(" When we walk past a fast food restaurant, we are often drawn in by the smell of fried chicken
or fries. In contrast, when we walk past a rubbish dump, we find the stench unpleasant. These
are both examples of diffusion of particles, which enables us to detect the pleasant
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Conditions That Affect tﬁe Rate of Diffusion
Effect of Temperature

Particles have more kinetic energy at higher

Disciplinary Idea _temperatures. This means that particles in liquids
and gases move more quickly, as compared to

ﬁﬁﬁ?ﬁfﬂ?ﬁ particles in solids. This is also why hot liquids and
the rate of diffusion gases diffuse faster than cold ones. The smell

also increases due to the from a pot of hot stew can be detected from a
greater average kinetic further distance than when it has cooled

energy possessed by (Figure 2.22).

the particles.

We can observe the effect of temperature on the
random motion of particles in Let’s Investigate 2B.

Figure 2.22 The smell from a pot of stew diffuses
faster when it is hot than when it has cooled.



rticles of (2) After afew minutes, both

bromine are LY =] g— gas Jars appeared to be of
eavier than alr. = _ ) the same shade of brown.
In the absence of — B —— No further change was
random motion, observed.
the brown bromine  particle 5
apour should of air 0 0 ) The particles of bromine
remain at the o = and alr had spread evenly
bottom when throughout the gas Jars.
the glass cover Is particlesof Though the particles
emoved. e remalined constantly moving

across the gas Jars, there

However, because was no overall change In

of random concentration.
motion, some of
the particles of —>
bromine started after glass cover
to move upwards is removed
Into the gas Jar Diffusion occurred faster at
on top. Similarly, higher temperatures as the
the particles of particles possessed greater
alr moved In the Kinetic energy.
opposite direction. _ _
air + bromine
A
(a) At the start of the experiment (b) At the end of the experiment
Figure 2.23 Diffusion of bromine gas




Effect of Particle Mass

Since particles with greater mass will require more kinetic energy to move at a given speed,
‘ heavier particles will diffuse more slowly than lighter particles at any given temperature.
This is true for both liquids and gases where the particles are free to diffuse, but not for solids
where the particles vibrate or rotate only about fixed positions.

\/Particles of chlorine have a greater mass than particles of nitrogen dioxide. Hence, chlorine
iffuses,more W than mtro%eig tg_ B xide when in}rcgu into a contﬁlner of air.
ere's a rence € rate or airrusion wnen we are

dealing &qﬂg [Larticles of heavier mass.




Helpful Note

The mass of particles can
be quantified using the
relative molecular mass
(M,), which you will
learn about in Chapter 7.
The M, of hydrochloric
acid is 36.5 while that of

ammoniaic |7

(1) Hydrogen chloride gas vaporised from the
concentrated hydrochloric acld and ammonia gas
vaporised from the concentrated ammonlia solution.
The gases diffused from the ends of the glass tube
towards each other.

cotton wool with cotton wool with
hydrochloric acid white ring aqueous ammonia

—_—
- -
_.-

@ When the two gases met, they reacted to form white
ammonium chloride. The white ring formed was nearer to
the end with hydrogen chloride. This Is because the lighter
particles of ammonia move faster than the heavier particles of

hydrogen“ﬁl'b?fde )
e/ [£S 01( 2Wmoy, ] 3% /fj/’tﬁf'.

Eianre 2 24 Diffusion 'of hvdroaen chloride and ammonia




Table 2.2 Conditions that affect the rate of diffusion in liquids and gases

T BN

Increase in increase More thermal energy is converted
Temperature to kinetic energy of the particles. Chemistry Connect

Increase in decrease Particles with higher mass require Launch this resource to
Particle Mass more kinetic energy to move at observe how pm'uda
the same speed. behave under different
conditions.

Practical Examples of Particle Movement

We can alter conditions like temperature and particle mass to change
diffusion rates and their effects on the change in state of substances in our
everyday life.

Tea

When we add a tea bag into a glass of water, we observe the movement of
coloured particles of tea spread through the liquid. The colour of the liquid
slowly becomes darker, but stops after some time when all the liquid have
become the same colour. Figure 2.25 shows how particles of tea diffuse
through a glass of water.

(2) The particles of tea move away from the bag,
towards the reglons In the liquid that have
lower concentrations of tea.

(1) When ateabag
Isplaced ina
glass of water, the
particles of tea
diffuse out of the
bag and Into the
water,

@ Eventually, the concentration
of tea becomes the same
throughout the cup.

Figure 2.25 How particles of tea diffuse through a glass of water



Tea

When we add a tea bag into a glass of water, we observe the movement of
coloured particles of tea spread through the liquid. The colour of the liquid
slowly becomes darker, but stops after some time when all the liquid have
become the same colour. Figure 2.25 shows how particles of tea diffuse
through a glass of water.

@ The particles of tea move away from the bag,
towards the regions In the liquid that have
lower concentrations of tea.

(1) When a tea bag
Isplacedina
glass of water, the |
particles of tea
diffuse out of the
bag and Into the
water.

W hen does the frocess
(3) Eventually, the concentration St g /4 ?

of tea becomes the same
throughout the cup.

Figure 2.25 How particles of tea diffuse through a glass of water



Cool Career

Perfumer

Just as artists might
choose various colours for
their paintings to evoke

a range of senses, skilled
perfumers blend chemicals
with different volatilities
to create layered effects

of fragrances. Initial
smells of perfumes are
made from substances
which evaporate faster
and whose particles travel
more quickly. Chemicals
which have particles of
greater mass travel more
slowly. and leave a longer
lasting impression.

Word Alert
volatile; turns into a gas
casily

Perfumes

A perfume is a fragrant liquid comprising a blend of substances. As seen in Figures 2.26 and
2.27, some of the substances are extracted from natural sources, while others are made in
laboratories.

Extraction of natural fragrances A perfumer creating a blend of fragrances

Figure 2.28 shows how the particles of perfume diffuse through the air.

The perfume vapours diffuse away from the bottle,
through the air and eventually Into our noses. At higher
temperatures, the vapours diffuse faster and we can
detect the fragrance more quickly. ;
1 ) When liquid perfume
Is sprayed out of
the bottle, the more
substances

VBpOﬂSE almost
Immediately. The other
substances fall as

liquids onto the surface
of the skin.

How particles of perfume diffuse through the air



~— Let’s Practise 2.2

\/ 1 When an apple is removed from a refrigerator and is left on a table for
a few minutes, fine droplets of water a \J)ear on the apple. Describe

how the water droplets are fonned
\/ 2 Air fresheners are commonly used when odours are detected in a
room. Would you expect the fragrance to be stronger on a warmer or

cooler day? Explain your answer. (H ﬁﬁr te MP eratuy, /ga,

However, the smell of a gas leak from the kitchen stove clears very
quickly. The particles responsible for the smell of curry and cooking
gas are shown in Figure 2.31. Using the kinetic particle theory, suggest
why the smell of curry lingers far longer than the odour of a gas leak.

smell of curry (M, = 138) of cooking gas (M, = 48)

have ¢qonole nsd.tlon)

\

ds 1o ﬁz ber rate of o Fhusse
|/3 The smell of curry lingers in the kitchef long after it is cooked. LLAUS i‘éa fwz Jes }I&Vf WoVe

Hine

/¢ Eﬁerj 4.

" sz 1S gasar for CHES o
) . . Figure 2.31 Link
-9 * - .
,. 9 ‘gf C2Use| 17 /S Theory Workbook
) \ Worksheet 2B
s s /7/ ey Wtk
Particle responsible for the Particle responsible for the smell Let's Reflect




Let's Map It

describes

[ States of Matter

Kinetic
Particle
Theory

which are
I S— —
Solid Liquid Gas
« Definite shape « Indefinite shape « Indefinite shape Diffusion
and volume but definite and volume
- Cannot be volume - Can be compressed
compressed as - Cannot be as particles are
particles are very compressed farapartin a
closely packed in though particles disorderly manner + Spreading of
an orderly manner are less closely « Particles move ink in water
« Particles vibrate packed than in a rapidly and « Spreading
and rotate about solid, and arein a randomly of perfume
fixed positions disorderly manner + Particles possess 4cross a room
- Particles possess - Particles slide high kinetic energy
very low kinetic past each other - Very weak forces of
energy throughout liquid attraction between
- Very strong forces - Particles possess . Pparticles j: L
of attraction low kinetic energy a Lower Higher
between particles + Strong forces particle mass 1emp‘?erature

of attraction

between particles

-

S Sanass




Section A: Multiple-cholce Questions
In Figure 2.32, p, Q and R show the particle

arrangements for a substance at different
temperatures. Use the figure to answer

Questions 1 and 2.

(“.
~ o
'C'\ . (\
Q R
Figure 2.32

\/1 Which of the following shows the state
change during melting?

p == 83 Q™= p
g Q™= R D R™=Q

|/2 Which of the following shows the state
change during sublimation?

p™=R B Q"=p
R™= P D R™Q
1/ 3 A solid is heated until it melts into a
liquid, and then boils into a gas. Which

of the following lists the three states of
matter in order of decreasing volume?

D gas,liquid,solitﬁ gas, solid, liquid

©c liquid, solid, gafYp solid, liquid, gas

Section B: Structured Questions

1 Figure 2.33 shows the temperature
of gaseous substance 7z as it is cooled
over time.

Temperature / °C

| subl(mation

Q— R

(aﬂ&/éﬂsatmy 97

treezing. .
’ 4

Time / min
Figure 2.33

(a) Name the two processes occurring
between pointsQtorandstoT.
(b) Explain, in terms of the kinetic
particle theory, what happened
to the particles in substance Z

fromRtoT. &25 /bm;'a /gS éﬂﬁ ome SO/fd( dl
2 Explain the following observations in < Vel y ?’4’ /¢ /7/ mtg

terms of particle arrangement and/or
their movement, including any energy




I©n gas, liquid, solidfDe  gas, solid, liquid
©c liquid, solid, gagIp solid, liquid, gas

\/ 4 Based on the kinetic particle theory,
which of the following processes

does not absorb energy from its

,/ 2 Explain the following observations in -

terms of particle arrangement and!or@ E ner %ﬂ fS‘ ﬁ,bsﬁi’bﬂd .

their movement, including any energy

changes, where relevant. .., , Ve m g&t of 14 e /95 Ine rea.ses.

(a) ice cream softening when remo

from the freezer ¢ A P
,An smell emergin arranggment Afcom:fcs{

_ from eggs frying .
?
T . 2o Pariieles yaye fastaio—brglised
O boiling B condensation V() wet clothes drying faster when ue to ¥ ry,r 7 l‘n clea,se J (e
O melting D sublimation e hér ~ hung outsideonasunnyday  © dr{t Ussron I ¢ ;
4 b SO 1p)) compared to a cloudy day m 7. € Zo (rease 11
5 Two gases, X and Y, with distinct partieles move {astey. '1'“ Per ateme.
smells were released from their closed 3 Figure 2.34 shows the set-up of an hydrogen
containers at the front of a room. experiment involving colourless A=
The time taken before it was detected hydrogen gas and brown nitrogen
at the far end of the room was recorded. dioxide gas. A particle of nitrogen glass
The same experiment was repeated on dioxide is 23 times the mass of W Y [ cover
a warmer day. The mass of a particle of a particle of hydrogen. . 2 p
gas X is about half that of gas Y. In which @ fangfa_/iﬂ koﬂij‘ W/ // movg o[ Zﬁ/ Sﬁg‘;ﬁ P& fﬁd/ﬁs 197"( /6{2
of the following will the gas reach the far (a) scribe what happens when the | dioxide 4/ // Hoye ﬂ/ﬂ W,
end of the room in the shortest time? glass cover is removed. gas 7 7S /
(b) The experiment is repeated but ow pRel°
- m with the positions of the two gases Figure 2.34 J H{?{ ussi .}w '
A X cooler switched. How would your answer i 2 //’ Wy //
warmer 4 -in(a) change? Explain. ' 4 /ﬂ/ 2clf
. - hal il WE faye poual conn
C Y cooler Mass Wﬂfﬂ?@/ C{Eby - ?’ Y 7u
o D Y warmer 0 2///ém 45}{ Zéf ZK/AE

Q the end the result will be the same (diffusion until equal concentration everywhere), but at a much faster

- - - h ] - - - - - - -




4 25 cm? of distilled water and 25 cm?

(3) Some particlos
of water ra.pon'sé'ﬁ

' S
|. L ;
"

ethanol

water

Figure 2.35

The motion of water particles
will make them vaporize

@The W’?O]e Proces_s wl'”
pace,sice 1 Tilse 0

Cempeydpup nereises the @
rate of difiussion.
Also at the same time, particles

of water and ethanol will (b)
vaporise as well.

of ethanol were transferred into a
measuring cylinder. Figure 2.35 shows
structure of a particle of water
ethanol.

(a) Thevolume reading shown on the

measuring cylinder was less than
50 cm’. Suggest why this is so, based

_on your knowledge of the kinetic

Study the arrangement of the

tafie

5 Distri
increasingly used in Singapore as it is
more energy-efficient than traditional
air conditioners.

particles in pure water, pure ethanol
and in the mixture.__#—‘
WEaH T

[/(b}"The measuring cylinder

(b)

(€)

left to stand on a laboratory bench/Z. e.

near the window on a hot day. After
two hours, the volume reduced

ng systems (

DCS uses chilled water to cool
buildings. Explain, in terms of

the kinetic particle theory, what
happens to the particles in chilled
water when they encounter heat in
the warm rooms.

Traditional air conditioners

use refrigerant gases which

are constantly condensed and
evaporated in the air conditioning
unit. Explain what happens to the
particles of the liquid refrigerant
(within the unit), when they

Hr e d i vy

Tom thinks that the particles in

the ice are the heaviest particles
and the steam at the mouth of the
boiling tube are the lightest. Is Tom
correct? Explain your answer.

Jill thinks that because steam is hot,
energy is released when water boils.
Is Jill correct? Explain your answer.
It was observed that when the
boiling tube was heated at the
position shown, steam was formed
quickly. However, the ice wrapped
in wire gauze remained at the
bottom, melting only some time
later. Using the kinetic particle
theory, explain what happened to
the particles of water within the
boiling tube.

2 Figure 2.37 shows the set-up of an
experiment at the start and at the end.
(Assume that the particles of the
pumped gas have a greater mass than
the particles of air.)

gas

porous
pot

air

beaker

e | |




