Kinetics

Clicker Questions




Using generic letters (A, B, C), write a
balanced equation for the reaction
represented by the kinetics graph below.

Concentration vs time

time (s)



Using generic letters (A, B, C), write a
balanced equation for the reaction
represented by the kinetics graph below.

1. Since reactants decrease and products increase,
and the reactant decreases at the same rate as
the increase of one of the products. The other
product increases at half the rate.

AN 2A — 2B+ C

time (s)



Which of the following affect reaction rate?
(Select all that apply.)

concentration of reactants

physical state (or phase) of reactants
chemical nature of reactants

form of the reactants: crushed vs chunky
temperature

presence of a catalyst

None of the above affect reaction rate
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Which of the following affect reaction rate?
(Select all that apply.)

concentration of reactants

physical state (or phase) of reactants
chemical nature of reactants

form of the reactants: crushed vs chunky
temperature

presence of a catalyst

None of the above affect reaction rate

All of the factors affect reaction rate, for many
different reasons.
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Use the graph below for A — B to determine
the rate of appearance of B at time = 20 sec.

1.50

1. The rate would be closest to:

2. 005 mOl L'ls'l Concentration vs time

3. 0.01 mol L1st Lo

4. 1.0 mol L1st 3.50

5. 3.4 mol L'1s™ o

6_ 10 mOl L-lS-l 2.00 For reaction:A -->
7.

20 mol L-1s1 1.00

0.501

0.00

0 10 20 30 40
time (s)



Use the graph below for A — B to determine
the rate of appearance of B at time = 20 sec.

The rate would be closest to:
0.05 mol L-1s1

Concentration vs time

0.01 mol L-1s1

1.0 mOI L-ls-l igg / For react ion:A -->

3.4 mol Ls™ o0/

10 mol Lis™ R
20 mol L1s

. This question Is asking about instantaneous
rate, not an average rate.

. You should draw a tangent to the curve at 20
sec and determine the slope of the tangent.
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The reaction 302 — 203 Is proceeding with a
rate of disappearance of Oz equal to -0.60 M/s.
What Is the rate of appearance of O3?

0.60 M/s NoO calculator
. 0.90 M/s
. 0.40 M/s
. 1.20 M/s
. 0.10 M/s

gD wN R



The reaction 302 — 203 Is proceeding with a
rate of disappearance of Oz equal to -0.60 M/s.
What Is the rate of appearance of O3?

. 0.60 M/s
. 0.90 M/s
. 0.40 M/s
. 1.20 M/s
. 0.10 M/s
-0.60 M/s O2 * 203/302 =
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A reaction has the rate law: rate = k [A]? [B]?
What Is the overall order of the reaction?
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A reaction has the rate law: rate = k [A]* [B]?
What Is the overall order of the reaction?

» 4th order
« Simply add the exponents
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What are the units for the rate constant for a

reaction that Is second order overall?
(Select all that apply.)

S-l

. M/s

. L mol?! s

M-2s-1

M-1s-1

. SIM

. L/(mol s)

. L2 mol? s

0O ~NOOUAWNBR
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What are the units for the rate constant for a

reaction that 1s second order overall?

(Select all that apply.)

1. st

2. M/s

3. Lmoltst

4., M=2s1

5. Mist

6. s/M

/. L/(mol s)

8. L2mol?s1

9. The units on rate are: M/time = k[M]?

10. The k must always have a 1/time unit and the
amount of M needed to work with the M from
concentration, thus 1/(M time) 13



The reaction: It + OCI't - [O1 + CIH

IS first order with respect to both reactants.
The rate law constant is 0.061M1s1, What is
the rate of the reaction when [I"1]=0.10M and
[OCI1]=0.20 M?

> 4 x 104 M/s no calculator

. 1.2x10% M/s

. 1.2x103 M/s

. 2.4 x10° M/s

. 6.1 x103 M/s
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The reaction: It + OCIt — Ot + CI

IS first order with respect to both reactants.
The rate law constant is 0.061M'st. What is
the rate of the reaction when [I1]=0.10M and
[OCI1]=0.20 M?

. 2.4 x 104 M/s

. 1.2 x 104 M/s

. 1.2 x 103 M/s

. SImply substitute into the rate law

rate = k [I"}] [OCI]

rate = 0.062M1s1[0.10M][0.20M]

. 2.4 x 10> M/s

. 6.1 X103 M/s "
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The rate law for the reaction: A+ B — C

This reaction Is second order with respect to A

and first order with respect to B. What

happens to the rate when the concentration of
A Is doubled?

1

2
3
A
5

. the rate doubles

. the rate Is halved

. the rate triples

. the rate quadruples

. Impossible to determine
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The rate law for the reaction: A+ B — C

This reaction Is second order with respect to A
and first order with respect to B. What
happens to the rate when the concentration of
A Is doubled?

1. the rate doubles

2. Assuming that the concentration of B is held
constant.
the rate Is halved
the rate triples
the rate quadruples
Impossible to determine

. If you did not make the previous assumption,
this would be the appropriate answer. 17
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The table below provides rate data for the

reaction: 2A + B — C. What is the rate law for

this reaction?

O0s Wb

rate = k[A]?
rate = k[B]?
rate = k|A] |B]
rate = k[A]?[B]J?
rate = k[A]?[B]
rate = k[A] [BJ?

rate

Al | B] | e

1 2.0 1.0 | 0.10
2 2.0 2.0 | 0.40
3 4.0 40 | 1.6
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The table below provides rate data for the
reaction: 2A + B — C. What is the rate law for

this reaction?
rate = k[A]?

rate
Al | [B] |y

—

rate = k[B]?

2.0 1.0 {0.10

N

rate = k[A] [B]

2.0 2.0 [0.40

w

rate = k[A]?[B]?

4.0 40 | 1.6

B

A

A
rate = k[A]?[B]
rate = k[A] [B]?

comparing exp 2 to 1: as B is doub

comparing exp 3 to 2: as B is doub

© 0 NoOTRAWNE

exp 3:

ed (while A held constant)

the rate Is quadrupled, thus second order.

ed, and A Is doubled, the

rate only quadruples, thus A must be having no effect.
The only possible solution for x is O

1.6 = K[4P[4]2

exp 2:

0.40 = K22

19
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The acid catalyzed decomposition of hydrogen
peroxide Is a first order reaction with the rate
constant given below. For an experiment in which
the starting concentration of hydrogen peroxide Is
0.110 M, what is the concentration of H2O2 450

minutes after the reaction begins?
2 HO2 - 2H O+ 02 k=1.33 x10“* min*

00961 M yes, calculator

0.00658 M
0.104 M
0.0156 M
0.117/ M

20



1.

G

The acid catalyzed decomposition of hydrogen peroxide
IS a first order reaction with the rate constant given
below. For an experiment in which the starting
concentration of hydrogen peroxide is 0.110 M, what Is
the concentration of H2O2 450 minutes after the reaction
begins?
2 YtuOnay 2k 2 atc@ator for this Ar@Bexn104 mint

0.0961 M

0.00658 M

0.104 M

0.0156 M

0.117 M

Use the integrated rate law and solve for [H202]:

v/ In[H202]t = -kt + In[H202]o

v/ In[H202]t = -1.33x10*min"1(450 min) + In[0.110M]

21



What Is the rate constant for a first-order
reaction in which the half life i1s 85.0 sec?

0.00814 s

0.0118 st

4.44 s+ yes, calculator
58.9 s1

0.170 s

g~ Wb E
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What Is the rate constant for a first-order

reaction in which the half life i1s 85.0 sec?
1. You may use a calculator for this problem.
2. 0.00814 st
3. Use the first order half-life equation which is
not concentration dependent and solve for k.
. 1, = 0.693/k
0.0118 st
. 4.44 st
58.9 s71
. 0.170 st

OhwWwN N
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What fraction of a reactant remains after

3 half-lives of a first order reaction?
1.
A
A
. 716
. 76

or B WO DN

Y2

Nno calculator

24



What fraction of a reactant remains after
3 half-lives of a first order reaction?

1. ¥

2. Vs

3. Regardless of the amount present, for a
first-order reaction, after one half-life, 14
remains, after a second half-life, ¥4
remains, and after a third half-life, &t
remains.

3. Vs

4. Vi

5. Y

25
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Assume a reaction occurs by the
mechanism given below. What Is the rate
law for the reaction? (Select all that apply.)
A+ BzaC fast

C+B—> D slow

Rate = k [A] [B] [C]
Rate = k [A]?

Rate = k [A] [BJ?
Rate = k [A] [B]
Rate = k [A] [B]/[D]
Rate = k [A]

Rate = k [C]

26
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.a reaction occur he
RIS s
= Sow

Remember, the slow step is the rate determining step. rate = ks[C][B]
But we would prefer not to have intermediates in the rate law.
ANSWER - Rate = k [A] [B]?
Whenever a slow step follows a fast step, the fast step is considered to be
In equilibrium - meaning the reverse reaction occurs in significant quantity
* the rate of the reverse reaction will equal the rate of the forward:
* rater = kiA][B] =k/[C]
* solve for [C] = ki/k]A][B] then substitute back into the rate law for the
slow, rate determining step. rate = k[C][B]
% rate = kki/k[A][B][B]
% all 3 of the k are constants, so they can combine to give a constant
that we can just call k, so rateoveran = k[A][B]?

27



What could cause the change In the kinetic
energy diagram shown? (Select all that apply.)

1 minimum
lenergy needed

. Mminimum
! renergy needed
for reaction, Ea 1 for reaction, Ea

N

Kinetic Energy Kinetic Energy

fraction of molecules
fraction of molecules

decreasing the temperature

Increasing the surface area of the reactants
addition of a catalyst

Increasing the concentration of a reactant
none of the above could cause this change

=Wk
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What could cause the change In the kinetic
nergy dianram shown? (Q.elect all that apply.)

L minimum ' minimum

1
'energy needed 'energy needed
| for reaction, Ea

for reaction, Ea
Kinetic Energy\ Kinetic Ene!rgy \
decreasing the temperature
Increasing the surface area of the reactants
addition of a catalyst
Increasing the concentration of a reactant
none of the above could cause this change
. The presence of a catalyst Is the only factor that actually
changes the Ea.

. What role does temp play?....see next slide

fraction of molecules CD

fraction of molecules

~N OO RsWNE
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What could cause the change in the Kinetic
energy diaaram shown? (Select all that aoplv.)

fraction of molecules

2

e

I minimum L minimum | minimum
Ienergy needed % energy needed lenergy needed
for reaction, Ea 1 for reaction, Ea

| .
 for reaction, Ea

fraction of molecules

fraction of mole

L

Kinetic Energy Kinetic Energy

Kinetic Energy

Increasing temp would cause the line to appear as if it shifts in the
second graph, but it actually does not change the value of Ea. What
happens is that at higher temperatures, the curve to elongates and
flattens resulting in more area under the curve (more molecules) able to
achieve the minimum Ea.

The third graph is overlaid the first graph to show Its effect.

In the second graph, the Ea value is actually smaller as evidenced by
the blue arrow, which is the same length in the second graph to show
the lower Ea

So increasing temperature will increase the number of molecules that
have the minimum activation energy, but not actually change the value
of Ea. 30



All of the following Increase the rate of
reaction involving a solid EXCEPT
adding more of the solid

oL B W PN

. adding more of the solid

. Increasing the concentration of the solid
. Increasing the temperature

. adding a catalyst

. Increasing the surface area of the solid

31



All of the following Increase the rate of
reaction involving a solid EXCEPT
adding more of the solid

g wN R

. adding more of the solid

Increasing the concentration of the solid

. Increasing the temperature
. adding a catalyst
. Increasing the surface area of the solid

32



Which of the following Is true about a catalyst?
(Select all that apply.)

1.
2.
3.

~N o O A

© o

It speeds up the forward reaction

It lowers the activation energy

It provides a completely different mechanism for
the reaction

It can act as an Inhibitor

It speeds up the reverse reaction

Can be homogeneous or heterogeneous

It does not get used up over the course of the
reaction.

It can also be called an enzyme

May cause the formation of intermediates.

33



Which of the following Is true about a catalyst?
(Select all that apply.)

1.
2.
3.

QO8O O

It speeds up the forward reaction

It lowers the activation energy

It provides a completely different mechanism for the

reaction

It can act as an Inhibitor

* | suppose this could be true If an excess amount were
present, and actually began to inhibit the reaction

It speeds up the reverse reaction

Can be homogeneous or heterogeneous

It does not get used up over the course of the reaction.

It can also be called an enzyme

* for a biological reaction

May cause the formation of intermediates.

34



How many steps are involved In the reaction
mechanism for this reaction indicated by the
energy diagram below.

Energy |

Products

Reaction Coordinate



How many steps are involved In the reaction
mechanism for this reaction indicated by the

energy diagram below

1. 2 steps

2. The presence of two
peaks on the graph
that represents the
reaction mechanism
Indicates a two step Reaction Coordinate
process.

Energy 1

Products

36



Addition of a catalyst that speeds the forward
reaction will also speed the reverse reaction.

1. True

2. False

3. can not be
determined  Energy |

Products

Reaction Coordinate

37



Addition of a catalyst that speeds the forward
reaction will also speed the reverse reaction.

1. True
2. False
3. can not be Bl maeese T
determined i
4. Catalysts generally | -ttt sy
provide a completely
different mechanism, Reaciion Lombiiat
lowering the overall
reaction rate.
5. This affects both the
forward and the

reverse.

38



How many reaction intermediates are involved
INn the reaction indicated In the energy diagram

below?

2 g BN =

o B WD Pk

| Energy |

Products

Reaction Coordinate
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How many reaction intermediates are involved
INn the reaction indicated In the energy diagram

below?

1. 1
2. Thetroughin | oo #l
Energy | Reactants

between the two

peaks represents | b 4 4\
the Intermediate. Products

Reaction Coordinate

40



The energy diagram indicates that the second
elementary step Is the rate determining step.

1. True

2. False

3. can not be
determined = "

Reactants 1

Products

Reaction Coordinate

41



The energy diagram indicates that the second
elementary step Is the rate determining step.

1. True
2. False
3. can not be determined B!
4. The rate determining
step would be the step
with the highest
activation energy which
IS the first peak.

Products

Reaction Coordinate

42



The energy diagram indicates that the
reaction Is second order.

1. True

2. False

3. can not be
determined

Energy |

Products

Reaction Coordinate
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The energy diagram indicates that the

reaction 1S second order.

el A o

True
False Energy |
can not be determined

. The order of the Products

reaction can not be i G
determined from the

potential energy

diagram.
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The overall reaction Is
exothermic, A E released = E
exothermic, A E released = B
exothermic, A E released = F
endothermic, A E absorbed = A
endothermic, A E absorbed =B
endothermic, A E absorbed = F

some other energy value not listed above

0w = Gl g e N

can not be determined

Energy |

Products

Reaction Coordinate
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The overall reaction Is
exothermic, A E released = E
exothermic, A E released = B
exothermic, A E released = F
endothermic, A E absorbed = A
endothermic, A E absorbed =B
endothermic, A E absorbed = F

some other energy value not listed above

o8 = Gl g e N

can not be determined

Energy 1|

Products

Reaction Coordinate
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