Chemistry 12

Unit I - Kinetics
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Chemistry 11 Review

I) Mass to Moles
You have 16.7g of NaOH; convert it to moles NaOH.
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II) Moles to Mass
You have 0.756 moles of HCN; what mass of HCN is present?
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III) Stoichiometry:
2Liis) + CuSOsaq) = Li2SO4aq) + Cuys)

What mass of Cu metal is produced if 14.5g of Li metal reacts with an
excess of CuSOx4(aq)?
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A951gnment 1: Stoichiometry Exercises |
1. Na2SO1aq + BaClzag = 2NaClag + BaSOss)
a) How many grams of NaCl would be produced from 80.0g of
BaCl: ?

B0.04 Bacl,|lmel Bally |2 m!Nal|585 gNaCl
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b) How many grams of BaClz would be required to produce 65. 5g of
NaCl?
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2. When iron reacts with copper II chloride, solid copper and iron III
chloride are formed. What mass of copper is produced if 0.594 moles of

Fe react? 2Fe + 3Cu €L, -—"""3&& +2Fe C€3

0.594 Fe |3 mel Cu | 6354 Cuc
[2Z molFel ] mol Coe ~ 55 éj
IV) Molarity

Molarity M)= M0 | _  mo| M - mal
V L " L/

Triangle form: What is molarity a measure of?
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What do square brackets m(-in? i.e.[NOs] = W«zﬁm of nitvate ”
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Assignment 2: Molarity Exercises
1. What is the molarity of a solution made by dissolving 2.45mol of
potassium nitrate in 1.50L of solution?

el 7.4G ) Sy A
M = / Srar—er / 63 M K/\/O{

2. How many moles of NaCl must be dissolved in 400.0mL of solution in
order to make a 0.25M solution? S

MO’: MV:(OZs M)(O‘-.LDOOL.> [—iOMo//\/‘*L

3. What is the volume if 0.555mol of MgS makes a 2.00M solution?

o | _0-555 mol I
= — = : = L |
V= = pessne | 0.238 L = 278 mL
4. Find [NaOH] when 0.32mol NaOH is dissolved in 5.00 x 10?> mL of
solution?

fraoiTe B2 - 42 (ot ]

0.500 L.
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V) Dilution

When diluting, most of the time you are simply adding more water to a
solution. In this context, the moles of solute are not affected. That said,
the final volume will /NMNCREAS E  (relative to the initial volume) and
the final concentration (molarity) will_DecREASE _ (relative to the
initial molarity).

MiVi= MtV where ‘i’ is initial and ‘f is final £& o

N . Ve =
Assignment 3: Dilution Exercises cVe = MV,
1. If 350mL of water is added to 100.0 mL of a 0.60M solution of HCl, what
would be the final [HCI]?

—
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2. How much water must be added to 100.0 mL of a 0.50M KCl solution in
order to dilute it to a 0.30M solution? *€areful with SigFigs!

Ve = Mivs _ (0som)(e1o0l) g pppg )
\c s (020 M) - i

Vo=V -V, leb6ed - 01000 L
3. If 40.0mL of 0.80M HBr is diluted to a total volume of 100 OmL what is
the concentration of the final solution?
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4. What volume of water must be added to 300.0 mL of 0.700M NaOH in
order to dilute it to 0.200M?
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KINETICS

Rate Calculations

Rate: change in a specific quantity over aunit 71 ME _, or written
mathematically: rate= A quantity

ATimME
The quantity canbe _ma.ss, volwme /eas ), ¢oncuntration, pressuce,
I’H p OH Tmﬁf(“fﬂrl&"’e_ ol ,,u' indtneg it 2 et e
Dependlng on how Iong a partlcular reaction takes, time units could be:
§ MIr’\‘ n_, ms, ete... . '
Therefore p0351b1e rate units are: _ % . il L"'“ b : £ , 44'“ o‘*‘ é%’j
tte ...

Rate may be measured in two different themes: the consumption of a
ReAcTanvT _orproduction of a_PRedve ™ , using any of the above
quantities.

How can we monitor the rate of the following reaction in the laboratory?
Mg + 2HClag = MgClaag + Hag + energy

Before we begin...NOTE: (Lo seD reaction systems do NOT lose mass
(Law of Conservation of Mass); Open reaction systems do lose mass if

G A< isproduced. Do NOT ever consider utilizing an open system if at
least one of the reactants is a gas!

OK, back to the original question: Possible rate equations to monitor the
_above reaction include:

mlﬁ ass of system Amass Mg é\{oiw_”?_, A[-_!-;BQQ&' A .AP_Pr
,— tJ ! S , S ) S / - S , o ) S

£
Caa 51
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As a class, discuss text p.5 #7, 8, 9a




If we choose to calculate our rate by observing the mass loss of Mg
(consumption of a reactant) per unit time, then draw a graph of Mg loss vs.
time. If we also then choose to calculate rate by observing the increase in
the [MgClz], then graph the concentration increase of magnesium chloride
(production of a product) vs. time.

A A

Mass [MgCl2]
of Mg

(8

T—
-,_____‘___-:- ~

.
—id |

Time (s) time (s)

v

Comparing only the time-zero point and the time-completion point, write
the units for the slope of each of the previous two graphs.
Recall: Slope = rise/run = Ay/Ax. - .
) A rasg Ma - A L_f'ﬂq&yrl
Gragh ©) e Graph 1) e
Compare with your rate equations on the last page.
Conclusion? /

Kate and S/aloo wils are The sawme

Note: An_AVeRAGE rate refers to the rate of a reaction between
two different times (ie. the slope of the line joining any two points on the
graph). The _(V ERAL L _ rate = the average rate from time-zero to
time-completion.

An __/ NETAWTH EQUS rate refers to the rate of a reaction at one
discrete point on a curve. It can be calculated by finding the slope of the
tangent line to that particular point on the curve (requires Calculus skills).




What do you notice about the magnitude (ie. absolute value) of the slope as
your reaction proceeds?

Mass
of Mg

(8)

[MgCl2] A/

v

Time (s) time (s)

Answer: The magnitude of the slope _DecrensE<
(applies to both average and instantaneous slopes).

Answer the following:
1. What happens to the [reactants] as the reaction proceeds?

DeECREASE
2. What effect would this have on the reaction rate?
DecRefsE
Draw a graph of rate vs. time for a reaction such as the one above.

A

rate

/
v

AS A REACTION PROCEEDS, THE RATE IS ALWAYS _ DECREAS | NE

Assignment 4:
Complete exercises #1-5 on p. 2 of Hebden
Complete exercise #17 on p. 10 and #19 on p. 11 of Hebden



Assignment 5: Rate Calculation Problems

1 Time (s) | Mass of Pb (g)
0 65
15 52
30 41
45 32
60 25

* SigFigs and TIME when data given in a table: Find the number with the most amount
of sigfigs in your particular calculation and that will be your amount of sigfigs for time.

The above is data for a reaction in which Pb is a reactant.

ot tout -
a) Calculate the overall rate of the reaction. ﬁ“"‘{f "F o 7/ o reac
A mass b5 - 25 4 40 q ‘
= = = —= 5 o= r“b f Ph u«cJ/
A+ me O~ 6o s -60s 06?? U_é_?ﬁ_

b) Calculate the rate from 0- 30s and from 30-60s.

30< T~ 30e 30— 60s "Bo

c) Explain why the 30-60s rate is lower than the 0 305 rate.
Later in rxn ; Jess reactauts. /m/ state fhat: as a

J
7 xn f{uce'.ep’q raq‘c s ;L.('w'a,?g y(,tc-rt'.ag}rt3>

) If 24.3¢g of HCI are used up after reacting with Zn for 12 minutes, what is
the rate of the reaction?

0, . Amass 2434 H
Gl = B ™ 12 men

5 E

3) When CaCOs reacts with HCI, COx) is produced. If we have an open
system, and the mass of the system decreases by 12.3 g in 55 seconds,
what is the rate of this reaction? You may not use mass of the system as
a quantity in your answer! N

,23 j OO.Z ’ f;'rOd(AACéd_— - ko , ZZJ C«Oz F/o;‘r{.ucfa" \
55's [~
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4) A 5.0g sample of Mg reacts completely with HCI in 120s. What is the
average rate of this reaction?

2y, J_“’
(2z0s u 0t jMJ uf_’f /C
5) How long will it take (in seconds) for 45.0g of Mg to react with HCl, if

the average rate of the reaction is 2.30g Mg/min? Rk A mass
M l ‘ - A J'—JO'«'LR-
g 0
2_'30 3 - < 005?333\3 MJ A—HMJ@_ - {Q_’f‘ﬂ“g
M \ b0¢ S rode
= 4s5.04

6) Electrolysis of H20 will produce H: gas at an average rate of 0.038333
28.5mL/min. What volume of Hz can be produced in 6.0 min? [‘m ¥

2% '>mL.

| 6.0 min —.l .3 x 10 ij

e ——

7) Given the reaction: Hzg + Clag = 2HCl)

a) If 2.32g of HCl are produced in 4.0 min, what is the rate of reaction in
mol HCl/second?

2.324 HZ| ) mol HU [ | min ¢ .
. -y /

.0 wmin 13654 R | 60s \2{,»( 0 ol H_(je_/}]

b) If Hz is used up at a rate of 30.0 mol/s, at what rate is HCI produced in

g/min? 39,0 mol Hy | LO < |Z mol | 2.5 V2 s u,.7
37:0 wel My L60s [Zee N ISP )31 155 g/ |
s Tlwnllut Hy, |lwe) HQE 37 kil

8) CsHizg + 802 = 5CO2g + 6H20()

If 17.6g of CsHi2 is burned in one second, calculate the rate of the reaction
in moles of H20 per second.

9.6 y Cs Hn_‘ | wol Cs 4z ( em_ol H, 0 i‘t—- T
Nl 5 =\ /LF wmo | H.‘,O
s 12.04 Cst [l wal CsHy | 1 /S‘J




Collision Theory

In a chemical reaction, what must occur in order for reactants to form

ro ? A ;
P ducts rL-/r;"i Aawch Davtic les mMu ¢t ColLLIDE 1n a sugccssvév( Manndr
g <> peactunt bovdc brecad

. order o fovm products,
Molecules are always moving - they always possess kinetic energy
(KE)(unless the temperature = -Z7%°C AgsoLvre 7ek0 ). KE is the
energy of ‘movement’” and includes translational, rotational, and vibrating
movements.
Solids tend to only vibrate and rotate - they have a low amount of KE.
Liquid molecules have a ‘medium’ amount of KE (all three types) — they
slide past one another. Gases have a large amount of KE and move around

very quickly.

It is due to KE, and therefore movement that molecules are always
colliding with one another.

Two factors that must be considered with respect to a atomic/molecular
collision:

i. Is there sufficient KE ( THRESHO L D Energy) possessed by
the colliding molecules in order to break reactant bonds?

ii. Do the colliding molecules align properly in a geometric context?

There exist, therefore, four possible collision outcomes:

1. Molecules collide with insufficient KE and improper geometric
alignment;

2. Molecules collide with insufficient KE and proper geometric alignment;
3. Molecules collide with sufficient KE and improper geometric alignment;
4. Molecules collide with sufficient KE and proper geometric alignment.

In outcomes 1-3, molecules simply _ BOVNC E off of one another
and an _INEFFecTIVE collision results (no reaction).
(Unsveccess FuL)

Outcome 4 represents the only collision-type that results in an EFFecTVE
collision (reaction occurs).

10



Due to the apparent limitless orientations that a two or three-dimensional
molecule can possess, the majority of collisions are actually ) neFFECTIVE .
Only a very small percentage of collisions are actually effective, even when
considering a reaction that occurs very quickly on a macroscopic level.

In the following set of diagrams, assume that Threshold Energy (TE) has
been attained in each collision:

Collistons notproperts oriented

N ':'.! + N D,z

Collsion
Fig. 111

Reaction rate depends on the amount of effective collisions per unit time.
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Factors Affecting Reaction Rates **Part of Quizzes 1and 21!
In the context of Collision Theory, there are three possible ways that a
reaction rate can be increased:

i. Inerease e ¥ of OVERALL collrsiens ;

. /nirease e To of collisions ool are effectiiVe ;
K. no 1 in overadl)

Bod. 1 and 1t

When considering chemical reactions, different factors may be
manipulated in order to affect reaction rate. The following outlines said
factors: *keep in mind that the manipulation of the following factors
implies that ALL other factors/variables are held constant!

1. Nature of Reactants:

- ie. Comparing the ‘reactivity’ of different reactants.

- some substances may have stronger intramolecular bonds than
others, requiring greater amounts of ENERG Y for reactant
bonds to break

- some substances may have differences in their ionization energies or
their electronegativities, which would lead to differences in reaction
rates.

- Some substances may achieve proper alignment more easily than
others.

- Eg:Mgvs. Znin HCl

MJ +r 2HUL _— M\‘jaz +  H, Vj reacts at a *ra. #Lr

'2’\+ 2HU — -?nC(, + H} | ofe. $ha .Z.& Aoec .
y - Ma andl H' ol lide with
W[ ! !&(.Mﬁi'aﬁl‘{ &w tr,"r\f,. ) T SRS \J / & ‘/
ua | M JYS | T/ Ul {’U(’-'i"‘ v A [ € ?'f ﬂ'-".' v venlss
o k3 / ,,(‘,
\ { .v
?}"L-— 1?5‘2 "' |r (ﬁ I L}tt',r( .I )

- Nature of Reactants af/ fects reaction rate by changing the Do ot
wllisioneg dhat are effechve (factor ii).
|

« ovevall collisions “he Same '
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2. Reactant Concentration:
- with respect to solids/liquids, concentration refers to _DENS Y
which we will generalize to be unchanging in Chemistry 12.
- with respect to gases, concentration refersto _ PRESS UR &
- with respect to solutions (aq phase), concentration refers to
MOL AR Y " l/tr)

- in general, the greater the concentration of a reactant, the more

reactant there is per unit space, the more _OviEr ALL  collisions

there are between reactant molecules, leading to more effective

collisions and a faster reaction rate.

- Concentration affects reaction rate by altering the _# o{
ovevodl  collisions (factor i).

3. Surface Area of Reactants:
- whether a reaction is homogeneous (where reactants are in the
SAME PHASE ) or heterogeneous (where reactants are in
DIEFeRENT PHASES ), an increase in a particular
reactant’s surface area will lead to an increase in reaction rate as the
greater the amounts of reactant molecules exposed, the more overall
collisions between reactants, the more effective collisions.

- eg. kindling burns faster than blocks of wood due to increased S.A.

- solutions are mixtures that display __ MAX\ M1\ZE D surface area
(everything is mixed together ‘as much as possible’ (ie. Spread out as
evenly as possible)) *see p. 8 in Hebden.

- Surface Area affects reaction rate by changing the _* of oveeALl
collic ions (factor i).

4. Temperature:
- it is generally accepted that for the most part, an increase in
temperature will _|NC REASE  the rate of a reaction.
- the higher the reactant temperature, the FASTER the reactant
molecules move, meaning the more _K!NEMc energy they possess.

13



- when reactants’ KE increase, the results are twofold:

a. I in He number of overall C/olh‘s}msl

Hosvefore wmove ellectve colirsions

b Molecules collide havdes’ .o T in the Z
ol collisions Haat ove effechve.

- a general chemistry rule is that for 'slow’ reactions (reactions that are not
INSsTAMTAVEQOU S ), every 10° C increase in temperature LovBLES
the reaction rate (or, for every 10° C decrease in temperature — rxn rate is
HALVED )-
- a temperature increase will increase the amount of reactant particles that
possess enough KE to react (Threshold Energy (TE)), as can be
diagrammed below in a LB‘oitzmann Diagram:

o

A ,.
)]

intermed . MP

— e l/l.l. ;,;_1'._.1 —;W{,

/

5
(

/ s ULLJ & Jeann F,

_r".l ’ N \ S F 3
# of molecs } / " \\ |

!

{ = \ ¥ Same arex under

) . \ e cwve
‘ (ia-*o{'\ svevall
: N . molecules cloes not

kinetic energy (KE) TE Me )

- only the molecules to the right of the vertical TE line possess sufficient KE
to cause reactant bond breakage - those on the left will experience
unsuccessful collisions.

- on the same graph above, draw a curve for a higher temp. and a lower
temp.

14



- Temperature affects reaction rate by changing the # o{ sverall
(& l‘ X! [Aacs b‘ﬁ_“r_'\ﬁ'l "H/\.L a‘)o U{ cO : !r S1LENnS “f’fﬂﬂj Qe QJ:’LICQ:";‘VC
(factor iii).

5. Catalysts and Inhibitors:
- catalysts increase reaction rate, not by producing more overall
collisions, but by increasing the percentage of effective collisions
(factor ii).
- They are able to do so by lowering a reaction’s T. E. (Hwesho! ol W‘/jy)
- Catalysts remain unchanged at the end of a reaction (ie.they are
KECcycLED ).
_There are two classes of catalysts:
i. Homogeneous Catalysts
ii.  Heterogeneous Catalysts
- Homogeneous Catalyst — a catalyst thatisinthe _SAME FHASE
as the reactants. Most reactions involving homogeneous catalysts
take place in solution (within the ‘arena’ of water).

o Reactions involving homogeneous catalysts proceed via an
intermediate species formed from a reactant and the ¢af sl
which then reacts further and regenerates the catalyst. The TE
required to form the intermediate speciesis L ESS than
the TE required for the non-catalyzed reaction to occur, thus

increasing the % of collisions that are effective. ¥ %;L +* p—(J oveveldd
collisions does wot

CAndngd

- Heterogeneous Catalyst — a catalyst thatisina _PIFFecen/s FiAcE ¢
than the reactants. The catalystisusuallya_Sot1D and the
reaction takes place on its surface.
o At least one of the reactants gets adsorbed onto the surface of
the catalyst (ie. forms bonds to the atoms in the solid surface).
o This adsorption increases the % of effective collisions in a
couple different ways:
» It may weaken some of the bonds in the reactant molecule;
» [t may position the reactant molecule in a more favourable
orientation for reaction.

15



- Inhibitors _D€cR e Ase reaction rate by inhibiting correct geometry
and may or may not remain unchanged upon completion of the
reaction.

6. Phase of reactants:
- rate: FASTEST aqueous > gases > liquids > solids SLOWEST
- due to proximity and/or KE of particles and/or surface area.

Assignment 6: Factors Affecting Rate Exercises
1. If 1.0g pieces of copper are placed into beakers of 0.5M, 1.0M, and1.5M
nitric acid, explain using collision theory which reaction will proceed at

the highest rate and why.
The /§ M]n/;// ex hibil e Zt éusf roade s'nce € has fhe
h,bizs+ L;;Noj => mere nga,(,( [(giomg —> meore elfechve

co s o<

2. If 1.0g pieces of copper are placed into beakers of 0.5M and 1.0M nitric
acid, and 1.0g of powdered copper samples are placed into beakers of
0.5M and 1.0M nitric acid, which reaction will be the fastest? slowest?

Fﬁf Tes] - / ] OJ ].f"u woler e v{ Cu u.j:_,.-’; [.OM .’!?ANIOS
h * Wbus{ S-' /;’ - ot ‘II/"..'I:F.;; £ ‘\'f L_.F"-.* f*...'lf.')}:? -:.> M0§7/ WUE{’F{_.{,

@) Collis iomg,
S(/OW E,._S__-T': / OJ FIC/C £s C,u_ W// 0.5 /W /L( 3\;0
¥+ /Owes{ S.A. 4+ Jowe S"f [HM(/;7 - /eas.'f OvechLe.

3. If the rate of a slow reaction at 20°Ciis 0.040 mol/s, what is the rate at ~ <*/""*"™"”
40°C?2 80°C?210°C?
{7[0"(: .0 040 »w/ S ¥ 2 = 2 :[ 0. /6 Moi/g
(/;e. x Z ) N -
Jo'c s DOYoml/c . 2° - ; 2.6 mol/s |
lo- 0.0% W‘//’/S e 27 = 0 0¢0 Ml x ';l . [(‘/ 020 ,(16



4. Suppose two reactions are taking place in separate systems, but each
have the same amount of reactant particles. Reaction 1 has a reactant
triple bond that must break, whereas reaction 2 has a reactant double
bond. What would be different about their KE/TE distribution graphs?
Assume identical conditions (temp./pressure). Which of the six factors
that affect reaction rate is at play here?

gx,hls te  wondd b(,‘u %M.,erZ% 77\4534“’“’(

Sl’lﬁ-f(- 0'/ %(. Ctvr ve -"QV e‘_,\@é\ wow(d ée ‘ﬂl& .SWV

¥ Natuve of Keactarts s at p 07 Z/

TE T¢
5. A) In the space below (on the left), sketch a typical KE distribution 2

curve. KE should be on the x axis, # of molecules on the y axis, and

draw a vertical line for the threshold energy.

B) Sketch a distribution curve for a higher temperature system and a

lower temperature system on the same axes.

C) Will the threshold energy change for any of the three curves? Why or

why not? NO . -[ _Pa ectes # and force of colivsionc b
D) Sketch a dlstnbutlon curve (on tﬁe right) for the same reaction at the

original temperature, but with a catalyst. |

M = ﬂ(
MP() t Sy — A D) 7 b
7 || . _ - ﬂ'U’M ’
£, T T T
+ of / J
. * Samt.
Mo lee / avea ! 3 of “\
( wole \
___ — [ /417 _E\. >
Ke K JE

6. Rank each reaction from fastest (1) to slowest (4).

a) 2NHsw + 3F2g = 2NFsp + 3Hzg) C‘/)

b) 2Agtag + SOsZaq = AgSOss (1)

c) Fes + H2Sa = FeSe) + Hap .y

d) HNOs@g + H200 = NOs@q + HsO' @

17



7. Consider the following reaction:
CaCOsi + 2HClag = CO2g + H20q + CaClaaqg)
Identify four ways to increase the rate of the reaction.

(D Ir\wms& SA of CaC&_‘;
@ T demp.

@ T (]

@ Add a Cwlaj7s‘t

8. Explain, using collision theory, why a 2.0g ball of Mg metal will not react
as fast as 2.0g of Mg shavings in HCI.

§sznﬁs hawve g'rmﬁ% SAH =>  jueve %wa Cellisiavs

9. Using collision theory, explain how a heterogeneous catalyst is able to

increase reaction rate.
flsovbs reactant(s) onto surface and  cithe helps +
?wm’w aﬂ? break beswds e+ / “"//‘;'5 *{/’2;""-- proper { (".:rv Lot _\_',

A o f :
g;/i“:wv L{.ft':‘%a ; [ /o 27 Qg %('S'dr g \W are ¢ #&G?"Vt )
Assignment 7: Hebden p. 8 #13, p. 9 #16 & p. 12 #21
duiz | |

Energy Changes in Reactions

In order for a chemical reaction to occur, energy is required to break
reactant bonds (ie. energy is required to create amore _ UNSTABLEC
situation). Simultaneous to reactant bonds breaking, product bonds form.
When chemical bonds form, energy gets released (ie. energy is released as a
more_ STARLE  situation is created).
Reactant molecules must collide with sufficient KE in order to for reactant
bonds to break. However, as molecules approach each other, their
respective KEs begin to decrease due to repulsion from _ L€ CcTon <
Since energy cannot be destroyed, the KE is transformed to
POoTeEnTIAL energy (PE ).

18



The transformation is directly proportional, in that 1J of KE creates 1J of PE,
thus:
KE + PE = total energy of system

AsKENM PEU & asKEU PEN

At impact, the KE is momentarily at its lowest (KE is never zero (unless
temperature is_A8SoLUTE ZERO ) because molecules will still be
vibrating and/or rotating) and PE is at its highest. When the particles move
away from one another after the collision, the KE begins to increase again,
and the PE decreases.

During an effective collision, PE is used to break the reactant bonds,
simultaneously forming product bonds. This structure with bonds
breaking and forming simultaneously is called the _ ACTIVATED

ComPLEX  and has very high potential energy (relative to reactants
and products), is very short-lived, and is relatively unstable.

eg. Ho + Clh » 2HCI
H-H = H---H = H Y
{ ]
L l l
Cl-Cl C—--L L
r
activated complex
(M, 2,)

The term threshold energy (TE) is used to define the minimum amount of
KE _required for a successful collision to occur. With respect to PE (the

actual energy ‘currency’ used for reactant bond breakage), there must exist

equal to or greater PE than the _ ACT VATV Ol energy (_Ea ).

19



Definition: Activation energy- -the Mmin<mum PE r 67&1*764 7o

Loenvert reactants InT? aer achvarted ';:‘-F-w/c-‘f.e.k’ ( el
hencefortb 1ate produc ?s ).
T"';q -
1€ . Eﬂﬂwmeb ComPLEK { Ekzﬂoﬁwfs

Below is a typical PE curve with both the activation energy and activated
complex labeled:

A
<« activated complex

Ea IEWd)
PE
R ATD

A 4

Progress of Reaction

* Also: Label Ea (rev) and AH

Diagram below how the PE changes throughout an effective collision
compared to the KE in an EXOTHERMIC reaction:

T TOTAL ENERGY

Energy ‘——/ \

v

Progress of Reaction

20



Draw a similar diagram for an ENDOTHERMIC reaction:

'y

TOTAL ENERGY

42
Energy

A J

Progress of Reaction

Assignment 8: Read pp.20-22, do Qs 33-39

Heats of Reaction (AH) (AEnthalpy)

An exothermic reaction releases M@? as HEAT to the surroundings,
therefore, products are more stable than reactants.
Eg. Burning a match.

How is the released energy produced?

In terms of net PE, the released energy manifests from PRODUCT BOND
FoRMATON . The PE that was required to break reactant

bonds was less than the PE that was created (then released) when product

bonds formed. This excess PE that is created is released in the form of

HeaT.
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An endothermic reaction absorbs entray oc HEATFrom the surroundings,
therefore, products are less stable (moféﬁunstable) than reactants.
Eg. A first aid “ice’ pack.

What is the absorbed energy used for?

In terms of net PE, the absorbed energy is required to_PREAK REACTANT
Lo . The PE that was required to break reactant

bonds was more than the PE that was created (then released) when product

bonds formed. This excess PE that is absorbed is taken from the

surroundings in the form of __HEAT _, making the surroundings cooler.

Enthalpy (H) is a measure of the heat energy content of a system. Itis
usually measured in Joules (J) or Kilojoules (k]). AH is the measure of how
the energy changes throughout a chemical reaction, as discussed above.

AH = HPROV B HRW.
AH can result in either a positive or negative value. If AH is negative, the
PEreactants > PEproducts. Therefore, leftover energy will be released as heat,
and an exothermic reaction will result. If AH is positive, the reaction is
endothermic, since PEreactants < PEproducts, and heat is absorbed from the
surroundings.

There are three ways to deduce whether a written or graphical reaction
equation is exothermic or endothermic:

If exothermic:

i. the energy term will be written as a product in the equation;

A———>B+Xkd’

ii. AH will be negative;

ko — B 5 AH-

iii. the products will be lower than the reactants on the PE curve.

~
pe (17 )
lg“"'e LB 2



If endothermic:
i. the energy term will be written as a reactant in the equation;

A+ XkI —> B
ii. AH will be positive;
A — B ) A= + X kd

/M
L2
iii. the products will be higher than the reactants on the PE curve. P€ /&} =0

>

Pron. of Bon
On the following curve, label Ea (fwd), Ea (rev), the location of the activated

complex, reactants, products, AH, state whether AH is positive or negative,
and if the reaction is endothermic or exothermic.

PE

AW = &) ENDOTHERM\C

W v

v

Progress of Reaction

Observe the shape of PE curves. For a reaction to proceed, an energy hill
must first be ascended (reactant bond breakage). This uphill is the
activation energy, which predicts reaction spontaneity. A small activation
energy corresponds to a more spontaneous reaction as the reactant bonds |
are not relatively difficult to break, whereas a large activation energy
corresponds to more non-spontaneous reaction. Draw PE curves (label all
axes, reactants, products, Ea, and AH) that represent the following four
cases:

23



A) spontaneous & exothermic B) non-spontaneous & exothermic
C) spontaneous & endothermic D) non-spontaneous & endothermic

A)’\\ 5)

e | e

b ey - o 2
— b

Prong(/,é 0\( Qm PVOJ(LSC 01[ qu\._

Il'___‘__,_—f—“‘“‘““‘""'_'“—‘) L. == \,.'-.‘
P’“"*.,' ¢5S of QMA ?rogfe,« of Ebw

U
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Assignment 9: PE Curve Exercises

Tip: When drawing PE curves, realize that neither reactants nor products

may ever possess 0 k] Potential Energy.

Tip2: If you are provided with Ea and no description as to whether it’s

forward or reverse, assume Ea (fwd) is the default.

1. Draw a PE curve with labeled axes that has a 200k] Ea and a AH of
-100Kk]J. On the y axis, make a scale from 0kJ to 500k].

A
500 4"\
You ‘%
209
fpe 200
\“’T) 0o g
b

l{;’“ 74 b“ QU\
: . { . .
A) Is this reaction exothermic or endothermic?
ExoTHeERM L
B) Are the products more stable or less stable than the reactants?

MORE STHEBLE

C) Find the potential energy of the activated complex.
: P & P2 oo ex (in Hus

2. Sketch a PE diagram forl the following reaction: Case: -

2Nai) + 2H20q = 2NaOHag + Hag) + 30K]
Ea = 20Kk]

E(products) = 10k] )
e

pe i
(k1)

% 1
20 =
10 _‘L_. o L’

L)

E
4

<
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3. Explain in terms of energy changes (kinetic and potential) what occurs
when two molecules approach each other, collide, and move away as
products. Be very specific and use correct vocabulary.
A‘?{)MAU"\,: kE J/ ) 143 T
Collicion . KE @ lowest (wot mo) © PE @ waw,a
Move Pway - KE Ty fe v
4. Does reaction rate depend on activation energy? Why or why not?
Vs e lower e B Yoo greater Har Do of elective
collisions  u “‘Hat :’_—‘\_ v AN~ L'rl‘—!{/ui. Vln . rooke
5. Does reaction rate depend on AH? Why or why not?
V\ID ' geac%’% (aJ-C OLCI?MC Soi(y‘—*y ‘A()o’k 64.
(’ﬁ o A~ emdothermic ryin oy shil ke $WMO“\§

6. Read p. 24-25 in Hebden regarding using curves to deduce information
about reverse reactions, then answer the questions below using the

following PE curve.
A

400 -

300
PE
200 —

100 71

Progress of Reaction

a) Find the E. of the forward reaction. 200 lJ

b) Find the Ea of the reverse reaction. 300 Ik J°

¢) Find AH for the fwd. reaction. Endo orexo? — 100 T <«0 -
d) Find AH for the rev. reaction. Endo orexo? 100 T  ewdo -
e) What would happen to the activation energy if the temperature is

increased?  NotHn y\ﬁ
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7. Which of the following is endothermic?
a) 2Hz + Oz -25k] = 2H20q
b) 2H2@ + Oz = 2H20q + 25K]
@ZHZ(g) + Oz + 25k] = 2H20q)
d) 2H2) + Oz = 2H20q AH=-25K]

8. Provide the formula for and draw a picture of the activated complex for
the following reaction: =~ Hzg) + Brazg = 2HBrg — AH =-125K]

Favvvudo. ; H, B/; H o ?r

l—:l - B,
Assignment 10: Hebden p. 25 #41-45

Catalysts
Every type of reaction follows a specific and consistent pathway with a

unique activated complex. When a catalyst is introduced to the reaction,
the reaction pathway is altered such that a different activated complex
(possessing the catalyst in its structure) forms possessing a lower Ea
(usually when the catalyst is homogeneous). Thus, a higher percentage of

collisions willbe _ ¢ Hee hve , thereby increasing the reaction rate.
A «— uncatalyzed
catalyzed
PE

-
L

Progress of Reaction
Catalysts are involved in creating a different, lower-energy activated
complex, but are regenerated in a subsequent step. Therefore, it is noted
that catalysts are never consumed in a reaction, nor do they change form;
they are, in fact, _ recu el cd
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An inhibitor, on the other hand, forms a new activated complex that has a
higher activation energy, thereby _d¢ ¢y eas: ¥ reaction rate.

It is important to note that catalysts lower the activation energy, thereby
increasing the reaction rate, but catalysts do NOT alter AH in any way;
this is true because in order for a catalyst to be considered effective, it must
not alter the products of the reaction.

Demo: Decomposition of hydrogen peroxide (with and without a catalyst) |
Uncatalyzed:
2H20209) = 2H20@ + Oo) + energy rate: Slow (we're talkin’ years)

Catalyzed:
2H202(2q) + MnOz2¢s) = 2H200) + O2g) + MnO2s) + energy  rate: fast (seconds)

Is MnO:2 a homogeneous or a heterogeneous catalyst? HeTErRceeneDUS
How can you recognize a catalyst in a reaction equation?

SHows UP  ON  REACTANT AND PRoDuUcT SIDE

Draw a PE diagram“B“e&l\ow for the catalyzed and uncatalyzed reaction of
the decomposition of HEO;.

/ \\ A~ i bl ey
A /J \ )
{;; e’ o \ — = Cotalny »_(-'43’5
PE | ¥ g -

v

Progress of Reaction

Now use a different colour/type of line in the graph above to indicate the
addition of an inhibitor.
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Assignment 11: Catalyst Exercises
500 —+
400
300

PE 250 —-

200 T

100 —-

v

Progress of Reaction

1. Label and calculate the activation energy for the:
a) uncatalyzed forward reaction. 250 kJ
b) catalyzed forward reaction 150 & J
c) uncatalyzed reverse reaction UgQ LI
d) catalyzed reverse reaction 3¢ J

2. Calculate the potential energy of the:
a) uncatalyzed activated complex 500 kI
b) catalyzed activated complex YoQ kT

3. Calculate the difference in activation energy for the uncatalyzed reaction
and the catalyzed reaction. |00 kJ

4. Label and find the AH for the:
a) uncatalyzed forward reaction =150 kJ
b) catalyzed forward reaction - \Sv k3"
c) What do you notice about the two? ng Life.ence
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5. Can a catalyst cause an endothermic reaction to become exothermic?
Why or why not?

/\10' “u Caa‘wéys‘f' }\.ﬂ—b no Lﬁfécf g AH /ﬂ‘f? Ea)

)

6. Briefly summarize how a catalyst increases reaction rate. Be specific and
use proper vocabulary.

H éQ’I['M;}S* /WM( ea %J”’Wé?: IP.!.CJC&S:‘y
e (j)a of colUdsions u{r@u;f ove etfective.
VAR A

Reaction Mechanisms

A reaction equation outlines the original reactants and the final products of
a chemical reaction, but it provides very little information about the actual
process that occurs to move from reactants to products. An equation
implies a one-step process, which in reality is seldom the case. Most
reactions involve a series of steps in order to proceed from reactants to
products.

Define Mechanism:

77\2, Sequence ﬁﬂf Sk/Ps /I'H*Lﬂfwu&aa'ak féao-ﬁ'ws)%wé
Cownprfse am QVMOV(/( v eactier

Example: 4HBr + O2 = 2H20 + 2Br2
This reaction does not occur in one step. Why not?

Vé‘/" /Ow Fraba,b[/l.*? Jatf 5 molecules /‘/ HBr +
/ (?\ collide at the Same +me i m,ﬁ.yﬁ,g_
ficy

Ke Jpe amd  with The correct emieadotion

7'79 fovm achvated c&mp/ex
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The above reaction is actually a three-step mechanism:

Step 1. HBr + O2 = HOOBr + energy rate: fast
Step 2: HOOBr + HBr + energy = 2HOBr rate: fast
Step 3: 2HOBr + 2HBr = 2H>O + 2Br2 +energy  rate: slow
Overall: 4 HB, + 0, — 2H, © + 2 Br, AH = exothermic

Each individual step is referred to as an £ EMenTARy PR pLESS ot
an_/NTERMED 1 £TE REACTION. ’

a) Which step is the rate-determining (or rate-limited) step and why?

5@3 == s Y s lowes t

b) Why are HOOBr and HOBr not written in the overall reaction equation?
érw/—co( Hen  ws ed /

c) Draw a potential energy curve for the three-step mechanism.

1\

Progress of Reaction

Reaction Intermediate: Sp.cics “Hiod oare produced 1w

Py 5.‘(/? of a veact s o FHaene used 1w o
ZN‘OY S "ﬂ: ,
H'O o ,B" and th 5 ¥ are reaction intermediates from the last

example. Reaction intermediates may not be part of the overall reaction if
they happen to "cancel out" when determining the overall reaction.
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Exception: eg. A+F — > B+2C
C—*B+D

Overall: A+F—— 3 2B+ D+ C (BUT, Cis still a rxn intermediate)

The first place you see a reaction intermediate is on the _PLoDyeT1s’

side and then itisusedasa KeAcTANT

Example:
Step1: Os + NO + energy = NO2 + Oz rate: fast
Step2: NO2 + O = NO + O2 + energy rate: slow

a) What is the overall reaction?

b) Find all reaction intermediates.

NO,
c) Which is the rate-determining step?
Step 2
d) Sketch a PE curve for the mechanism. The overall reaction is
endothermic.

A

ﬂ 1
PE

JAH = @ G'Vdfau

]

v

Progress of Reaction

Catalyst: a substance that _/éreases  reaction rate without being
consumed in a reaction.




Which substance acted as a catalyst in the last example?

NO

A catalyst is not part of the overall reaction as it always "cancels out".

A catalystisa_KEAZTANMT first,andthena_ FPRODYC T° .

Why do all catalyzed reactions have at least 2-step mechanisms (this refers
more generally to homogeneous catalysts, but can also include

heterogeneous)? /' t.tu ct ol S e s¥kp H
ftzlprap(/vto(,d/ Y% a ffja,#i--z 57‘&/9 . |

Assignment 12: Reaction Mechanism Exercises

1) Step 1: 2NO + Hz = N2 + H20: rate: slow
Step 2: H202 + H2 = 2H20 rate: fast

a) What is the overall reaction?
2 No + 2H, —s Z”;OI* N,
b) Which is the rate-determining step?
Step 1

c) Identify any reaction intermediates. H, 0
Y

2) Step 1: rate: fast
Step 2: N2O2 + Bra = 2NOBr rate: slow
Overall: 2NO + Br2 = 2NOBr

a)FindStep1l. 2 yo —= A/, 0,

b) If it was possible to increase the rate of step 1, how would this affect the

overall reaction rate? Mp + ver f pre 7£9'v\4\ A l7 af atll .

¢) Identify any reaction intermediates.

M, o,
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3) Overall: 2H202 = 2H20 + Oz
Step 1: Br2 + H202= 2Br + 2H* + Oz
Step 2:
a) Find step 2.
) g /—/,0,-* 25»"-/-2/714'—*“‘92%/,043'&
b) Identify any reaction intermediates.
P and H?

c) Identify any catalysts.

K4
4) Why does the following reaction have a multi-step mechanism?

3FeCl2 + KNQOs + 4HCl = 3FeCls + NO + 2H20 + KCl
Low pro bab ,-'[,‘\h7 HoaAt 2 mo {ﬂ-fi“/(s wondfad collide «F He
Same Fome with “Tsuieient Ke /FE avd . G B Crclatyan,
+o 74’”“017 an AChva de A Coonn f’l lex. .
A

v

Progress of Reaction

a) How many steps are in the reaction mechanism?

3

b) State whether each step is endothermic or exothermic.

1- exo 3 - exeo
2 - .&V\B'(O
c) Is the overall reaction endothermic or exothermic?

€0
d) Which is the rate-determining step? How can you tell? S4cp 2 - A *"t,_%‘? st Ea
e) Label AH for the overall reaction on the curve.
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f) On the curve, label an A wherever you would find an activated complex

and an I wherever you would find a reaction intermediate. How do the
two differ? A.C. ™ *‘U(j‘* PE ; unstable ; shovt - )ivedf
R.|. —> fower Pe mere s{wlv'e /97211 lived.
6) Consider the following mechamsm
Step 1: NO2 + Mn = NO:Mn
Step 2:
Step 3: NOs + CO = NO2 + CO»
Overall: NO2 + CO = NO + CO2

a) Find Step 2. |
NO, * ”U,Mn —> MO + No’»‘ ¢ Man

b) Identify a catalyst.

¢) Identify any rea:‘ction intermediates.
No, M |~ NOs
d) What would be the chemical formula of the activated complex in
Step 3? *Too complicated to DRAW in Chem. 12!!!

CNOy

7) Step 1: H* + H202 = HsO2* rate: fast
Step 2: rate: slow
Overall: H* + I + H: 02 = H20 + HOI

a) Find Step 2.
| " v Hy0,* —> H o .+ Ho/
b) Identify any reaction intermediates.

Hy 057
)
c) Which is the rate-determining step?

Sty 2
d) What is the formula for the activated complex in Step 27?
(don’t forget to sum charges!)
Hay O, |
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8) Step 1: CIO- + CIO- = CIOz> + CI
Step 2: ClO2 + CIO- = ClOs + CI-

a) What is the overall reaction?
3207 — Clo,” + 2C&~

b) What would the chemical formula be for the activated complex in Step
1? (don’t forget to sum charges!)

CL, 0%

c) Identify any reaction intermediates.

(L0,”

9) Step 1: NO + NO = N20:
Step 2:
Step 3: N204 = 2NO2
Overall: 2NO + O2 = 2NO2

exothermic / rate: fast
endothermic / rate: slow
exothermic / rate: fast
exothermic

a) Find Step 2.
A/;Oz v 0:, = ,\/3' 0"/

b) Sketch a PE diagram for the reaction mechanism.

) | / W,/’\\

Progress of Reaction

v
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Specific Uses of Catalysts

i. Automobile Catalytic Converters

- Vehicle engines produce NO (nitric oxide) as a result of the synthesis of
N2 and Oz from the air and the high temperature of the combustion within
engines.
- NO can then oxidize to produce NOz which can form _#< /P

R A1~ when released into the atmosphere.
- Furthermore, CO (carbon monoxide) and other harmful un-oxidized
hydrocarbons are also released in exhaust.

SOLUTION?? Catalytic Converter (since 1981) — consists of two chambers
that lessen the amount of pollutants released in exhaust fumes — the
converter itself is part of the exhaust system.

Chamber 1: contains a transition metal or a transition metal oxide which
converts NObackinto N, and 0. .

Chamber 2: containsa ___ PLATiNUM  catalyst that serves to help
convert CO and un-oxidized hydrocarbons to CO2 and H:O.
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ii. Hydrogen Peroxide Decomposition: 2 H202 —> 2 H20 + Oz

Background:

- H20:2 is a harmful metabolic by-product formed mainly via the oxidation
of fatty acids in animals (predominantly occurs in the liver), and via
photorespiration of glucose in plants (one of the many respiration
pathways in plants).

- H202 kills cells non-specifically by disrupting cell membranes; sometimes
used as a wound cleaner to kill bacteria -- but within organisms, excess
H20:2 can be harmful.

Three Catalysts Utilized to Decompose H20x:

1. Manganese (IV) oxide (MnQO:) — used in the lab (the “burning splint”
reaction).

2. Raw liver (animals) — liver tissue contains many peroxisomes (organelle)
that possess the enzyme catalase which decomposes H20: so as to protect
animal cell membranes from disruption.

3. Raw potato (plants) — Catalase evident in potato cell peroxisomes.

iii. Autocatalysis

- Autocatalysis occurs when the _pro duct  of areaction servesasa
catalyst for the same reaction. !

- the reaction starts slowly but picks up speed once the catalyst begins to
form.

eg. Reduction of acidified permanganate ion by the oxalate ion with Mn?*
catalyst:

2MnOs +5 C204+ +16 HY 72 Mn* + 10 CO2z + 8 H20

*products form faster if Mn?* is provided at the beginning of the rxn.
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Assignment 13: Catalyst Exercises

1. READ pp. 34 - 36 before attempting questions.

2. In the upper atmosphere, chlorofluorocarbons (from many aerosol
products and volcano emissions) absorb sunlight and subsequent
fragmentation produces radical Cl atoms. Now, do question 62 on page
36 in Hebden.

3. Do question 63 on p. 36 in Hebden.
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