THEORIES OF REACTION RATES

COLLISION THEORY

« for a reaction to occur, reactants must collide with each other

TO INCREASE the number of collisions per second, thus increasing the rate of
reaction...

1. INCREASE the CONCENTRATION of reactants

2. INCREASE the SURFACE AREA

BEYOND COLLISION THEORY...

-- not every collision results in a reaction

-- to cause a reaction, 2 CRITERIA are necessary...

1. ORIENTATION of reactants -- proper orientation is necessary for reaction.

NO(g) +0, . > NOz(g) + 02(g)

3(g)



2. ACTIVATION ENERGY -- E,
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sufficient collision energy necessary for a successful reaction.

minimum energy to break the bonds in the reactants and to begin forming
bonds in the products.

depends on the kinetic energy of the colliding particles.

recall that the temperature is a measure of the average kinetic energy of the
particles in a substance.

at a given temperature, the number of collisions versus the kinetic energy of
each collision is illustrated by a Maxwell-Boltzmann Distribution, as shown

below.

As the temperature of a sample increases, the fraction of collisions with
sufficient energy to reactincreases.

In the diagram below: T.> T,
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TRANSITION STATE THEORY

?
A+ B —C+ D

REACTANTS —— TRANSITION STATE —— PRODUCTS

K.E. P.E. K.E.

-- Transition State Theory explains what happens when molecules
collide in a reaction.

POTENTIAL ENERGY DIAGRAMS (P.E.D.):

-- charts the change in Potential Energy against the progress of a reaction.

E.(rev) In the P. E. Diagram,

A = reactants

(kdimaol)

B = transition state -- peak of E, barrier

-- the "species" at B is called the
ACTIVATED COMPLEX
(neither reactant nor product)

P.E.

C = bond formation of the products

Reaction Path - 2

D = products

NOTE: We cannot predict the activation energy of a reaction
from its enthalpy change.



Consider the single displacement reaction: A+ BC —> AB+C

A+BC > A—-B—-C > AB+C
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Consider the reaction: CO(g) + NOz(g) - COz(g) + NO(g)

E . (forward)= 134 kJ
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EXERCISE: State the values of Ereac, Eprod, Ea, Erev, AH.
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(kJimal)

P.E.

Consider the reaction: NO(g) + 03(g) - NOz(g) + Oz(g)

AH  =-200 kJ
E. =10 kJ
P.E. (reactants) = 240 kJ

Draw the P.E. Diagram for the reaction.

r 3

For the P.E. Diagram below, label the parts of the reaction.
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Sketch the following potential energy diagrams below; label the axes, reactants, products,
transition state, AH, Es(fwd), and Ea(rev):

(a) a highly exothermic, slow reaction
(b) a highly exothermic, fast reaction

(c) a slightly exothermic, slow reaction
(d) a slightly exothermic, fast reaction
(e) a highly endothermic, slow reaction
(f) a slightly endothermic, slow reaction

How does the enthalpy of the forward reaction compare to the enthalpy of the reverse
reaction?

How does the activation energy of the forward reaction compare to the activation energy of the
reverse reaction in an exothermic reaction?

What is the relationship between the transition state and the activated complex?
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The Periodic Table of the Elements

1 2
H He
Hydrogen o
1.00794 4.003
3 4 5 6 7 8 9 10
Li | Be B C N (0] F Ne
Lo | eyl Boon | cuton | Niugen | oueen | Fuome | eon
6.941 9.012182 10.811 12.0107 | 14.00674 | 15.9994 |18.9984032| 20.1797
11 12 13 14 15 16 17 18
Na | Mg Al Si P S Cl | Ar
Sodtum | Mognesiam Atminom | Sitcon | phoghons | sur | chiomne | Avgon
22989770 | 24.3050 26981538 | 28.0855 |30.973761| 32.066 35.4527 39.948
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca | Sc Ti \4 Cr | Mn | Fe Co | Ni | Cu| Zn | Ga | Ge | As Se Br | Kr
Poassum | Caom | Seandum | Tuamom | Vonadum | Chomium | Marganese | ton ot | ekl | Coper | zZme | Gallom | Gemumiom | Anenc | Seknum | Somne | Kopon
39.0983 40.078 [44.955910| 47.867 50.9415 51.9961 |54.938049 | 55.845 |58.933200| 58.6934 63.546 65.39 69.723 72.61 74.92160 78.96 79.904 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd | In | Sn | Sb | Te 1 Xe
Rubidum | Suonium | Vorum | Ziconum | Niobum | Mlybdenum | Techmetom | Rutheniom | Rhodum | palidum | Siver | Codmum | ndum Tn | Ammory | Tomom | todne | Xenon
85.4678 87.62 88.90585 91.224 92.90638 95.94 (98) 101.07 | 102.90550| 106.42 107.8682 | 112.411 114818 118.710 121.760 127.60 | 126.90447| 131.29
55 56 57 72 73 74 75 76 71 78 79 80 81 82 83 84 85 86
Cs | Ba | La | Hf | Ta | W | Re | Os Ir Pt | Au | Hg | TI | Pb Bi Po | At | Rn
Cotom | Baom | Lanhomm | tefoun | Tawbm | Tugsen | Renum | Owmm | mdum | Plaimm | Gold | Mewry | Thlum | Led | omih | mlonum | Asane | Redon
132.90545 | 137.327 | 138.9055 178.49 180.9479 183.84 186.207 190.23 192.217 195.078 [196.96655 | 200.59 204.3833 207.2 208.98038 (209) (2100 (222)
87 88 89 104 105 106 107 108 109 110 111 112 113 114
Fr | Ra | Ac | Rf | Db | Sg | Bh | Hs | Mt
Frncium | Radum | Actnum | Ruterforium| Dubnium | Sesborgm | Bobrom | Hasim | Metmerim
(223) (226) (227) (261) (262) (263) (262) (265) (266) (269) (272) 277
58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce | Pr [Nd |Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
Cortun[Prseodymium| Neodymium | promettiom | Samarium | Ewcpium | Gadolum | Tetium | Dysposm | olmum | Etbn | Toium | voebum | Lueiom
140.116 | 140.90765 | 144.24 (145) 150.36 151.964 157.25 | 158.92534| 162.50 |164.93032| 167.26 | 168.93421 173.04 174.967
90 91 92 93 94 95 96 97 98 99 100 101 102 103
Th | Pa U | Np|Pu |Am |[Cm | Bk | Cf | Es | Fm | Md | No | Lr
Thorum | Proscinium | Uraiom | Nepmum | Ptonom | Amercun | Corom | Berkelium | Caliomum | Einsiiium | Fermium | Mendelesum | Nobelium | Lawrencun
232.0381 |231.03588 | 238.0289 (237) (244) (243) (247) (247) (251) (252) (257) (258) (259) (262)

1995 TUPAC masses and Approved Names from hip:/fwww.chem,qmyy. 3 UK/ AUpac/ ALY
masses for 107-111 from C&EN, March 13, 1995, p. 35
112 from hup:/fwwew gsi de/z1 12 huml
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