0 0.00596 350.0 0.00353
100.0 0.00846 250.0 0.00500 400.0 0.00296

Rate of Reaction and the Slope

Instantaneous reaction rate: rate at each individual point on the curve

Graphically:
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Relating Rates of Appearance and Disappearance

How related?

1. Consider the following reaction:

CiHg(g) + 5Q(9) — 3CG, + 4H0(9)

If at a given moment g is reacting at rate of 0.400 motis?, what are the rates of formation of
CO, and HO? What is the rate of disappearance g% O

2. Hydrogen and nitrogen react to form ammonia @ting to the equation

3Hy(g) + N(g) — 2NHy(g)

If hydrogen is consumed at a rate of 0.50-Mwhat is the rate at which nitrogen is consumad, a
what is the rate at which ammonia is produced?

Rate Laws

It turns out that the rate of a reactiompisportional to the
concentrations of the differerdactantsraised toexperimentally
determined exponents.

A GeneralRate Lawcan be written for any reaction:

aA + bB — products

Rate =
Where:
k = specific rate constant
1.
2.
3.

m and n areorder of reaction with respect to each reactant
1.
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Rate Law Examples

The reaction: N@ig) + CO(g) — CO,(g) + NO(g) at 200°C is known to be second oideMO, and zeroth
order in CO. a. Write the rate law for this reactio

What is the overall reaction order for this réat?

What will happen to the reaction rate if the [J® doubled?
What will happen to the reaction rate if the [G®halved?
What are the units on k?

®ooco

The gas-phase reaction of nitric oxide and bnenyields nitrosyl bromide:
2NO(g) + Bi(g) — 2NOBr(g)

The rate law is rate = kINEBr,]. What is the order of reaction with respect toteaf the reactants, and what is
the overall reaction order? What will happen toréwction rate if [NO] is tripled? if [Bf is doubled? if [By]
halved? What are the units of k?

Bromomethane is converted to methanol in an algadblution. The reaction is first order in eacctant.
CHpBr(ag) + OHag) — CHOM(ag) + Biaq)

a. Write the rate lawgate=kicHsenion)

b. How does the reaction rate change in the @idcentration is decreased by a factor of:b i decrease by a factor of 5)

c. What is the change in rate if the concentratiomoth reactants are double@? vi increase by a factor of 4)

Factors That Affect the Reaction Rate

Example: Consider the heterogeneous reaction studied during
Exp #2: Chemical Reaction Rates.

General Rxn: M(s) + 2 H(aq) — M*3(aq) + H(g)

Reaction Rate =
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Method of Initial Rates

Experimental method used to determine orders ofgtan (m,n) and k.

Best way to learn this method is by example....
1. Use the method of initial rates to find tfa¢e lawfor the following reaction:

2 NOCI(g) — 2 NO(g) + C)(g) at27°C

NOCI
0.30 M
0.60 M
0.90 M

Initial Rate of Formation of NO
3.60x160 M/s
1.44x16 M/s
3.24x16 M/s

What is the value of the specific rate constant®vhuch will the rate of this reaction change # th
initial concentration of NOCl is increased from 0/@Qto 1.2 M?

2. Find therate lawfor the following reaction given the data showndvel

BrOgy(aq) + 5Braq) + 6 H(aq) — 3 H,0() + 3 By(aq)

[ero; 1
0.10 M
0.20M
0.10M
0.20M
0.30 M

Bri W1 -d[Bro,Vdt
0.10 M 0.10 M 0.0012 M/s
0.10 M 0.10 M 0.0024 M/s
0.30 M 0.10 M 0.0035 M/s
0.10 M 0.15M 0.0054 M/s
0.30 M 0.30 M ??

What is the value of the specific rate constantwhdt are its units? Calculate the rate of
disappearance of ByOfor the last trial.
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At 600 °C, acetone (CBOCH,) decomposes to ketone (GHC=0) and various hydrocarbons. Initial rate data
given below:

[CH,COCH], Initial rate of decomposition of CEOCH, (M/s)
6.0X1°M 5.2 x 10° - -
9.0x 1M 7.8 x10°

Determine the rate law.

Calculate the value of the specific rate constant

Calculate the initial rate decomposition whenitligal acetone concentration is 1.8 x31M.

How much will the reaction rate increase if ihiéial concentration of CECOCH, is increased from
6.0x16* M to 2.4 x 1 M.

cooe

Initial rate data at 25 °C are listed below far teaction
NH s (@ag) + NQ(agq) — Ny@) + 2HO()

[NH, 1, [NO,*], Initial rate of consumption of nitrite (M/s)
0.24M 0.10 M 7.2x10
0.12M 0.10M 3.6x10
0.12M 0.15M 5.4 x 10

a. What is the rate lawite = kiNH|NO,T)
b. What is the value of the rate constant? 10" v s?
c. What is the initial rate when the initial conaatibns are [NE1=0.39 M and [NQ]=0.052 M?(.1 x 10° M s7)




