Lecture 33: Reaction Kinetics

Rate Law, Reaction Orders



Key Equations
Collision Frequency (collisions per
particle per time)
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Helper Equations

Average and relative speed
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Reaction Rate

Consider a chemical reaction:

VAA+vgB — vy Y +rvyZ

Use reaction coordinate £(t) to write mols as function of time:

na(t) =nao — va&(t)
np(t) = npo — ve(t)
ny (t) = ny,o + vyé(t)
nz(t) = nzo+vzE(t)

Take derivatives:
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Reaction Rate

At constant volume V', define molarity [A] = 5+ and substitute d&% = —I/A%:

At Vodt Vot
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a VvVt dt  V dt at ~ V dt
Define reaction rate:
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Example:
2NO(g) + O2(g) — 2NO2(g)
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Empirical Rate Laws

Empirical Data: Used to determine rate law

Mechanisms: Must be consistent with rate law

Empirical Rate Law
VAA+vgB — vy Y +vyZ
rate = v(t) = k[A]"[B]"

k : rate constant

m,n : reaction orders

Overall order = m + n



Units of the Rate Constant

Consider the following rate law:

rate = v(t) = k[A]'[B]/?

Reaction rate is always in units of molarity per second

Solve for k:
k=M12/s
Important for when we move to complex reactions:

o k‘l [HQ} [Br2]1/2
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Method of Initial Rates

Reaction:
2NO2(g) + F2(g) — 2NO2F (g)
General form of rate law:

v(t) = K[NOoJ ™ [Fo]"

v2 _ KINOaJR[EAfT <[N02]2>m
vi KNOoJP[EAT  \[NOs)y
1.36 % 10_3 1.72\™ -
6.12 x 10-4 (1.15) = 2.22 = (1.496)

In(2.22) = mIn(1.496) = m = 1.98

Run [NOgo [F2]o v(to)
1 1.15 1.15 6.12x 1074
2 1.72 115 1.36x 1073
3 1.15 230 1.22x 103
o _ ([Eky"
v [Fa]1
1.22 x 1073 2.30\"
= 1.993 = (2.00)"
6.12 x 104 (1.15) - )

In(1.993) = nIn(2.00) = n = 0.996



Method of Initial Rates

Reaction:

Run [NOQ}O [Fz]g U(t())

1.15 1.15 6.12x 1074

1
General form of rate law: 2 1.72 1.15 1.36 x 1073
3 1.15 230 1.22x10°3

2NO2(g) + F2(g) — 2NO2F (g)

v(t) = k[NOo]™[F2]"

v(t) = k[NO2J*[Fa]!

L v 612x 107 M
~ [NO9J2[Fg]  (1.15M)2(1.15M)

6.12 x 1074 M A
W =4.02 x 10~ 1\/12

v(t) = 4.02 x 107* 15— [NOo]*[F2]!

M2




First order rate law

Consider a reaction:
A —— products

d[A]
t s -
v(t) i
First order rate law:
v(t) = k[A4]
Set equal to eachother:
d[A]
——— =k[A
o [A]
Separate variables and integrate:
d[A]



Integrated First order Rate Law

Simplify:

Equivalent exponential form:




Derivation of Integrated Rate Laws

Zero order Second order
d[A] _ _d[4]
="k v(t) = === = k[4]"
d[A] = —k dt dal _
g = x [fae -

/[A]g A== /0 /[At] A2 dA) = —k [t

(1A — [A]o = —kt] B - :

~Ta] T = —kt
1

4]~ [ i




Summary of Reaction orders

The reaction kinetics formulas you actually need to know

Zero order First order Second order
. : dlA] dlA] _ dlA] _ 2
Differential rate law 0 = k —— = k[A] —— = E[A]
[A]; 1 1
Integrated rate law  [Al; — [Alg = -kt In— = —kt — — —— =kt
: 4l = 4 A AL
_ _ —kt _ [Ao
Solve for [A}t [A]t = —kt+ [A}O [A]t = [A]OG [A]t =




