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RATE EQUATIONS PART/

WORKING OUT AND USING THE RATE EQUATION §

You can use initial rates data to work out the order of a reaction and the rate constant (k). You need to carefully pick pairs:

of data in which the concentration of one reactant changes and look at how this affects the rate.
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Foraresction A4+ B — C the rate equation ks rate = g[A]™[B]" [mandncanbe, 1 or2) *  Concentration changes and ﬂﬁuﬁzmﬁgaﬁﬂg?ﬁnlﬁh 2 for bothl: first order

‘s Ritechanges by the square of the factor concentration changes by (e.q. concentration = 2 and rate x 4, or
conesritration x 3 and rate » 9): second onder

RATE EQUATIONS

Rate of reaction = how fast the amount of product increases (or amount of reactant decreases)

Thie erdee of this reaction is m with respect to & and n with respect 10 3; the overall order ism + 0

The rate constant is kin the equation = it has a constant valug 31 constant tempiratine Examphi: chloramethans reacts with hydroxide ions to form methanal CHACH + Q- == CHaOH + CF

Half-life is the time taken for the amount of a reactant to decresse by one half .-_...mamﬂmu:s.wn__.._E».nn__.aﬂ_EE.%EE:EEE:%EEB«E&:F“&EE:EEE....ﬂw:!ﬁ.ﬂnnn...?m__“—.mnnﬂﬁ

write a rate equation for this reaction and wark out the valus of the rate constant, k.

I & reaction happens in a serles of steps, the slowest step i5 called the rate-determining step

[CHaCH =Ly Imifial rate [CHCT) doubbes ([OH) rammaing constant], initial e doubles -
f mal dm? J mel dme? ! mol dm 51 this means the reaction is flest order with respect to CHI
WORKING OUT ORDERS FROM GRAPHS 5020 610 ox0s =]
H 0uD0 =5 ]u) 20510 Inh..“ I- OH) doubles [[CHCI remalns constant), initlal mte doubles - .
Concentration=time graphs D0 020 0% 0% = — =3 this rmeans the seaction is first erder with regpect ta O#H “

e i

Far the reaction & — B, the concentration of A decreases as the reaction progreésses = but the shape of the

graph of [A] against time teils you the order of the reaction with respect 1o A The rate equation is raie = k[CHCI=IOH]» From the dats above, we can tell thatm = 1and ni= 1

i EXAM TIP [CHCI[OH] 0020 x0.10 order. Don't try to
The rate at any poink s . : memaorise them = work
rrval dm™ the gradlent of the them gut every time.
Stralght i ; tangent a2 that paint : 3 : : o B
R, i ...,._,,,_E_, We can now work 6wt the rate for any concentrations - . if [CHSCI] = 0,080 mol dim* and [GH-= 0.50 mol ém-*
et ol Rote = K{CH:CH[OH] = 5.0 % 10 = 0,080 = 0.50 = 2.0 % 10-* mal dm5!

Rate—concentration graphs
For the reaction A — B, the shape of the graph of rate vs [A] tells you the order

Curve means flest or (Al can be continuousiy
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seoond crder measured using
Rote = gracient = techniques such as Finding the initial rate of thi: reaction with respect to A, For 2ero- and first-order reactions, you can wark cut
k[A] erkla)? eolarimetry Very early in the reaction, the graphs of the rate constant, k, from the graph,

first- and second-order reactions are
approsximately stralght lines. Rate

time, (5]

Curved line [gradient changes)
means second order

First and second order can be distinguished by measuring successive half-lives (time taken for [A] to halvel. it
ate = k[A]

1 the hall-life, ty, s constant, then the graph represents a first- order reaction,

Initial concantration—time data {e.g. from mal dm

timing the preduction of 2 small fraction

0.250

0.125

5 The tima for [A] to fall from 0,250 to 0,125 med dm ig
20005

L&, fy = 20.0 5 and is constant (so this reaction is first order)

Far first-arder reactions, the rate canstant can be
caleulated using the formulac k= R 2

e.g. the concentration of product increases
from 0 to 0030 mol dm™ in 12 5, the initisl
rate ks 0030/ 12= 2.5 % 107" mod dm? 5.

For fast reactions this may require
sophisticated technigues te time vry
short periods.

0.500 Caleulating the rate constant, & of total amaunt of product) can be used
o caloulate the initial rate, Straight line with gradient =0
wﬂ .."_E__ The time far [A] to fall from 0.500 to 0.250 mel dm ks 200 means first arder
i

Al
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[A] mol

Rate = k|A]
Rote constont, k= grodent

Harizontal line [gradient = 0]
means 2ero order
Rate = k {ie [A] has no effect)
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Lk
E H Thixinitial rate can also be determined
0.0 200 A0.0 & ' Inthiseasek = N Z = DEF3 = 0.0347 5°F by measuring the gradient at the start of This may _U.nuq.un__..n._.un_. by _...__.-___u..hm_._m_.__._u m_.___ﬂw_ rate
Ta=1005  th=2003 e 18 o 200 a concentration-time graph. several times with different inltial concentrations of A
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