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WHAT IS KINETICS?
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Figure 7.1.1 As a reaction proceeds (a) the concentration of reactants decreases and (b) the concentration of products increases.
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HOW DO WE MEASURE RATES?

Chemical reactions indicate the overall change that is observed.
Most reactions take place through a series of steps which are
usually too quick to observe.

CHANGE IN MASS

CHANGE IN CONCENTRATION

CHANGE (N VOLUME

CHANGE (N PRESSURE

CHANGE IN COLOUR

CHANGE (N CONDUCTIVITY

CHANGE IN LIGHT ABRSORPTION
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what affects rates?

O Temperature
O Concentration of Reactants
O Surface area

O Catalysts
O The Nature of the Reactants

Chemical compounas vary aowsiolemlol,g L thelr
chemical reactivities
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but why?

lncrease temeperature, tncrease rate of reaction § vice versa

|
Lower temperature |
|

I
Higher temperature

" Minimum energy
needed for reaction, E,

Fraction of molecules

Kinetic energy

At higher temperature, molecules have more energy

therefore, more molecules will have enough energy to overcome €a and to
form products

B o S G e S e
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lemperature & Rates
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CaC0, + 2HCI — CaCl, + CO, + H,0

Ve

\1 mol dm=2 HCI

2 mol dm=3 HCI

average

concentration:

colliding

Figure 7.

-

time

2.10 Increasing the concentration of an oqueous reactant increases the
rate of the reaction.

lncrease concentration, tncrease rate of reaction § vice versa

recall - concentration Ls mol/volume (¢ = n/v)

increasing pressure of a gas has the same effect as tncreasing

more particles tn a particular space means more chances of

——
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effect of surface area

lncrease surface area, nerease vate of reaction § vice versa

what dissolves faster: a lump of sugar or a spoonful of fine sugar?

| more surface area will give more opportunities for the reaction to take
place. what about particle size???

F
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effect of catalysts

being used up itself

energy

A

uncatalysed reaction

catalysed reaction

reaction progress

Figure 7.2.16 Catalysts lower the activation energy (E;) and so increase the
rate of reaction.
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a catalyst Ls a substance that speedls up a reactlon without actually

catalysts provide an alternate pathway for the reaction with Lower

c

catalysed
activation
energy

uncatalysed
activation
energy

number of collisions
with a given energy

E'l Ea
particle kinetic energy

Rigure 7.2.17 Cotalysts lower the activation energy (E,) so that more
collisions will result in product formation.




What catalysts can do!
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Nature of Reactants

Thursday, February 20, 2014

Potassium
Sodium
Lithium

Magnesium
Aluminium
Zinc

Iron

Tin

1
4

~ Very reactive
'React with water
'React with acids
'React with oxygen

{ Very unreactive |




REACTION RATES

. THE RATE OF A CHEMICAL REACTION CAN BE
DETERMINED BY MONITORING THE CHANGE (N
CONCENTRATION OF EITHER REACTANTS DISAPPEARING
OR BY THE PRODUCTS APPEARING AS A FUNCTION OF
TIME.

REACTION RATE = -[Al /AT oOrR [Bl/AT

1.00 mol A 0.54 mol A 0.30 mol A
| —— 0 mol B 0.46 mol B 0.70 mol B e
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-xample |: Reaction Rates

C,H,Cl(ag) + H,O()

C,H OH(aq) + HCl(aq)

Time, £(s) [CH,ClI M In this reaction, the

0.0 0.1000 concentration of

50.0 0.0905 butyl chloride,
1000 0.0820 C,H,Cl, was
D00 O07 measured at various
200.0 0.0671 .
300.0 0.0549 times, t.
400.0 0.0448
500.0 0.0368 - A[C,H,Cl]
300.0 0.0200 Rate =

o At

10,000 0

O Note: by convention, rates are positive. So, iLf
You are working with reactants disappearing,
You must multiply by 1!
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Calculating Reaction Rates

C,H,Cl(aq) + H,O()

C,H,OH(aq) + HCI (aq)

Thra e L C Average Rate, M/s

e o T ? The average rate of the
d e 19 % 10~ reaction over each
0.0820 - e interval is the change in
150.( 0.0741 - . T
0.0671 - - 14 %107 concentration divided by
el e ¢ the change in time
oo 0365 ——— 080X 10°
800.( 0.0200 0560 x 10~

The most common method of changing a reaction rate is through
changing the concentration of reactants.

Mathematically:
rate = Aconcentration
Atime
Units?
mol / s
mol /L es = M/ s

Thursday, February 20, 2014


file://localhost/Users/jessicalorenowicz/Desktop/Wedding%20Planner.numbers
file://localhost/Users/jessicalorenowicz/Desktop/Wedding%20Planner.numbers

Reaction Rates

C,H,Cl(aq) + H,0O(/) > C,HyOH(aq) + HCl(aq)

0.100 ¢

O A plot of concentration vs.
0.090
time for this reaction yields a ok

" Instantaneous
rateatt =0
(initial rate)

CUYVVE LLRC this. 0.070
, S 0.060
OThe slope of a ine tangentto =
the curve at aV\zH 'POLV\«t LS the J' 0.040 = rl'liti?fal‘i%ﬁl
instantaneous rate at that 0030 5
tLWLC. 0.020 "
0.010
O Secants HLch the averaoge rate 0777100 200 300 400 500 600 700 800 900

Time (s)
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Reaction Rates

C,H,Cl(aq) + H,0()

O The reaction slows down
with time because the
concentration of the
reactants decreases.

O So there are less
molecules to collide and
react

> C,H,OH(aq) + HCl(aq)

= 4. = - rero-gradient
E (reaction |stopped)
g 3. rate deg¢reases
) 7
Q
5 27
] maximum gradient
'Eu (maximum rate)

14

0 60 120 180 240
time (s)

Figure 7.1.4 Graph of reaction of CaCll, with excess HO to procues (0.,
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Reaction Rate Determination

C,HyCl(aq) + H,O(/) > C4Hy0OH(aq) + HCl(aq)

e SR R o Note that the average
L. . rate decreases as the
o oon — reaction proceeds.

M OThis is because as the
00 omw — reaction goes forward,
10,000 0

there are fewer
collistons between the
reacting molecules.
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Reaction Rates and Stoichiometry

C,HyCl(aq) + H,O(/) > C,Hy0OH(aq) + HCl(aq)

O ln this reaction, the ratio
’ (initial rate)
of C4H90L to C,H,Ott Ls
441 &R S
OThus, the rate of A e
disappearance of C 4HﬁCL o :
LS the same as the rate of
a earam'ae 0 O H OH- 07100 200 300 400 500 600 700 800 900
PP f 4 ﬁ o ‘ 'l'il-110~(:() e !

-AIC,H,Cl] _  A[C,H,OH]
At At

Rate =
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Reaction Rates & Stoichiometry

Suppose that the mole ratio is not 1:1?

Example
H,(g) + 15(9) > 2 HI(g)

2 moles of Hi are produced for each mole of H, used.

A[Hy] 1A[HI]
At 2 At

The rate at which H, disappears is only half of the
rate at which Hl Ls generated

rate =
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HBo bk EE

2 N,Os —=> 4 NO, + O,

NO- IS BEING PRODUCED AT A RATE OF 5.00 X10° M/S.
WHAT S THE RATE OF DECOMPOSITION OF NoOs?

1) WRITE THE RATE EXPRESSION:
RATE = A NO,1 /AT = 5.00 X10° M/S

2) LOOK AT THE RATIO IN THE ERUATION: FOR EVERY
MOLE OF NO, MADE, 1/2 N,Os |S DECOMPOSED

RATE = - A [NLOSI/AT = 1/2 AINOST /AT
SUB IN!' A [NSOsI/AT = 1/2 (5.00 X 102 M/S)

=2.5X10°MW/S

e \ 1 4 4 Y Ty 4  § Y Y Y R S
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TRY [T

P.7 IN YOUR WORKBOOK.

#1-3, 9-11
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