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The rate at which a reaction takes place Cim D o heen made
: Anets he
working out how much of one of the proc .u.c " o up in @
in a given time, or how much of a reactant 15

given time. Sk
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For example, when you add a picce of magnes

hydrochloric acid, hydrogen gas is given ofl.

T ——————— . |
: g the formation ofgasina

magnesium with hydrochloric acid. Measurin

reaction.

gas syringe

How can you measure how quickly the reaction 1s

taking place?

It is difficult to measure how quickly the reactants are used.up
or how quickly the magnesium chloride is formed. The easiest
way is to measure how quickly the hydrogen gas is produced.
You can measure the volume of gas produced in a particular

length of time.

To collect the gas you can attach a syringe to the top of the
flask so that no hydrogen can escape. You can use the scale
on the syringe to measure the volume of gas produced at

different times during the reaction.
The table below shows results obtained using this apparatus.

syringe scale

dilute acid

marble chips

Total volume of hydrogen gas produced / cm3
0

Hime/s II

| R

L 60 I 20

L 90 I 26

[_ 120 II 40
I
I
I
I
I
I

10

[ 150 48
L 180 54
L 210 60 REETmr
L 240 64 )
[ 270 66 e
[ 300 66 B
L 330 66 gy
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8.1 Measuring the rate of reaction

P questions
2 How can you tell fro —
970 seconds? m the results ¢
Suggest what might ha

able tha i — .
that the reaction has finished at

z ppen t
agnesiur : o th i .
mag m and acid, so that moreeeti(peulmem if you used a lot more
nan 100 cm?® of 1
1ydrogen gas was formed.

What could be don
¢ tored .

hydroge uce the risk .

. /Y gen was produced? risk of an accident if more than 100 cm?of

When 2 graph of the results i
ts S
1s plotted, it is easier to see the pattern that they make

The graph shows that one of
he ¢ the r
This is called an anomalous resflt1 esults does not fit (correspond with) the pattern.

70 - e
60 . . e
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total volume of Z Ol it
- hydrogen gas |
produced/cm? o1 i

apl e
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u identified the anomalous

xplain how Yo
t the result to be.

uced an anomalous r
decide if the result really

4 Which of the results 1s anomalous? E
result, and say what you would expec

5 If you did this experiment and prod
you do about t? How would this help you to

esult, what would

| «@? i,._.

Summary

easured by the amount of product (

¢ The rate of a reaction can be meastt
madain a given time Of amount of reactant used.
o Ifagasis made in a reaction, measuring the volume of the gas
: Pmd‘uced ina given time is often the best way t0 measure the rate of

the reaction.
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reaction proceeds. For example, in a re . oxide g
and hydrochloric acid, lots of bubbles of carbon di

an
< & 3 es fCWer
the start of the reaction. As the reaction comnnlI O:Ved down.
are produced. This shows that the reaction has s

T

n for the reaction o

Question
1 Write the word equatio 5
calcium carbonate with hydrochloric acid.

As carbon dioxide 8as is lost from the flask, the mass
of the flask and contents decreases. If you measure
the mass of the flask every 30 seconds, you find that
the mass decreases quickly at first. But as the reaction
continues, the mass decreases more and more slowly.

s the
m carbonat®

te C
, hat the rat¢ ©
If you measure the rate of reaction, you find t n calciu ;
tion betwee ven
actl as are g1 bles
d fCWer bub

off at

Measuring the rate of a reaction
by finding the loss in mass.

Using the graph ,

The graph can be used to measure the 2?}?2 :

rate of reaction at any given time. The diokde
produced

slope or gradient of the line tells you

how quickly the reaction s taking place.

The steeper the slope, the faster
the reaction,

The line is steepest at the start of the
reaction. This is when the reaction is
fastest. As the slope of the line becomes
less steep, the reaction is slowing down.
When the line levels oyt it shows that no
more carbon dioxide is being lost. This
means that the reaction has ended.

(@ 8 Rates of reaction

This graph shows
the rate of reactio
hydrochloric acid.

time
the results of an investigation into
n between calciym carbonate and

measuring
cylinder
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L Prepare a S

~ Prepare a table fo your peg

| Assemble your “(1\li])nu-n(_m]m'
3 Add the hydrochlopie acid: «

~ or volume, SR

After 30 secondls measure

'ou have three reqd; 8

y ave three readings that aye (]

1 arc the same
Questions

A1 Plot a graph of your results
changes over time l

8 .
2 Changes in the rate of reaction «

Bl

@

and puy )
e caled
art the lin(dl( m carbonate into the flask.
stmer and measure the initial mass

again, Repe: ;
‘Peatthis every thirty seconds, until

an eyl ; " -
and describe how the rate of reaction

| A2 What probl :
‘ ems ¢ ‘

fid you find when you carried out this recaction?

% C .

How might thes
ght these have affected your results?

A3 How could i
ou ° N EROT
you mmprove the rcliability of your results?

Why does the rate of reaction change?
We can use tl.le ideas about particle theory that you
Jearnt about in Stages 7 and 8 to answer this question.

Fora chemiceitl reaction to take place, the particles of
the reactants involved have to collide with each other
‘with enough energy to react together. At the start of a
reaction there are lots of particles that have not reacted.
Collisions happen frequently. This means that a lot of
carbon dioxide is formed in the first 30 second period.

As the particles react, the number that have not reacted

ets lower and lower. The chance of two unreacted
g with each other decreases. This means
med in the later 30 second

rate of reaction is slower.

particles collidin
that less carbon dioxide is for
periods. This means that the

all the particles have reacted. Th
the production of carbon

ere are no

Eventually,
more collisions that result in
dioxide gas. The reaction has finished.

Summary.

o Therate ofiaredc
o Theslope ofithe graphio
“of reaction-

o The more col

time, the faster the reac

tion changes_wit_h time.
fthe resultsisamea

lisions between particles.o
tion.

© hydrochloric acid
o calcium carbonate

Many particles and frequent collisions.

N/ °.
/

—>00<—

NS !
A AN

=9
[y, %

Fewer particles and less frequent collisions.

sure of therate

freactants thereareina given

: ‘
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_8.3 Surfacevarea_a”d th -

e it reacted wry )
When vou burnt magnesium ribbon in a Blmsc'-n- f:d;;::“ o nmgnf’hzf
duirkl_\;' with a white lame. Bugif you place a l,‘l!%"mgncsium g
in the Bunsen flame it docs not burn. If you I_Jldc,c iy
in the Bunsen flame it burns faster than the ribbon.

ine as the
Why does this happen? Think about what is hﬂPPmu:g ;lcg,qitltn atoms
magnesium reacts with oxygen in the air. Only the m'lgf block of
on ;Il(? surface can make C(;I)t;lcl with the oxygen. In't " . from the
magnesium, most of the atoms are inside the block, ."m;lc) on the surface
oxygen. In the magnesium ribbon, most of the atoms ; urface area
and react. Magnesium powder has an even larger total s action
and, because it has the most atoms available to react, the rez

Is quicker, "
. D tim
i - ces. Each
Small Pieces of solids always react faster than larger PIT o
o & . . ul’ .
You cut a solid into smaller Pleces you increase the total surle

P

W

-

-

v N xS

b

ter total surface area

much grea
af.

* .

The slices have a
than the whole lo

tongs and hold it in the flame of 3 Bypg

atula to gently sprinkle a few irop filings i

Bunsen flame.

A1 Compare the re
A2 Whyt eflect doe

of reaction?
A3 Explain the reasons for the change in .

actions of thege three for
S increasing the togq surface areg |,

caction rate.

ms of jrop,
Ve on the rype

of reaction

atom at the surface
atom inside

9

-
~ P
B R ol 0 o el

o B -
“’,"'.'-,t"' A
(3 )

At

Only the magnesium atoms
on the surface can react wity,

oxygen in the air.

In magnesium ribbon, more of
the atoms are on the surface and
can react with oxygen in the ajr.

to a
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3 Sul‘(l("(\ - «

n this activity you are going
P sie of picces of calcium (»1!;[
3 'hydrochlor]c, acid.,

(o i“\"‘ﬂlig-

ate the offee .
onate ( he effeet of changing the

marble o .
¢ chips) in the reaction with

o
~ You could use any of (]
1 methe
P/ 4 = > ) ) \ 1
B 104__107 for lncaSUFlng lia . (]\[ hll()\VI\ mn l()l)i(- 8.1 and topic 8.2
g . g e 5 ate of reqef; “ S5 ¢ opic 8.2 on pages
- wice, using different sizes of cqle; reaction. You are going l(l) do heri
2 = ~ale L 4 ] T expeyr >
B oy cut the same calcrum carbonate el B e experiment
¢ one for the (o o ate chips, Whichever method you
D CXpernments,

~ Answer these questi
A questions before you start (he experi
eriment.

Questions
: A4 Which reacﬁon d v ——
O you . 5 "
e Pastest? you predict will be
As The size of t :
5 be chan (gg Lhe_ pleces of calcium carbonate will
kept thegsam mvtfhe total mass of the picces will be
I e. Why is it also important to keep the
A6 What s W}l)e and concentration of the acid the same?
Ay e(li a;e the depende.nt and independent variables?
7 Read what you are going to do, and construct a
results table.

These beakers contain hydrochloric

acid reacting with calcium
carbonate. You will probably be able
to use flasks instead of beakers in

your experiment.

Add 5g of large marble chips to a measured volume of hydrochloric acidin a

conical flask.
Start the timer and read the vol
hree readings that are the same. Record your results car

f smaller chips.

ume or mass every 30 seconds, until you have
cfully.

at least t
3 Repeat, but this time use 5g O
Plot both sets of results on one graph.

| A8 Which line on your gra
| Ag Which size of marble chip reacts more
| Ato What happens to the rate of reaction as th
A11 What do you predict would happen if you repe

powdered calctum carbonate?
B

ph is steeper?
quickly?

e total surface area increases?
ated the experiment using

surface area increases. (
increaseiin the rate of reaction.
tion can only/take placewith

Summary. L .
e When a solidlumpiiscut into pieces, 1ts E

e Anincreaseinthe total surface area givesan
o The rate of reaction increases because the reac
the particles on the surface of the solid.

8 Rates of reaction
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You are going to investigate how temperatie It ca ;

of reaction between hydrochloric acid and @ S‘Lccause there 18 L ;

thiosulfate. This reaction is a good ong to use ' h drochloric aqid- and.sodium,

an especially casy way to measure its rate. fium ; Ahio;lulfate react together, sulfy,

If you mix hydrochloric acid with a solution O.f slo,cclausc sulfur > ’its formed. The Sl e e
515.22 ecipitat® liquid cloudy.

thiosulfate, the mixture becomes cloudy: Thi
be formed €

- ) it forms a P¥
produced. Sulfur is insoluble in water, so it {'o;fl_ 10
You can time how long it takes for enougl} SHE
make it impossible to see through the liquid.

] : : i fate
You are going to measure the rate of the reaction between sodium thiosul

and hydrochloric acid at different temperatures. Before you do this you Wl11
need to carry out a trial run. A trial run means you will carry out a practice

experiment to make sure you can do the experiment safely and effectively. You
can then be prepared and overcome any problems you find.

Safety: Make sure the room is well ventilated, because sulfur dioxide gas will
be produced. Place any reacted solutions into a container with some solid

sodium hydrogencarbonate for your teacher to remove later. This will react

with the sulfur dioxide.

1 Mark a dark line or a cross on a piece of paper.
2 Place 10cm’ of sodium thiosulfate solution in a test tube.
3 Add Iem® hydrochloric acid and put the stopper into the test tube
4 Place the test tube horizontally on the Paper over the dark crogg (Y
hold it in place with some sticky tape or tack adhesive). Time ho.w 1?)1;;??

takes for the line to disappear.

Qu‘estion

A1 What information did your trial l“ri gié ‘ou'“ =




: h t S‘el) iS Lo (1() S()Ille I)|el.rn]nar\‘r Ork to dec de which ((3(1\[)

T Bncx ) 1 2 . era]\ res )4

; ' 7]" use. lO chdnge the temperature ! lwl S (l' lll lvl}fil 1(: 1 ] | bc
.]e 1t 1S warm ]‘ g_ g ¢ aCld. Make surc t}lﬁle is a su l I i '

: DiSCuSS n your group hO\V

: : you wil s _—
.~ your plan discuss it with your te ;;Illio this preliminary work. When you have made

i‘t{l

Rt o [,

= & = £ £ O

How large a change in
temperature is needed
to give a reaction time
difference we can
measure?

Will we start the
temperatures at
room temperature?

Will we increase the
temperature by 5°C
or10°Cor20°C?

How big a range
of temperatures
will we use?

Questions i R R A RS
| A2 DSCI‘le Ax;/ﬁét yéu have decided to do as your preliminary work.

A3 How will this help you with your final investigation?

A4 Write the outline plan for your investigation, including a results table.

8 Rates of reaction ‘6
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A5 . 1S Wi alr test:
A5 How did you make sure this was a fair t
A6 Plot a graph of your results. I
A7 Describe the relationship between the temp

Here is a graph of some typical results for
the rate of the reaction between marble
chips and hydrochloric acid. This was volume of

carried out as in the previous topic. hydrogen
produced

You can see from the graph that you do
not get any more of the product (carbon
dioxide gas) at the higher temperature. You

and the ratc

Of rcactlon'

s

30°C

get the same volume of gas, but in less time.

1 How can you tell which line shows the faster reaction?
2

. i e
If you did the same experiment at 50 °C what would the line on the graph be like:

Explaining the effect of temperature

Particles move all the time. Whep the temperature of the reaction is increased the

particles move faster. They collide more often, and with more energy.

M /
R ™~ f \\_\l/,.
~090

-
Ve

R




AU O A nd e IO R =

! an experimeny witl
the same size and same 1y,
i Cenﬂ'auons of the acid, wh

' ! marble chipg
( ass of chips, (he san
at would

and hydrochloric acid,
¢ temperature but different
Youexpeet to happen?

shtration

ge the concentration of the

g the volume of e
roduced every 30seconds, h ¢ of carbon dioxide
You will use a slightly different method

measuring the rate of the reaeg
3 action — timj .

3 g iming how long it takes to
llect 25 cm® of carbon dioxide in the measugring cylingder

- measuring
8 o cylinder
- dilute =

- hydrochloric v

- l}?i/

marble
chips

timer

I ] is investigation.
cuss in your group how you will carry out this g

hings to be considered are:

ill you keep the same?
hips will you use?
ill you use?

::‘.0 Which factors w
. \\;hat mass of marbilj ‘(;
| : zt’g?slzrzi)l;?:n?fa?;r}s of icililh\i/vﬂi Ezlc)t\; 1zis?e?

‘ : ggligiaieedefs ?ou Z(z?iils rl(jn oryso?me preliminary work?
If so what do you want to ﬁnffiyc:)l:l: 2

‘Do you need to repeat any O . '
ned your investigation show 1t t0 yout teacher.

1en you have plan
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T reactio
((@ 8.5 Concentration and the rate of

el e
. acid you
the help you.

= Activity 8.5B S
N Canyingoutan investigation into the effect of.co

‘5 diluting

. . . l() d”s ")y R - ¢ Lo

1 Make up your concentrations of acid. Yf)u C.I(I}'(_ the followng tabl
have been given, Make up 50 cm? cach time. Usc

3 g
Iliolutlon I’Add/:c;n, Wate;/ocm least concentrated
e | =0 =
LC I 30 20
D 10
IIE II :Z ) most concentrated |

2 Sctup the apparatus as in the diagram. _ K
3 Weigh out the marble chips and place them in the flas '+ ¢ carbon dioxide.
4 Add the acid and time how long it takes to collect 25cm® o ;

5 Repeat with the different concentrations of acid.

Questions e R L
A1 How did you make surc this was a fair test?

A2 How did you make sure the results were reliable?
A3 Plota graph of your results.

A4 Which concentration of acid gave the fastest reaction?
A5 Describe the pattern in your resylts, }

Here is a graph of some typical results _ i_“.ﬂ‘]_‘f}i Ei ekper
for the rate of reaction between marble “h lghconcentratlan”
chips and dilute hydrochloric acid. In thig Hofacigyiy R
experiment the volume of carbon dioxide ! Pt

has been measured every 10 seconds, volume S e aRREEE,
. . i,' y ‘f' r ! : »;
You can see from the graph that you do 3{&{;}30" : ;"“I' Stk TH T
not get any more of the product (carbon s /i) QW'C,O”-C;E”W“O“; SiEadss b
produced s

dioxide gas) at the higher concentration, ?_Qo‘f-acfd“?'l i e
You get the same volume of gas, byt ‘ i

more quickly,

il

{

S
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astions
W can ymi'lcll P Nt o

% Wlll('h 1i B
u did the same SHINE on the g S
ince ot t;( SAME experimge, lh(.‘ Braph shows the faster reactior

1 the graph 1y lik(.'.,‘ 1 With even Jogg § ke iaalch reagtnne

P! Aless concentrated ac
: «dd acid what would

ning the e
ye can usce | ff'eCt - Concentratj
an usc particle theor on
her the cor USOR e help explain
> concentration of “plam these results
i . n of h \ SUlts,
Lieles there are in a gi ydrochloric aci
2 ven amyg “hloric acid, the more hydrochloric aci
quent collisions between hy 1.>um ol space. 1 hi’s mes S .
ydrochloric aciq p;u‘ti;:l(,s("\u“l \h?t'thcrc N
>s and calcium carbonate

tcles.

© hydrochloric acid particle
O marble particle

Reaction in dilute acid. Reaction in acid that is twice
s concentrated.

freactants isincreased, the rate of reaction (

Summaty.
tration 0
iven volume they ar

e As the concen
is increased- : '

o When there are mor¢ particlesina g
collide with each other.

e more likely to

)
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wcts, they want y
X 'y
You have see
-ature,

~ 11 produ
anufacturers make their P’Od
[hcy can.

e tempcl
C. .
11 thre many cars have catalytic

inst
s again itted to their e
But manufacturers h eraturc converters ik Xhaug
Increase in s seed of the reaction. Increasing the temp ing the systems. These favg sialysts
I z ; Increas Ay inside that speed up reactions
rface arce that help to get rid of harmgy;

. igh.
EXpensive because energy costs are hllgl o
. ing the
also xpensive. Increasing St. . .
be exp dd to the €O gases produced in the engine

When chemical m
make them as quickly and as cheaply as

that to speed up a reaction you could increase th
. S a
concentration or surface area. You could increasc
-0Ces
e proce
ave to balance the costs of the p

the
can be very
concentration can

involve a process of crushing solids, which could a

eaCtiOI’l.

t) to

! - < A ; a r
In this activity, you will look at a different way of speeding up

. break apar
Hydrogen peroxide is a colourless liquid. It can decompose (

produce water and oxygen.
hydrogen peroxide — water + oxygen

You can tell when this reaction is happening

because you will see bubbles

of oxygen.

1 Place a small volume (no more than 5cm?) of
dilute hydrogen peroxide in two test tubes,

2 Leave one test tube with hydrogen peroxide
This is for you to use as a comparison.

only.

It is a control.
Add a small amount of manganese oxide to

3
the other test tube. Record your observations,
Put the same volume of dilute hydrogen

dilute hydrogen

4
peroxide into four or five other test tubes,
Add small pieces of fruit, vegetables and /or peroxide
meat to each one. Record your observations, :

5 Recover the manganese oxide from your

you can do this. Hint: manganese oxide

second test tube. (Think about how
is insoluble in water.) Add this manganese oxide to another tube of hydrogen ,

peroxide. Record your observations,

Qustios , e
A1 Which of the jtems that
could you tell?




US'"g catalysts

rhe manganese dioxide made the pegey:
thP(‘" ‘:NH‘-”“‘“ 1‘[ the ll,\'(ll‘OL‘;(‘l\“ action
p‘,mxi(lc \‘\'ns‘]usl Ivlll onits own, B

(he end of lh(" reaction, the nml-\wul at
dio,\'i(lv was still there, A suhs(;\n::l‘csu
(hat speeds up @ veaction, but yemgg
ull(']m”g"d at the end of the l‘(vu‘l('“nS .
called @ catalyst, action, s
Catalysts ar¢ often used o speed up
peactions 10 industrial processes, 'I‘L )
same culn!)'.s:l can be used over i\li(l ;
again. T'his is usually much cheaper l\lu
sereasing the temperature, o

Enzymes

You learnt about enzymes when you studied

digestion. Enzymes are biological Cat'x]l( 1ctc
[nzymes help to speed up most of the ;0'3,cstics>.
 that happen in your body: For example (;(117 ,111]1;
~are used to speed up the breakdown o[‘, lhc‘)
molecules of food in your digestive system so that
ou can use absorb the small molecules into

your blood.
- Hydrogen peroxide is formed as a waste product
in many reactions in the cells of plants and
~animals. It is poisonous and i it is not broken
down to harmless water and oxygen quickly, it will
kill living cells. All living cells have an enzymec,
called catalase, which speeds up the breakdown
of hydrogen peroxide. That is why all the fruits,

vegetables and meat you ad
~ broke down the hydrogen pcroxidc very quickly.

_ Questions
1 What is another namce for
2 What sort of washing pow

B}Jbbles of oxygen gas are
given off as the hydrogen
peroxide breaks down
slowly on its own.

ded in your experiment

a biological catalyst?

der has a catalyst in i?
fitted to them?

When manganese oxide is
added the breakdown of

hydrogen peroxide happens

much faster.

EE—— SR
“Excel65

Biological

Outstanding Cleaning from as low as 1

* Enriched with cool clean ingredients

=

* 2x concentrated detergent* [

Some washing powders contain enzymes. They are
called biological washing powders. They help to
break down stains, such as food and blood.

3 Why do cars have catalytic converters

Summary
o A catalystisiasubstanc
o Acatalystisnot change

and re-used.

ewhich speedsupac
d in the reaction andc

hemical reaction.
an be recovered
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. 1
: qent showr
- cxp(,nm(,rd S arble
pate. In't dere
«
1P*
ble chips,
loric acid

Foais wu'b()
3 ~ 15 calciuim Ce
The chemical name for marble is cal mnall mar
P g f marble lumps, s
below; equal masses of mar

8.1
2 hydroch
were placed into cqual volumes of dilute hy

. ?
2 " In which beaker will the reaction be fastest? | s
Explain why you think this. . ate and dilute acid occurs,
When the reaction between the calcium carbon o5 his gas snd what
gas is given off. How would you test for

[of
carbon dioxide e
would tell you that the test is posmve? ' vion?
d  What g the name of the salt formed in this reaction;

nesium ribbon
8.2 Samuel was Investigating the reaction below. He placed 4gt 0f}(“;2§ thésmabrcsidin
Into a beaker of dilute sulfuric acid. He timed how long it too

to ‘disappear’. It took 45 seconds.

sulfuric acid

gas

magnesium

® warming the aciq

® using 2g magnesium ribhop,
® stirring the mixture

* adding water ¢, the acid

@' 8 Rates of reaction
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8 End of unit questions ««gﬂ
Bahula investigates the

hydrochloric acid. ate of reaction 1,
Clween magnesium and Al

MIDM ﬁ""‘@)

dilute acid

marble chips

She measures how mu
ch is ol
gas is given off every 30 seconds. The graph shows her results.

707“ T

60

50

volume of 4,0
hydrogen gas
collected / cm? s04:

204

104—

350

°o 50 100 150
time/s
a How long does it take to collect 30 cm® of the gas? i
b How long does it take for the reaction to finish? | | i
¢ Describe how the rate of reaction changes over the period that the reaction
R 5
taking place. oy g [
d llireadi;gvﬁlat would happen to the rate of the reaction if Bahula increased
! 1y
(3)

ure of the acid.

the temperat . .
to d using particle theory.

e Explain your answer

8 Rates of reaction ‘@\




