Reaction Rates Assignment

1. Astudent was studying the electrolysis of 1 L of aqueous aluminum chloride (AlCly,q) according

to the following equation:
2 AlCl3(oq) 3

®

ZAI(S) + 3C|2(g)
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Using the graph above, calculate the average rate of formation of chlorine gas from 10 s to 20 s.
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Answer:

The average rate of formation of Clyy, between 10 s and 20 s was _ 0, 01Smol /s




2. Study the following hypothetical chemical reaction:
A + 2 BClq — ACyaq + By

The table below shows the consumption of the reactant BC. Complete the table and find the average
rate of formation of the product B, between 5 and 30 seconds in mol/L/s.

3

Time (seconds) | Concentration of BC | Concentration of
(mal/L)
B, (mol/L)

0 40 0 -
5 2.0 1 050

10 2.3 0. %5

o ! 115

20 1.4 ’ .30

25 1.2 : ' 40

20 11 % | 45 “/;E

a) Show the work for one interval.
b) Determine the rate of formation of B, for the interval 5s to 25s.
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A two-step reaction mechanism has been suggested for the following overall reaction:

2.H, @12 NO @ N, @ T 2 HzO{g]
First reaction: H,, +2NO ,—=N,0 @ T HOg
Second reaction: H, @ T NO =N,y + HO

The first step involves a collision between one molecule of hydrogen (H,) and two molecules of
nitrogen monoxide (NO). It has a reaction rate of 3.45 X 1072 mol/(L-s).

The second step involves a collision between another molecule of hydrogen and a molecule of
nitrous oxide (N,0). It occurs at a rate of 0.45 mol/(L-s).

a) What reaction intermediate is formed by this mechanism and what does it become when the
reaction is complete?

The reattion iniermediate is N.Owand it becomes Nyg) #2H,0 cg).

b) Using collision theory, explain why the first elementary reaction has a lower rate than the
second reaction.
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d} In terms of energy, compare the activated complexes formed during each of the steps.
The activated complex of the 1 ceactionAs higher than the 2nd
ceaction becouse it requires a higher activation energyand

+ne BY reaction v ynor® ‘complex. —
e) What will the rate of the overall reaction be in moles per litre-second (mol/(L-s))?
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f) Which of the following energy diagrams best represents this chemical reaction? Circle the
correct answer.

Ao fome \ 5

Potential energy (kJ/mol)

Potential energy (kJ/mal)
P
———
Potential energy (kJ/mol)
N
e

Reaction pragress

Energy diagrams

Reaction progress Reaction progress



A:,

Al Of . f‘-:

4. Express the rate laws for the following reactions and find the units of the rate constant,

Ul

assuming that these are elementary reactions:

; /o
a) Ba,XeO,, + 2H,S0, ., — 2 BaSO, , + 2 H,0 ) + XeO, wa l\ -

Rate = K [1,50,17 units: L /mol.s =K

41{s)

b) IFy + 2F, = TIF, [g]
Rate = K LTF1'LE1Y onits: L3 /mot? + 5 = 1

¢) 2 Aty + 80, + 2H,0y — 2 At + 3 HY o T H50, 4y ,/
Rate = K L SOQT uns /rho\o- S = K

Consider the following elementary reaction:
SiCl, ¢, + 6 NH, (,, = SilNH), (, + 4 NH,CL

After 45 minutes of reacting in a 2.0-L container, the reaction rate is 2.3 X 107* mol/(L-s). The
quantities of silicon tetrachloride (SiCl,) and ammonia (NH,) are then 0.25 mol and 0.40 mol.

a) What is the rate constant of this reaction?
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b) The volume of the container is then increased to 4.0-L. What is the reaction rate in mol/L-s?

C=n r= K [NHJV

C- 0.40mo} = 3.60 Lf’/’n"ﬁ%:‘-ﬁ [O.irr\.ol/i,—j{’
40L

r=3.6x )~ 6 r‘T‘\O\/L‘ S
. = O.Ernb?/L .







