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Kinetics Problem Set
S.E. Van Bramer 1/14/96

1.Reaction Rates and Rate laws

For the following reaction:

i:=01.4 NO(g) + O5 (9) -> NO,(g) + O(9)
ms = 10 Seec tNO, = no, = tog = Cos, =
Oms 6.040%5em ° Oms 1040 %em 3
100ms 5 -3 50ms 9 -3
500%Ms 5.040>cm 10041s 84X10">cm
700ms 2440%em 3 2005 7.040%em >
1000>ms s -3 3007s 9 -3
1.710"5cm 4.940cm
9.940 em ° 34400em °
a.Graph each data set.
o NO Kinetics Data O3 = 1.0* 10°14 cm-3
710
6310° |,
5.6-10°
49-10° o
N0 42.10°
~33.5-10°
cm 3
ooo 2.8-10
3 O
2.1-10
3 ]
1.4-10
7 O
710

0
0 60 120 180 240 300 360 420 480 540 600 660 720 780 840 900 960102(08(1140.200

tNoi

ms

O3 Kinetics DataNO = 2.0 1014 cm™-3

1.1-10%
9.9-10
8.8-10
7.7-10

Co3 66.10
?5.5-10
ooo 44410
3.3-10
2.2-10
1.1-10

v

© © VW VW VW O © O ©O

0
0 17.5 35 52.5 70 87.5105122.5140157.5175192.8210227.5245262.280297.5315332.5350

t03i

ms



kinetics.mcd 1/30/2004

b.Graph In[] vs time.

NO Kinetics Data O3 = 1.0*10"14 cm”-3
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c.Determine the average rate for the reaction, between each data point.

j:=0,1..3 @1 ® O
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d.Use your graph to determine the instentaneous reaction rate at 250 ms.
Find the slope from the concentration vs time graph. Your value should be approximately:

NO = 7x108 cm™3 sec!
03 =1.5x1019 cm=3 sec?

e.Given that the reaction is first order in NO and in O3, determine the rate constant using your
calculated rate for each set of data points
If the reaction is first order for NO and O3 the rate equation is:

rate = k*Cno*Co3

For the NO experiment:

Co3 a:= 1040 Hem 3 14
. a8 10 .
KN = O, 1757 10 24
NO. -— _ (; = 3 -1
I aNo. +Cno. 0 Kno = c T eeC
c— 1 " o3 a 1707° 10 7~
e 2 g - ¢ .
@176 10 g
For the O3 experiment:
CNO a:= 2040 e 3 s
- f730 10 9
rateps. ) -
Koz = - _81.818' 0¥ 5
I” eedos + Cos, 00 kos = ¢ UL
cc—L — eag0, 1765" 10 .
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f.Use the In[] vs time graph to determine the rate constant.
Since the In concentration vs time graph is linear the reaction is first order for each of
these. Note that in each experiment the "other" reagent is in large excess. So that for
the first experiment where [O3] = 1.0x1014 and the [NO] is measured with time.
Because O3 is in large excess it's concentration is unchanged (for all practical
purposes). So the reaction is "pseudo” first order in NO under these conditions.
Likewise for O3 in the second experiment.

The pseudo first order rate constant is determined from the slope of the In [] vs time graph.
For the NO kintics experiment:

X=tNO

gNO, O
y. = In% '
| r

gcm g

slope = kCo3 a

ko = S2REXY) kno = 18027 10 “emsec

CO3_a

For the O3 kintics experiment:

slope =kCNO a

14 3 -1

_ -Slope(x,y) kog=1799" 10 " cm sec

CNO a
1 1
k:=—% + =%
5 NO 5 03

kos:

g.What is the overall rate law?

Notice that both experiments give essentially the same rate constant: So that the rate
egation is:

3
- cm

rate = 18010 - 5Cno'Co3
sec

h.Convert the units of the rate constant to moles, liters, and seconds.

k=18" 10 “emdsec *

14 1

- - - Dliter ¢ - -
1.840 >cm3>sec 1>(6.02><1023>mole 1)%;39: 1.084° 107Iitepmole lxsec

e 103>cm3 [}
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2.Given the following kinetics data for the above reaction:

T. = k =
| |

195K 1.0840Mitermole” Ssec -
230K 9 -1 -1

260K 2.95X10 #itermole  “sec
298K 54240 Mitepmole” Seec
369K 9 1 -1

12.0410 %itermole  “>sec
35540 itermole Ssec -

a.Graph this data as In(k) vs 1/T.

Arrhenius Plot
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x=0 y:=0
b.Determine the activation energy and the preexponential factor from the graph.

X=T R = 831450uleK” bmale” *

alitermole L sec 1@
Eq:= - slope(x,y) R Eq=1194" 104mole'1joule

A = ¢ MEPOY) i enmale” Bsec” L 15537 107 litepmole” Dsec T
c.What is the rate constant at 150 K?

T := 150K
Ea

RXT

kg0 == Ase k50 = 1.082° 1% itermole” Deec”
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For the above reaction mechanism with several additional steps as shown below:
NO + O; -> NO, + O,

a.Which species is a catalyst? NO is the catalyst (not consumed by the reaction)
b.Which species is an intermediate? NO, is the intermediate

c.How does this catalyst effect the rate of the reaction shown below. E; = 11.9 kJ for the catalyzed
reaction and E, = 14.0 kJ for the uncatalyzed reaction. Calculate the change in the reaction rate at 200, 250,

and 300 K

0;+0->20,
Catalyzed by NO Ea1:= 11.9>Qos>g'oule>mole- !
If NOT Catalyzed by NO E, 2= 14040 5oulemde

From the Arrhaneas equation

Ea
Rate = A» RA
To find a ratio of the rates:
Ea
Rate; Axe T
Rates - E,
Ase RXT
Simplifies to:
Ea_2' Ea_
ratio = e RA
Solves as:
Ea_2' Ea_:l.
. RXT .
T := 200K ratio = e ratio = 3.536
Ea_2' Ea_
. RXT .
T := 250K ratio =e ratio = 2.747
Ea_2' Ea_:l.
. RXT .
T := 300K ratio =e ratio = 2.321

d.Draw an energy level diagram for this reaction, with and without catalysis. See fiture 15.17 on pate
735 in Kotz for a similar diagram.

e.For the catalytic destruction of O3 by ClI E; = 2.1 kJ, Compare the reaction rate for the uncatalyzed
reaction and the Cl catalyzed reaction at 250 K.

For the same reaction Catalyzed by ClI Ea1:= 2.1>103>1'oule>mole' !

Ea_2' Ea_
. RXT .
T := 250K ratio = e ratio = 306.52





