Characterization of the Rate Properties of an
lodide Oxidation Reaction

_—
Experiment 12 Rate Properties of a@kidation Reaction
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Reaction Rates

Rate: Change in concentration of a
reactant or product per unit time

Kinetics: Study of reaction rates

For A® B: Rate:-l—':‘ :+@

For A® 2B: Rate:-[_tA] :+%[_'t3]
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Reaction Progress per Time




Kinetics

lodide oxidation by peroxodisulfate (PODS):
S0, +21" %% 1, + 250,”

How fast do products form (reactants disappear)?

ratee 2l - [SOF1 _ 18071 _ ]
t 2 Dt t 2 Dt
_ / _ /
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Product appearance (+) Reactant disappearance (-)
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Factors Affecting Rate
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Concentration Dependence

rate= k[ A|"[B]"
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Concentration Dependence

1. Reaction order with respect to reactamts; n

explicit dependence on concentration
exponent determined by experiment
microscopic mechanism

82082' +21 3/4§9 |2 + 28042-
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Arrhenius equation

Ea

k= Ae R

rate constant
activation energy
absolute temperature
universal gas constant
orientation factor

>0 4 m=x

Energy & orientation requirements
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Energy Requirements

2. Activation energyi-,
Required energy: Reactaris Transition state
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Potential enerqy diagrams

Exothermic Endothermic
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Temperature

Increase T = Increase available energy
- collision frequency and collision energy

Ea

k= AeRT




3. Pre-exponential factof,

“Frequency factor”
Collision effectiveness / orientation requirements
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k= Ae RT ®

gaw

Orientation effects
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Here

For: S,0,” +21I" %¥P® 1,+ 2S0,”

You will E@ L
find: Rate :Ae RT [Szogz]m]:l ]n
= (kS0 [1°]"
Recall:
Rate = +—[I 2] =
- t k= AeRT

lodine Clock

For rate: monitor,lappearance:
S,0,” +21" %P |1,|+ 2S0,”

Starch sensitive tol

|, +starch3,%3®

|, >starchn

S,042- delays color bybservable quantifiabl@mount:

|, + 25,0, %940

21"+ S,0.”

Known amount $0,2- consumes known amount |




lodine Clock

S,0.7 +21° #® |,+ 250,”
b

+ 2 S0O;% C
+ starch
a.l, formed
b.2 S0O;% recycle 1}
c. blue when [§0,2]1=0

| ystarch

Concentration Profiles

LB |
|
|
|
L # S (
|
|
|
|
|
I

B U
_ @

\I
I | | n

A




Rate
S,0,° +21" %% 1,+ 2S0,”

,+ 25,0, %9 21+ S,0,”

DIS,05%Tused = [S:05%Tsinal = [S:037Tinit = =[SO Tinit

1 mol I, made / recycled = % mol 842 consumed

W 2] recycled = uszo32-] used — Y2 [52032-]init

Rate

SO,  +21" %R 1, + 250,

Using: Dll,] = % [S05% ] In Dt

Rate= Dol _ 2DIS05] _ 1 DIS,0]
blue Dt piue 2 Dty

[I,] amountrecycled =% amoun}&?- used
Dt  time until blue
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Overview

la) Reaction order m, g
Vary [S,042] at constant [land T

1b) Reaction order n; |
Vary [I-] at constant [§Dg] and T

2)  Contributions to k: Eand A
Vary T at constant [®g%] and [I]

Rate=

[S,05" L _ DIl ]
2 t

Part 1a / 0
@1 - 5207 T
Rate = k[S.O 2 | 1" = [ 23 linitial
[S,0,7 101 ] -
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m: First Order in $052?

Rate = k[SZOSZ' ]@m ] n Takelog each side

log Rate = log (k[SO.> 11" !8! ?!8*!

<y =@ x X O/‘+b

%! I . ,

Reaction order , m

Rate = k[SZOBZ']®[| ]
log Rate = (M ¥og [S,0,”] +log (k[1']")

y = @?(X + b
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Reaction order , m

'/ 0 1/ 0
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Reaction order , n

Rate = K[S,0,” 1™l ]@ Take log each side

log Rate = log (k [S,0,”]1™[I 'I?) : 8*!8? :

log Rate= @) xog [ '] + log (K[S,0; 1™)

Qz@xx)+b

%! I . , 1/ 0

Finding Reaction order , n

Rate = k[S,0,71™[ "®

log Rate =(n)¥og [I '] +log (K[S,0,°1™)
y = @x X + b
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Reaction order , n
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Part 2 Temperature dependenke (

Find k at room temperature (each run)

/ Rate= [82032-]initial
2t

K = Rate
[S,0,7 1™ ']"

Calculate averagleands,
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Part 2 Determining Eand A

-
.o - ‘Ea ’l

Rate =/Ae RT[S,0,7]™[I ']

k _ Rate
= 8,017 ]

= 1(T)

Measure rate for constant concentrations (Pantuibg2)
T =0°C, room T, 35°C, 45°C
Calculatek

k = Ae- RT Take In
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A and E

< -= <= . > I/ 0
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Put it all together

1. Orders of reaction: m, n
2. Activation energy: E
3. Pre-exponential factor: A

€&
Rate=(Ae %[82082']@[| ™

a
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Report

Abstract
Experiments and analysis performed
Summary of results
Data including
Tables (concentrations, times, temperatures, ratgs,
Graphs parts 1 and 2
Results including
Arrhenius equation
Orders of reaction, A, and,E
Sample calculations including
Rate, log (rate), [5?], 1og[S,04?] and rate, log (rate), ]| log[l]
Slope determinations (parts 1a andlb)
Individual k’s, average k, ars),
k's at temperatures, 1/T, slope of graph, A (part 2)
Discussion/review questions
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