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Section 3: Reaction Rate Laws

Writing Reaction Rate Laws

The word average is important since most chemical reactions slow down as the reactants are consumed and fewer

particles are available to collide.

A rate law expresses the relationship between the rate of a chemical reaction and the concentration of reactants.

A rate law must be determined experimentally.

The reaction A— Bis a one-step reaction.

One-Step Reaction Rate Law

k is a constant.

A] represents the concentration of a reactant;
rate = k[A] [Alrep

The symbol k is the specific rate constant, a numerical value that relates the reaction rate and the concentrations

of reactants ata given temperatu re.

® Kisunique for every reaction.

® K can have a variety of units including L/(mol.s), L?/(mol“.s), and s™'. This unit depends on the reaction

order.

The unit of the rate is concentration/time , consider the concentration is M or mol/L. Complete the table

Rate law

Reaction order

Unit of K

Rate = K[A]°

Rate = K[A]

Rate = K[A]?

Rate = K[A]?

® Kdoes not change with concentration; however, k does change with temperature.

The rate law shows that the reaction rate is

Alarge value of K means that

First-order reaction rate laws

Rate = k|[A] — Rate = k[A]"

proportional to the molar concentration of A.

The reaction order for a reactant defines how the rate is affected by the concentration of that reactant.

Rate = k[H,0,]. The decomposition of H,0, is said to be first order in H,0,. What does it mean?

Allttihad School
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The graph shows a direct relationship between the concentration of H,0, and the rate of

.. . Initial Reaction
the decomposition. Complete this table. Rate v. [H,0,]
n
[=]
[H,0,] (mol/L) Initial reaction rate x 10° (mol/L-S) X
;E 5 059
1.00 5 % 0.400
SE
¢ = 0200
2.00 T
£ 100 2.00 3.00
3.00 [H202] (mol/L)

Get It?
If the reaction order for a reactant is first order, how will the rate of the reaction change if the concentration of the
FEACTANT IS EIPIEA? ...

Other-order reaction rate laws

The overall reaction order of a chemichal reaction is the sum of the orders for the individual reactants.

Many chemical reactions, particularly those that have The General Rate Law
. _ [A] and [B] represent the concentrations of
more than one reactant, are not first-order. rate = k[A]™[B]" S A i e o
are the reaction orders.
If aA + bB — products

If the reaction between A and B occurs in a single step (and with a single activated complex) does m=aand n=b.

However, single—step reactions are not common.

If 2NO(g) + 2H,(g) — Ny(g) + 2H,0(g) rate = k[NO]? [H,]

Is it a single step reaction? ...............ccccooeo.. DECAUSE «..ooeere sttt

The reaction is described as .......cocoeveuee... orderin NO, ...ooveveeeeeean. orderinH,,and .....c.ccoooevveee.e. order overall.

INOTZ TEANS: ...ttt e s s s s sesssass s sassasssasssssseasssassasssasessnssases

[Hol MU@ANS: ... bbb bbbttt ra ettt

If one of the reactants is not part of the rate law expression, changing the concentration of that reactant will have no

effect on the rate of the reaction. The exponent of this type of reactant would be

The rate law for the decomposition of H20, <8kl Jo i ae s (38 8 o
H:O; is expressed by Tl Ksaals
Rate = k[H:0:]’ Rate = k[H:0:]'

How the chemical rate changes if the 3885 LRk 13 el As e AT Cius
H:0: concentration decreases to one- fuduadll Al H70;

half?

A. Increases by one and half el s e Jinas sl A
B. decreases by one-half il Jeas JE B
C. Increase by one-half ivadl) Jonas a3, C
D . No change SASY . D
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Determine Reaction Order
The method of initial rates determines reaction order by comparing the initial rates of a reaction carried out with

varying reactant concentrations.

Consider the general reaction aA+bB— products
0.100 0.100 2.00 x 1073
2 0.200 0.100 4.00 x 103
3 0.200 0.200 16.00 x 103

How can we write the general rate law for this reaction? ...
We need to find the exponents of [A] and [B] by choosing two trials to compare each time.

To find the component of [A] . In which trials we can see [B] remains constant? ...............ccccoovvvveioinnrrcveviiinnnnnccciinsneninninens
Divide the higher by the lower.

Find the exponent.

To find the component of [B] . In which trials we can see [A] remains CONSTANT? ..........ccccooorrrvvviiionnrrvvviiiissnnereiesesssiiie
Divide the higher by the lower.

Find the exponent.

[ Write the rate law now: The overall reaction order is

Practice problems:

Write the rate law for the reaction aA — bB if the reaction is third order in A. [B] is not part of the rate law.

The rate law for the reaction 2NO(g) + O,(g) — 2NO,(g) is first order in O, and third order overall. What is the rate

law for the reaction?

Given the experimental data below, use the method of initial rates to determine the rate law for the reaction

aA + bB — products.
| on i s )
0.100 0.100 2.00 x 1073
2 0.200 0.100 2.00 x 103
3 0.200 0.200 4.00 x 103

Allttihad School Osama Z. Almustafa



22, CHALLENGE The rate law for the reaction CH3; CHO (g) — CHj (g) + CO (g) is given by the following expression:

Rate = k[CH; CHOJ?.

Use this information to fill in the missing experimental data below.

Trial Initial [CH; CHO] (M) Initial Rate (mol/ (L - s))
1 2.00% 1073 2.70 x 107!

2 4.00%x 1073 1.08 x 10710

3 8.00 x 1073

4 6.00 x 1073

5 6.75 x 1071°

6 9.72 % 10710

Given the experimental data below, use
the method of initial rates to determine
the reaction order.

aA + bB - products.

Experimental Data |
Tal | Il [ANA) | iital [B)M) |  Initial Rate (mol{L-s))

Gyl Ayl padiod) colisl A o) i) 48 ey
Ul e A0 0 sl A1y
aA+ bB- g5

A0 G gl | S 8 0| M1 S

3 (mol/(L.s)) (BXAD T [AXM)

! 00 0300 200x10 200 x %0 000 0.100 1

2 0200 0100 200x %077 200 x 0°? 000 0200 2

3 0.200 0200 400x 107 400 x 107 0.200 0200 3
Al ¥
B.2
C.3 |
D.4 4.D




Given the experimental data below, use
the method of initial rates to determine
the reaction order.
aA + bB -» products.

Experimental Data J
i i i s

000 200 %93
2 0.200 0400 200 % 1)
3 0.200 0.200 400!

ﬂlsr.l!;:li;hfnﬂul salidl @'ﬂﬁylﬁﬁ
sJe il A0 A5 )1 asandl A
aA+ b8 5

e
20060077 | OMO 0100 1
200x0? | o0 | 0200 | 2
40007 | 0200 0200 3

Al
B.2
3

D.4

o R e
o 0 m =

The rate law for the decomposition of
H:0; is expressed by
Rate = k[H20,]'

How the chemical rate changes if the
H203 concentration decreases to one-
half?

A. Increases by one and half
B. decreases by one-half

C. Increase by one-half

D . No change

H20, i8S Jolit 45 ju &8 G5 s
-l Ualaaly
Rate = k[H20;]"

3385 Lkadadl 13) Sl AS e A0S wduS
fudaadll ) H202

ciiad g B pa Jamas SaF A
winadl) Jaa Ji, B
il Janas 32, C
S8y . D




Consider the decomposition of hydrogen peroxide ( H202)

For this reaction, the decrease in H,O, concentration over time is shown
in Figure 16.17. The curved line shows how the reaction rate decreases
as the reaction proceeds. The instantaneous rate is the slope of the
straight line tangent to the curve at a specific time. The expression
A[H,0;]/At is one way to express the reaction rate. In other words,
the rate of change in H,0; concentration relates to one specific point
(or instant) on the graph.

You can determine the instantaneous rate for a reaction in another
way if you are given the reactant concentrations at a given temperature
and know the experimentally determined rate law and the specific rate
constant at that temperature.

= Figure 16.17 The instantaneous y S
rate for a specific point in the reaction SHiaige I iHaOc) with Tine
progress can be determined from the 1.00

tangent to the curve that passes through k A[H,0,]
that point. \ Instantaneous rate = ————
0.80 At
= Slope of line = 2X
2 0.60 -
- f A
o Instantaneous rate = —
o N
£' 040 [T+ Ax _ A[H;04]
= Q. Ay~ At
0
0.20 |—e -
: N
Graph Check P —
Identify the variables that are 0
plotted on the y-axis and on the 0 t 2 3 45 6 7 8 910
X-axis, Relative time (s)

Consider, the decomposition of dinitrogen pentoxide (N,Os) into
nitrogen dioxide (NO;) and oxygen (O,), which proceeds as follows.

2N;,05(g) — 4NO;(g) + Oax(g)
The experimentally determined rate law for this reaction is
rate = k[N ZDEI

where k = 1.0 % 1077 s~ L If [N,O:] = 0.350M, the instantaneous
reaction rate would be calculated as

rate = (1.0 X 105 s~1)(0.350 mol/L) = 3.5 x 10~® mol/(L+s)



The following reaction is first order in H2 and second order in NO with a rate constant of
2.90 x 102 (L¥(mol2.s)).
2NO(g) + Hi(g) — N;0(g) + H;0(g)

Calculate the instantaneaus rate when the reactant concentrations are

“[NO] = 0.00200M and [H;] = 0.00400M.

Calculate the instantaneous rate for the reaction between NO and H2

1. [NO] = 0.00500M and [H,] = 0.00200M
2. [NO] = 0.0100M and [H,] = 0.00125M

Challenge Calculate [NO] for the reaction in Example Problem 16.2 if the rate

|8 9.00 x 10=° mol/(L -s) and [H] is 0.00300M.

. In the reaction of hydrogen peroxide, what happens to the instantaneous rate as time passes?

Change In [Hy0;] with Time

1M—

A[H,0,] 4
\ Instantaneous rate:--l‘_‘:_zl-
0.0 At
=
g 060 \
3, TN
=
oM a4
! R
g At B
b1 2 3 4 5 6 7 & 9 10

A. O the rate increases

B. O the rate decreases

Relative time (s}

C. O the rate stays the same

D. _ the rate doubles

Shpeofﬁnl!= Ay

Instantaneous rate =

Ax _ A0y
Ay Ar

Ax

AM,0]
Ar



