UNIT7-DAY5-LaB1230pm

Thursday, March 28, 2013
8:06 AM

Thinking Like a
Chemist About
Kinetics Il

UNIT7 DAY5

What are we going to learn today?

Investigating Integrated Rate Law
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IMPORTANT INFORMATION

HW9 due Tue 9 AM

LM ag . QuesKion aas Kiled

Quiz: Clicker Question 1

N\
The rate constant for a mystery reaction is 4.5 X 10 M s1) By
what order does this reaction proceed?

Ghoer Rt (W)= k TRVTEY

b) 15t order
c) 2" order j\
d) 3" order M

_

S  Sowme aa e

Kinetics — Review from Last time A‘K-&& Qx\{
B MNedivm

Imagine the following reaction occurring in clhonke  vs sdfim
one elementary step: rs coushad
CH;Br + OH- CH,0H + Br S SN T
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Integrated rate laws
(the concentration as a function of time) A&'\

=
We need a situation in which either )),a, {t:;:-\‘\’@

e

1. The rate law depends on only one reactant _\xﬁé‘

Jo

Integrated Rate Law W

First order. QQ)) \/N\

The rate of the reaction is directly proportional
to the concentration of one of reactant

For a generic reaction let’ s call that reactant “A”

Integrated Rate Law

Y - X x b
Py K1 = -k + LnfAL,

First order.

Integrated Rate Law
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W\ ot ebde o ac\it\ﬁ‘@ \‘%\K«iﬁi ody

TABLE 15.6 Summary of the Kinetics for Reactions of the Type A —— Products That Are
Zero, First, or Second Order in [A]
Order
Zero First Second
Rate law Rate = k Rate = k[A] Rate = k[A)*
Iitgrated et law (Al ==k 4 Al Al =—Ft + Al ok e
[A] (Al
Plot needed to give 1
a‘staight line |A] versus ¢ InfA] versus ¢ A7 versus ¢
Relationship of
rate constant to - — =
the Slope of Slope = —k Slope k Slope = k
straight line
: A 0.693 1
Half-life hp= I?P hn= & hn = rAln

Poll: Clicker Question 2

Refer to Activity Q1. What is the concentration of N,O after
100 ms?

a)0.34 M

b) 0.24 M

(c)0.14 M

d) I have not mastered this skill and cannot get the answer
without help.

Poll: Clicker Question 3

Refer to Activity Q2: The value of the k could be determined:

a)By using this data in the rate law equation applying the
method of initial rates and solving for k

b) By taking the natural log of all the values and then taking
the difference between natural log and concentration at time,
t

c) By determining the slope of the line from a plot of In[N,O«]
versus time.

d) By determining the slope of the line from a plot of In[N,05]
versus time. The value of k wonir batba eprasiie Phibe




a)By using this data in the rate law equation applying the
method of initial rates and solving for k

b) By taking the natural log of all the values and then taking
the difference between natural log and concentration at time,
t

c) By determining the slope of the line from a plot of In[N,0x]
versus time.
d) By determining the slope of the line from a plot of In[N,Ox]
versus time. The value of k would be the opposite of the
slope. — ~ gkt

Poll: Clicker Question 4

Refer to Activity Q3: How long will it take A to decrease to 1%
of starting amount?

a)0 seconds

b)) 5 seconds
¢) 100 seconds
d) I have not mastered this skill enough to figure out how to
work this problem.

Poll: Clicker Question 5

Refer to Activity Q4: How many years will it take the isotope
to drop to 30% of original amounts?

a)24, 000 yrs

) 36,200 yrs
('a 1,660 yrs
43,580 yrs

e) 48,000 yrs

Poll: Clicker Question 6

Refer to Activity Q5: How much time passes to reduce starting
concentration to 20% of original amount?

a)41 seconds

b) 82 seconds

c) 160 seconds

d) 202 seconds UNIT7-DAY5-LaB1230pm Page 5
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FOIL. CHCKRET LJestion o

Refer to Activity Q5: How much time passes to reduce starting
concentration to 20% of original amount?

a)41 seconds

b) 82 seconds \ DD W\ < M
& 160 seconds
d))202 seconds

e) I have not mastered this skill enough to solve this problem.

CO(g) + H20(g) ~— CO2(g) + H2(g)

The rate law for this reaction is
rate = k[H20][CO]

O\Kt‘a\\ i QFA
dA—

Poll: Clicker Question 7 -4
Yo o
CO(g) + H20(g) = CO2(g) + H2(9) 5
6@:\— &
rate = k[H20][CO] S da
[CO],=0.01M -7 95‘"’“
[H,0],= 0.01M & 0»9-«\

_alesl . _

Ol - oA

A. ltis not 1%t order in [CO]
B Both [CO] and [H,0] are changing
C.Itis 2" order in [CO]

bD.The [CO] is changing at a different rate than H,0
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Poll: Clicker Question 7 41—

-6

CO(g) + H20(g) = CO2(g) + Hz(g) 5

-104

rate = k[H20][CO] g 2.

= 14

[CO], = 0.01M 164

[H,0],= 2.00M 18-
—200.0 0t1 0{2 0t3 014 0{5 0.6

time

Why is the plot of In[CO] now a steep straight line?

B [H,0] is nearly constant
B.[H,0] is changing faster than [CO] @ \ S M <a

C.The reaction is 2" order in [CO]
D. The reactionis 0 order in [CO]

Poll: Clicker Question 8 CO(g) + H20(g) = CO2(g) + Hz2(g)

For the initial conditions of

[CO], = 0.01M A
[H,0],= 2.00M Lien '\%@ %

What is the concentration of [H,0] at very long times (when
the reaction has “gone to completion”)

O 1.99M §w~°9‘Q

D. In(.01) M
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CO(g) + H20(g) <~ CO2(g) + Hz(g)

What if we started with a whole lot of H.0O
compared to CO?

the [H20] ~ constant (since there is so much Of%

Now we can combine the [H20] with k

CO(g) + H20(9)

CO2(g) + H2(9)

rate = k[H20][CO] = k’ [CO]

we now say the reaction is o

pseudo-first order in CO 10
124
14

In[CO]

Determine k’ from a plot of
In[CO] vs time

Determine k from k’ since we
know the [H20]
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Learning Outcomes

Apply integrated rate equations to solve for the concentration of chemical
species during reaction of different orders.

Apply the concept of half life to kinetics problems

Understand and interpret pseudo first order kinetics data

UNIT7-DAY5-LaB1230pm Page 9



