Chemistry 12 Unit I - Reaction Kinetics

Chemistry 12
Worksheet 1-3 - Reaction Mechanisms

1. Tt is known that compounds called chlergfiuorocarbons (C.F.Cs) (eg. CFClz) will

break up in the presence of ultraviolet radiation, such as found in the upper atmosphere,

forming single chlorine atoms:
CFCl; —» CFCL +

The Cl atoms then react with Ozone (O3) as outlined in the following mechanism.

Step 1 €L + 05 > ClO'+ 0

Step 2: gl@’"‘+ 0o > é’f + O, (single "O" atoms occur naturally in the atmosphere,)
a) Write the equation for the overall reaction. (Using steps 1 and 2)

. ) - N
O 0O, — 2
P

e

Z
b) What is the cazalyst in this reaction? €l

0
¢) Identify an intermediate in this reaction Ciy

d) Explain how a small amount of chlorofluorocarbons can destroy a large amount of

ozone. _ f‘wgg % { ON S A€ {f{
~ S0eedly QAlun,, Do paniizy. fwmﬁf’g
Py ' AT foine
% &) What breaks the bond in the CFClz and releases the free Cl atom? :
e~ gj‘ — = alhrad. é«&w;% { A E % %”"; Wﬂféw
5: ' 52. Given the following mechanism, answer the questions below:
| Step 1: O; + NO 2 NO; + O; (slow)
Step 2: NO; + O > NO + 0, (fast)
a) Give the equation for the overall reaction.
NO+ (0L 4+ (O M%) p,
3 :
b) What could the catalyst be in this mechanism? N M%
c) What is an intermediate in this mechanism? ;’" ¥ ij =
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Chemistry 12 Unit 1 - Reaction Kinetics

d) Given that the uncatalyzed overall reaction is a slow exothermic reaction, draw a
potential energy graph which shows the possible shape of the curve for the
uncatalyzed  reaction. On the same graph show a possible curve for the catalyzed

reaction.
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Progress of Reaction
3. Consider the following mechanism:
Step . Hz0; + I - H;0 + 10~ (slow)
Step 2:  Hy0» + {WO" 2> H,0 + 03 + I (fast)

a) Give the equation for the overall reaction.

A I 2 L 5 Lo () ~+ b
[amans
e ettt
b) What acts as a cafalyst in this mechanism? _ i
¢) What acts as an infermediate in this mechanism? AL

4. What is meant by the rafe determining Step m a reaction mechanism?

S Leno S {“ _ Needn pt gifmwmﬂ %ré“m?* Pe

5. What is meant by a reaction mechanism? E"L?Lw (A, %T. vy <>» i "&C{ﬂ d;;’ %
e ;% (}i ; O g«i.,.;;{ “é“gvadé N ”?’ f lﬁ%@g/ ‘g
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Chemistry 12 Unit 1 - Reaction Kinetics

6. How are reaction mechanisms determined? f*,{i%j }5 \ Hi—-%iﬁ? Y {.»Wig < gf' Nl

{/Z%fﬁf“ { fv’ig{tﬁ }g{_ éfﬁ 3”‘«{* 'S f&{éw E . j«»& iy ;ezg,{/g gg‘é,a;%ig,,wf?ﬁ ﬁgw&
L ST oy orded

7. Given the following Potential Energy Diagram for a 3 step reaction, answer the questions
k"/ﬂ LA v (&é”{?ﬁi ’/Y“’LEP”Z

b) Which arrow indicates the activation energy for the first step of the forward reaction?
¢) Which arrow indicates the activation energy for the second step of the forward reac’aon"

=

d) Which arrow indicates the enthalpy change (AH) or "enthalpy change"” for the overall
forward reaction? ’ﬁ: k.@

¢) Which arrow indicates the enthalpy change (AH) or "enthalpy change" for the overall
reverse reaction? ‘?? iJf
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Chemistry 12 Unit I - Reaction Kinetics

f) Which arrow indicates the activation energy for the overall forward reaction?
g) Which step would be the rafe determining step in the forward reaction? tﬁ*ﬁf’ iijk,} 2.

h) Ina dashed line or another colour sketch a possible curve that would represent the route
for the uncatalyzed overall reaction. Label this on the graph. S ¢ 1 D

8. Given the reaction:
4HBr + Oy 2> ZH,0 + 2Br;

a) Would you expect this reaction to take place in a single step? K G,

Why or why not? M&ési { &%éw{(, éiﬂ‘i%f ﬁﬁav@?{i&ﬁiﬁ”} {0 e @mf%féﬂ
%‘?@“‘}” 1 +ime ﬁ 3
b) This reaction is thought to take place by means of ﬁ;{y following mechamism:
Step 1. HBr + O > HOOBr (slow)
Step 2: HBr + HOOBr > 2HOBr (fast)

Step 3: 2HBr + 2HOBr 2> 2H0 + 2Bry (fast)

F oot ¥ — 3 { o Jﬂ‘} p—
c) Identify the two intermediates Hoob, ; O 5
d) A catalyst is discovered which increases the rate of Step 3. How will this affect the rate
of the overall reaction? ) b ;, g\g‘* ’.é {0 ( gWEsiziéA{ E

Explain your answer. ot fJo T “}/}W”ﬁ i, {3 f} ué“ﬁw W}{*{*’pi

e) A catalyst is discovered which increases the rate of Step . How will this affect the rate

of the overall reaction? L C A e AR
“ ' o ] e ™ Loy E g
Explain your answer. ) Jw»ﬁ““iigf o LA {1 5 Lovd = “’@”ﬁi}g} :
f) Which step has the greatest activation energy? <} ”‘g'{}{f} l
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Unit 1 - Reaction Kinetics

Chemistry 12

g) How many "bumps" will the potential energy diagram for the reaction mechanism have?

h) Which step is called the rate determining step in this mechanism?

i) In order to have successful collisions, the colliding particles must have both the proper

Gl N,
e =

amount of energy and the proper

i} Onthe set of axes below, draw the shape of the curve you might expect for the reaction
in this question. The overall reaction is exothermic! Make sure you get the "bumps” the

correct relative sizes.

Potential
Energy
N
)% p j/\
e \W«/mx

Progress of Reaction

The equation for an everall reaction is:

-+ oct =>(10-'+
A

9.

a) The following is a proposed mechanism for this reaction. One ;\‘E\Qe species has been left
out. Determine what that species is and write it in the box. Make sure the charge is

correct if it has one! e e
Step 1:  OCF + HsO0 > (HOCL + [ QFF |(fast)
o ] ';‘“;WG“M yl"»\« / 5@

Step2: I + éOCI > @ + CI- (slow)
5 HO (fast)
.

e,

Step 3: (IO o (/QHJ >

b) Which species in the mechanism above acts as @ catalyst?”

Ho )

¢) Which three species in the mechanism above are infermediates? %“’é’“{m .

2,, is the rate determining step.

d) Step

Ot + +
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Chemistry 12 Unit 1 - Reaction Kinetics

e) Onthe set of axes below, draw the shape of the curve you might expect for the
reaction in this question. The overall reaction is gndothermic! Make sure you get the

"bumps" the correct relative sizes.

Potential
Energy o~

Progress of Reaction

10.  Given the following steps for a mechanism:
Step 1: Bry > 2BF  (fasp
Step 2: /B’i-'/:F oCt; > BrOCI +_€1”  (slow)
Step 3: /B’f/ "‘/foé BrCl  (fasy

a) Write the equation for the overall reaction.

5y = O] , == (50l SINS

b) A substance is added that decreases the activation energy for step 1. Will this speed

up, slow down, or have no effect on the rate of the overall reaction?

B

S——

Give a reason for your answer. Ne v E”‘zﬁyﬂéwﬂwﬂa Mi% g‘z@.&j %1%@ -
c) Is there a catalyst in this mechanism? INGOTf so, what is it?
{1
0o
d) Is there an intermediate in this mechanism? {2 { | If so, what is it?
D

e) Which step is the rate determining step? ¢
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11.  The following potential energy diagram refers to a very slow one-step reaction of ozone
(O3) and oxygen atorms i the upper atmosphere.
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Progress of Reaction

On the axis below, draw a potential energy diagram which could represent the catalyzed
mechanism for the reaction:

Step 1: O3 + NO > NO; + 03 (slow)

Step2: NO; + 0 3 NO + 0 (fast)
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Progress of Reaction
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12, A certain chemical can provide a reaction with an alternate mechanism having a greater
activation energy. What will happen to the rate of the reaction when this chemical is added?

Explain your answer. Kﬁ&mf?g e - L& ﬁ%} Lorpecl b '{ &ws”f ‘{Zﬁ%{ Eg

%‘%z%“’i (‘m}ﬁ, D pg H’g e A {T’M,{, st iw v, (5F Staes
13, The following overall reaction is  fast at room tempeiai:ﬁre ‘w} '

H* + I + Hy0; > H,0 + HOI
‘A student proposes the following two-step mechanism for the above reaction:

Step 1 : H+ + _ﬂﬁ*".{. H202 > H4‘022+
Step 2 - 1{49% + I > H,0 + HOI + B+

Would you agree or disagree with this proposed mechanism? ﬁi} 3

Explain your answer ﬁwﬂi«f Cirk iﬁ\,ﬁgwf é g Qéaw( v €y A Hi0ét

du Enav el me Ol §ern i f'wm é.}-i;st’f;z} &,ﬁﬁz”?g {sé»f-} 4o Ul 2 .

14.  Consider the following reaction:
co + N02 > C02 + NO
a) The first step in each of two proposed reaction mechanisms for the above reaction is listed
below. If each proposed reaction mechanism consists of only two steps, determine the
second step for each mechanism .

Proposed Mgchamgp One:

e & e

Step 1: & </ 2NQ> > NO; + NO (slow)

Step 2: S meg o« L6 (gt AUs (fast)
O TN s o, o MO

Proposed Mechanism Two:

Step 1: 2NO; > N30y (fast)

Step 2: f\,, S g HLO —F MY Oy (slow)

-+ BV Log i fw i»j
b) Expenmental data show that the rate of the reactzon 1s not affected by a change in the

[CO]. Which of these two mechanisms would be consistent with these data?
C AV e ( b

- % e % o . e Y - e -
Explain your answer. A Wl < *E%L«g"‘} ; Lot
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