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What are the best conditions for growing the biggest crystals?

A ZAF T A BesE i BRI Fh i 2

Introduction

BefEULH

There are four simple parts to the Global Experiment. These instructions will guide you through them.
FATH A BRI AT PUAN AT B 23 o VR AT DA b R 15 B 0 3R 5 iz S 56

e Part A: Dissolving and saturating your samples (Practical)

o AR RRRAEME. A (S2EO

e Part B: Growing crystals of your samples (Practical)

o BRI ErEAE (SREO

e Part C: Sharing your data — post your results to our global interactive map (Results)
o CH: EARKIESE - Ka R A B RATH BB (455

e Part D: Analysing the website to discover the best conditions (Conclusions)

o D rHrMEEdE, SRR RERM (S50

We have included some background information on the importance of crystals in everyday life and
teacher/technician notes for further advice at the end of these instructions.

FEMEEATES B T — e SRR, ARAT A T SR AE BRATH W A Th A B2, 25 BE S WAERAE U W
ER N EUITEs ZNAEPIIR
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Chemicals
A 225

Samples

A

Table Salt

=i

(sodium chloride, halite)
(FAEN. D

Health and Safety
RESRZE

LOW HAZARD
KEH

(do not consume, risk of contamination)
(@515 S N R )

Availability

AR

Readily available in supermarkets
A

(saltpetre, nitre)

(contact with combustible material may

Granulated Sugar LOW HAZARD Readily available in supermarkets

WrE KEE A &

(sucrose) (do not consume, risk of contamination)

CHERE) (NEEidEfr, TTREAR 5

Epsom Salts LOW HAZARD Readily available in supermarkets,

VEEN RfaE pharmacies, chemical supply companies
(magnesium sulfate, and online retailers (eg Amazon)

can be used as bath salts) (AREHERD) T 2 EEA R A R R AE AR
(BREReE, T H/ERED T AR (e i) A

Potassium Nitrate OXIDISING Readily available from chemical supply
RS AR companies and online retailers

(eg Amazon)

(BRERERH . 5D

CHETREN . AHA) cause fire) {2 LA ) e A 2 25 TR A (T
(5 G Emnr sl RReE. AredEe) i) B

Alum LOW HAZARD Readily available in supermarkets,

B KfEE pharmacies, chemical supply companies

(Aluminium potassium sulfate, and online retailers (eg Amazon)

potash alum) (AREERD) T 2 EEA N A F AR E

BRI D) H%

If you are planning on taking part in this experiment, we advise you to acquire all these samples.

AR AE S INIZ TS, VAR TR  SE A FEAS

Eyes: Wear eye protection.

MRS fRIEBT 375

It is advisable to wear safety glasses with side shields for this experiment.

BITRURES RS ETR AT B Z &0 RS,

For more information, please refer to the general guidance on health and safety at the end of these

instructions.

N TEZER, ESHARYISRA KRS 2R .
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Background on crystals and their importance in everyday life

mRRIR KR H W AE P E R

Crystals are all around us in everyday life. They range from common and inexpensive items such as salt and
sugar through to expensive items such as diamonds and other jewels.

H ARG, S RRE AR T L o i ) )RS0 5 R AR R 2 BN 55 B (0 Bl AR

Almost anything can be made into a crystal through the process of crystallisation. Most commonly,
crystallisation is the (natural or artificial) process for the formation of solid crystals from a solution. It is
possible to grow crystals in other ways too, such as allowing metals to solidify from their melted states. The
electronics industry relies on growing single crystals of silicon in this way.

25 I FE U] DL AT AR PUAC B A o e LB 45 i CORARBIN ) Ry A N B 25 di ik . it
A eI, eIk MBS A T o R M A A P A 75 3 ) s B o

Crystallisation is also a useful chemical technique to separate or purify a solid. This is done by dissolving the
sample in a hot liquid, making a saturated solution. Anything that does not dissolve in the hot liquid can be
removed by filtration and what remains can then be to grow pure crystals which can be collected and dried
(figure 1).

G IR — A LA BOR, W T 2> B s i R AR A T b, R R AR . T iR
IREEATE FII5T, TR AT FORAE R Y B A, SRR R IFAE . (B D

Definition

3%

A crystalline solid is made up of atoms or molecules which are arranged in a repeating pattern and stacked
over and over again, very much like a three-dimensional brick wall (or several layers of stacked marbles on
top of one another). In many ways, looking at a crystal is the closest the human eye will ever get to observing
the order of atoms and molecules.

25 AR R 7 B T e R E S R HER, R =R (B R HER R . |t
0L, i A A B 230 AR AT DA BB L% 2 ) S 145 201 HEB U U R A0 R
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History
iLd

Just over a hundred years ago, father-and-son
team William Henry and William Lawrence
Bragg first showed that X-rays can be used to
map the positions of atoms within a crystalline
solid and determine its three-dimensional
structure. This process is called crystallography
and, to help celebrate this discovery, 2014 is the
International Year of Crystallography.

—H R, BT R 57 A8 - A B kg A
TRESEUER] T AT DUH X S ke il 25 &b [ 44 Y
WIEFIINE, WhEH = gE . I R g
R, APRBLIX — R, 2014 S48 E A A E bR
RS

The two Braggs were awarded the Nobel Prize

Figure 1
for this discovery in 1915 and, at the age of 25, B 1

Lawrence Bragg is still the youngest ever
winner. Since this discovery, nearly 30 Nobel

Prizes have been awarded which have used VRTEREL , —FIERS T R R I R
crystallography.

Single crystals of lysozyme, a protein found in hen egg
whites

1915 4, Atk ¥ B9z A DL 3R A5 5 DUR
2, SR ARSI AR 25 %, BONDISE B
W IUREGE. WE, AL 30 A7k IR
R THAS o T AT
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Examples
25

Some of the largest crystals ever discovered can be
found in the Cueva de los Cristales in Mexico; some
are taller than three human adults! The conditions in
which a crystal is grown can affect its size and
shape and this can affect the sample’s overall
properties. The same atoms or molecules can be
arranged in different ways within a sample (known
as allotropes or polymorphs) and these also affect
the sample’s properties. One of the best known
examples of this is diamond and graphite - both of
which are made from carbon (figure 2). The
structure of carbon in diamond prevents it from
conducting electricity but it is well known for its
hardness; this is determined by the chemical bonds
between the carbon atoms. Graphite, on the other
hand, has a different carbon atom arrangement
which does allow it to conduct electricity and also
means that it is much softer than diamond. In fact,
because of its softness, graphite is often used in
pencils for drawing as the layers of its atoms can
easily slide over each other.

1241k, NIRRT o R RK e A KA 2
VERFA RK R s Horp—Se b = AN e N B ke kit
L AR AR S N SR, B
SOMREA IR AR R . — NFEA A ) 1 B 1 B0
HeF T3 SR USR] CFR 9 [R) 32 57 B o 22 )
FARFPE R IR RZ BT, B3 A BT e R B A A
5, TEWRBRAR (B 2). BiA e
ARET L, (HEEREARE; X i 1 AR S B
SEM . H—JrH, ASAEARBBE T, A
RETH, MHILE A ERNZ . FLb, AfthK
NI, HRREIERE, BOVHR TR Z 18K

Za IR

Crystals are important in society today because
they are used in many everyday products including
washing powders, medicines and electronics to
name but a few.

YA S SRR AR EERE, RO H AR
PR Z ARIUH AR A, e . 299, BT

S
S AR o

The industries that produce crystalline materials
and ingredients must ensure a consistent behaviour
from their products. All of the variables in the
process of crystallisation must be carefully
monitored and controlled so that it can be
reproduced.

A7 G R JSURT SR AR A7 MV 06 ZBURFG 87 it ) — Bk
2 FE P I AT AR B WA AR 42 ] DL AT A
H il

Figure 2
K 2

Two of the allotropes of carbon; diamond (left) and
graphite (right)

BRI PIA R 3R IR B ) MR D
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For example:
=4t

*  Aspirin is absorbed differently by our bodies in
its different crystal forms
o ] G AR i T AN [R] 2 (5 A Aox e B S e AN R
GEIGIR

. Ice cream has to have a consistent crystal size

and shape to ensure the right texture, flavour
and shelf life. Small crystals make a smoother
ice cream. If you leave ice cream in your
freezer for a long time, the crystals grow large
and it doesn’t taste as good!
VKT ZEEAT R/NFITOIR — B din s, A ek
WEHAIE BT FIRANOR BT IR/ N S A fE
TR HRGE M, AH a0 AR DK AR H SO I [a) it
K, BIEKR, WRIEMAI AL T .

e The electrical properties of single silicon
crystals are useful for semiconductors and
computer chips in our phones, televisions and
computers

FHU A 0 A5 P ) > A B gt A

FI 7 B 00 L TR

e The pearl-like sheen of many cosmetics is
dependent on the right crystal form
TR 2 A b 2B B 6 3 2 R T3 2
AR AR o

In the Global Experiment 2014, you will be
performing the process of crystallisation on many
readily available samples at home or in schools.
You will see that the samples behave very
differently and will be able to compare your results
with students around the world to see the global
picture.

£ 2014 EFRSER T, JRAT EAE AR 248 5K L el 2
R T P A5 AR AR 58 J A S 6o R TT DAL RE A
RIAFRDL, IPR RIS RS 2Bk & A AR AT B

B
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Part A: Dissolving and saturating your samples

AFRGr: BESWANRER

In this experiment, you will find out that each
sample has its own unique properties. You have a
choice of five different samples (table salt, sugar,
Epsom salts, alum and potassium nitrate) to make
into a saturated solution. Once you have chosen
your sample, you will need to carry out the
experiment three times to obtain an average and
record your observations.

AR, AR RIUAEEAEAT LA . AT A
MBEAAFEREA AR — (Eh. . B ¥
Bl WERED, MTHIEBRMER. #E THEAZ
Ja, PR EM =R, AHCFE, DR
R

A saturated solution is one which will not allow any
more of the sample to dissolve at a particular
temperature.

VR RV T 8 AE — 58 T BE T AN T 40k S V3 8 A 1) W
o

o If you are taking part in the experiment on your
own you will need to test all five samples
MBERARN NS H 55, X 5 MAEARES TR 2t
70K

e Within a class, working in pairs you can
experiment with one sample and report your
observations back to the class. Collaborate to find
out other people’s results

WERRZEPER b, AT A—4H, WS —MAEA, K
R RGP . B A AE AR H A S 45
o

Please post your data to our website.

TERHAR R 285 R R AT E AT R o

Materials

Rt

Clear plastic disposable cups (or similar, eg
glass beakers)

—IRTEEWIERIAR (BRI, dnBE R

The five samples: Table salt, sugar, Epsom
salts, alum and potassium nitrate (% a cup of
each sample is plenty)

5 FpEEA: frih. BE. EIE.
MNREARA Yo B T])

Teaspoon (or spatula)

WAL, AR (&

AR (EN
Cold tap water
IR E RIK

Small measure (measuring 40 cm3 is required,
eg. a measuring cylinder, beaker or clean
medicine syringe)

N R

1 FUNEH (Ffgs 40cm®, W,
R S A

Balance or kitchen scales

1A RAP AT

Thermometer

R
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Procedure

BB

1.

Accurately measure 40 cm3 of cold tap water
into a clear plastic disposable cup and record
its mass (record this in the student worksheet
provided [A]).

W 40em® FokoK, BEN U i R
M, s E GARSAERNEHZA LR
[A]).

Carefully add % of a teaspoon of your sample
(table salt, sugar, Epsom salts, alum or
potassium nitrate) to the cup of water and stir
for 30 seconds. Once dissolved, continue
adding % teaspoon measures followed by
stirring until no more of the sample will
dissolve. & B ELbE /D T Ya e AR (&
g BEL B PIUIEE IR - R F R AR
AN, $iH: 30 B FREMIG, ARV
RAHFEIREA IR RE, B RPEARAN RSV .

Measure the temperature of this saturated
solution (record in the table [B]).
WM EAZMEAE R IR E (G RAERRE([B] LD

Record the mass of the cup and saturated
solution which should clearly have approx. ¥4 of
a teaspoon quantity of solid sample sitting at
the bottom (record in the table [C]).
WM T SEAE R R, WU A
Ve REFEABEAREAR GEs T R#K([C))

5.

Calculate the mass of the sample required to
saturate 40 cm3 of your local tap water (record
in the table [D]).

THE A 40em3 [ Sk K AN T 75 AR A i &
ez TE#&[DD.

To ensure your data are consistent, repeat
steps 1 to 5 twice more or compare with class
colleagues.

NEOREHE — 3, EREBREMIOEER 1-5, 5
WA 5 PE B R kAT E L

Using the student worksheet, calculate the
average temperature of the saturated solution
during the experiment [E] and record this for
posting to the website.

fE AR e R, THE SR I AR Hh v AN R
R EEIFCS,  DAME A A 2 p k.

Calculate the average mass of your sample
needed to saturate 40 cm3 of your local tap
water [F] and record this for posting to the
website.

WAL 40em® [ SR K MR BT 5 BE A 1745 )57
BFPFds, PME B R R

Gather the data for all five samples and record
this in the overall conclusion.

KA S MEEAREIHCR T 2 kst
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Part A: Dissolving and saturating your samples

AFRGr: BESWANRER

Student worksheet I =221
AR B A2 e e

The sample | am testing is: TR AL FI I 1 ooeeeeee ettt

Result 1 Result 2 Result 3

gR1 &R 2 #R3
Mass of disposable cup and 40 cm3 of cold local
tap water (g) [A]
—IRPEFFFAI 40cm3 E SR/K L6 R B (9)[A]
Temperature of the saturated solution (oC) [B]
RAEBRIIREZ(°C) [B]
Mass of saturated solution and cup (g) [C]
WABEBEMTHRIERE (9) [C]

Mass of my sample needed to saturate

40 cm3 of cold local tap water (g) [C - A = D]

f§ 40cm3 HRKEMPT /LA TR [C-A=D]
Average Data

FEE

Average temperature of the saturated solution
(0C) [(B1+B2+B3) /3 = E]
PRV P % (°C) [(B1+B2+B3) / 3 = E]
Average mass of my sample needed to saturate
40 cm3 of cold local tap water (g) [(D1+D2+D3) /
3=F]

£ 40cm3 B KoK M BT 7 B A B F 39 5 & (9)
[(D1+D2+D3) /3 = F]

10
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Overall conclusion for posting to the website
ol ot N b RS b

Table Salt Potassium

] Nitrate

FHERS

The average temperature of the saturated solution during
the experiment for each sample (°C) [E]
BAEAAE LIS R T BRI AR A 5 (° C) [E

The average mass to saturate 40 cm?® of local tap water

for each sample () [F]

8 40cm?® B RAKHLAN ) #-AE A P25 S (g) [F]

Could you tell the difference between the samples if they were not labelled?
N RAEABATWRRAS, AREETE HH i X e 2

If an unknown sample was used to prepare a saturated solution with average properties [E] 8 'C and [F] 9.5
g, which of the five samples do you think it could be?

PSR AR I A R KA AT B AW, T 2R N[E] 8°C, VR & A[F]9.59, RIAAIZAFIREA T fE
& 5 MR A R — AN ?

11
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Part B: Growing crystals of your samples

B #4r: B @ik

You have completed ‘Part A: Dissolving and Materials
saturating your samples’ and will have seen that the y b s
five samples have very different properties. In this .
P y prop e Kettle (hot water required, needs adult

experiment you will be making a saturated solution
at a higher temperature and then cooling it down so
that some of the dissolved material comes out of
solution in a crystalline form.

supervision) [Potential burns/spill/slip hazards]
Kz CHREHRK. FHBRNEYD) [F 720,
T W B LR SE K]

TESER “A 55 BIRSWAER” 5, KSR 5 e Thermometer
FHREA B S o 76 B RO SEoe v, R HIAE & T

IRV, 2R G, — S AR AR5 2 LA
PRI AR 70 B K

All five samples should be tested by the class (or
individuals).
SHE (BN BOZ5E A 5 FRE A ) SE5 .

e Do you think the amount of sample that
dissolves in hot water will be different from
cold? Why?

RN TR il 5 % KIS R IR A B 2 B 2 A
[ yfta?

e Can you predict which sample will grow the
biggest crystal?
AR e T OB b A AT R A SR KPR i A 2

After a week of crystal growth you should post your
most successful result from each sample to our
website (in the unlikely event that you get no
crystals, please post this data also).

gk 1 AR ERARA, RTINS ik R R
D2 R EAE B IRAT MG Nz A 2 A i
WHIE L, AR I AE L, WIER AR AR
.

Container/cup (eg glass beakers, styrofoam
cup or clear plastic disposable cup)

BRI T CHNIIRA  CRUN A . — I3
HISERLAR)

The five samples: Table salt, sugar, Epsom
salts, alum or potassium nitrate (*2 a cup of
each sample is plenty)

5 FbEA: frEh. BE. B, L. MR (&
L= ERZY (NI

Teaspoon (or spatula)
AR (EN

Small measure (measuring 40 cm3 is required,
eg. a measuring cylinder, beaker or clean
medicine syringe)

N CTERESE 40cm3, i

= FHE S %)

BERR B 19

Filter paper (or paper towel/kitchen roll/coffee
filters)
PEAR CEER /)5t 5 4R i ek g 4RO

A thin wooden food skewer (contamination: do
not re-use)[Potential sharp stick injury]
HEIARFT BRI (AREEEMM, & %i55)
[P AE RIS 1 fE 2]

Clothes pegs (or alternative way to suspend
the skewer in the saturated solution)
K (BHERER AFT & T HIAME RN 52D

A magnifying glass to see your crystals more
clearly —ANCKRE:, DUEH 48 M 52 5 Ak

12
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Procedure

7 ]

1. Ask an adult to boil tap water.
T BRI B SRR TT

2. Into a clean container/cup add four full
teaspoon measures of your sample (table salt,
sugar, Epsom salts, alum or potassium nitrate).
FEVE R AMAN 4 TR (B, ¥ 5
ey IRl R A — R R I — AR D .

3. Ask an adult to measure 40 cm3 of the hot

water (the temperature needs to be at 70 oC or
above) and transfer this to your container/cup
with  your  sample inside. [Potential
burns/spill/cup melting hazards]
AR 40cm3 [i#uk (70°C LR,
TR FEARM A BRI o [ R0 I
IR ERE]

— [Safety Tip: you could use secondary containment

to prevent burns or spills].

—[ait: A B R AR AR BT 1k R A5 it ] -

4,

Stir for 30 seconds and — if required — add
more sample repeatedly until your sample will
no longer dissolve (larger amounts than in Part
A can be added to get to saturation).

ikt 30 B, WL, dRERAE HASIAEA, B
FEARAFHEN OIMARIFEARZL A3 2)

Fold a square filter paper into a triangle making
two folds and open it making a cone shape
(see figure 3).

B K BT TRIRAIT =T, s, FT9F)E
HCHETE (LB 3D

Pour your warm saturated sample through the
cone-shaped filter paper into a clean, empty
plastic disposable cup (this process removes

10.

11.

undissolved material).

VRV EFIRE AR TS A HETRAR, (BN 13
— RV BRI R (i AR S R R VA R
).

Using a wooden skewer and clothes pegs,
suspend the tip of the skewer just below the
surface of the solution (see figure 4).
ERARFFE RS, REARIF R IE L B A R T
T~ LE 4.

Leave the cup for a week for crystal growth.
After a few hours, crystals can often be seen in
the bottom of the cup but the slower-growing
crystals will grow on the stick. [Tip: if after one
day you do not get any crystals add a few
grains of solid sample to encourage crystal
growth].

MHFBCE — e ia K. JIANDN S, I8
SIEMIRE B WA T, HEEEEKK A K
FEARSF B Wit il 7 — RIREEAE
dm A, TN JURL AR RE A, 2 BE AR AR
K.

After a week, record the temperature of the

remaining liquid on your results table [G].

—JAJa, FEGRR[G]HHIE SR AR IR

Remove the stick and identify the best
(biggest) single crystal from your cup (see
figure 5).  FEIFARFF, MR (B
P CILE 5D,

Match your crystal to our ‘size and shape
charts’ below and record your data in the
results table [H] and [I]. Collaborate with others
to get results for all the samples.

BRI AR S NI RN STERE” MR,
FE 5 R [HI A ] e AR i) 2odhs . 5t A
B, WS PTAREARNISE R .

13
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Part B: Growing crystals of your samples

B #7r: HEMAARE

Experiment Setup

LR

Figure 3 Figure 4 Figure 5

A3 K 4 Bl 5

The folded cone-shaped paper towel which ~ Suspend the stick so that the tip sits just An example of a crystal (end point): take a
can be used to filter the solution below the surface of the solution photo and post your data to us

ARTN T HETE F T I R IR FEARFFIu R TR T AR RAEARST A ) St A 07K B R IR AR EY

il bR TAN

14
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Crystal observations
AL

The stick may have grown one large crystal (figure 5) or grown multiple smaller crystals. You will also have
crystals in the bottom of the cup; please choose the biggest.

ARIF BT K —HoR ik (B 5, Mgt JUNEUNM SR 5350, MIRE A ik kit ok
IOTER NS

The samples you have crystallised typically fit the following crystal systems: table salt (cubic, X), sugar
(monoclinic, U), Epsom salts (orthorhombic, V), alum (cubic, X) and potassium nitrate (orthorhombic, V).

AT 4RAIREAREEFS FHMER: &5 GLrd, X). fEERES, V). BHROER &S, V). W\ (G277,
X). WHIRH(EL A, V).

Look at your crystals and see if you agree with this classification, make your own choice and record your
observations on your student worksheet.
BERP A Z RS2, ER e FESAEIL R IR IR S 4S

Now collaborate with your class (if working alone compare all your results) to obtain the best result for each
sample and post this data to our website.

IAEFIBE BRI 224 (CHURIREEMSELS, FEBIRIRERE R, SRR TR, K83 KA 2341
R DX 3

*  The temperature of the remaining solution for each sample (°C) [G]

BERREAT RIS RAIRE (°C) [G]

*  The biggest single crystal from each sample (range from 8-28) [H]

FERFEAE BB SRR (8-28) [H]

*  The most likely crystal shape for each sample (range from T-Z) [I]

FERREA S 5 1 T (T-2) [1]

Tip: A magnifying glass will help you see your crystal system more clearly.

AN S FTBOR B2 TT LA B/ B35 28 s A0 ¢ ft 1A 2R ¢

15
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Part B: The crystal size and shape charts
B &7 dREAR/PAITREIR

Please print and share for class use

THITENIf 523 =

Crystal size chart

AR NR

Choose a number closest to your sample (8 = smaller, 28 = bigger) [H].
WS IRRIEA BRI ET (8= /), 28 = HK) [H].

If you have needle-shaped crystals, fit the length to the circle’s diameter.
IAREE A, AR S & B B BARULAC .

"9 .10 o1l 12 e13 et 15 o1 @17 @13 @1 @20 @2

.22 .23 .24 .25 .26 .21

16
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Crystal shape chart

AR E

Choose a letter of the system closest to your sample [I].
PR AL AR REAS B &R T BH[1] -

[y

Triclinic (T)
=R (T)

i 2F)

Monoclinic (U)

LY ()

Orthorhombic

V)

Tetragonal (W)
IEJ7d (W)

Cubic (X)
SRR (X)

Trigonal (Y)
=77 (Y)

Hexagonal (Z)
NI (2)

cereal squashed
in two directions
B—aEh, W
X[ 455 He

Like a packet of

Like a packet of
cereal squashed
on one side

(it can be hard to
tell T and U apart
—Uis athin
crystal) 54—
Fh, -l
JE CEXH T M
U R, 2 U 2
B R

ERZ&E (V)

Like a packet of

cereal (or
matchbox)
crystals can also
be very long and
‘needle-like’ (fairly
common)
B—aEh (%
KEE, AT
DUREK, 2 “4F
B Ci LD

Like two cubes
stuck together
BT R
e

Like a cube (fairly
common)
sometimes the
crystals do not
have pointed
corners so can
appear ‘dia-
mond-like’ {4—/>
S CRRD A
I A R A
TEARB A

Like a
‘Toblerone TM’
crystals can be
needle-like in
appearance
(quite rare but
distinctive) 1%
“=fM7 TG
Jlo i AT R
2EE RS
(ERiEED)

Like an
unsharpened
pencil, crystals
can be ‘needle-
like’ (quite rare
but distinctive)
BARHILHIHZE,
LN e i

R AE A D

Crystal has six
faces
i AT 6 TH

Crystal has six
faces
AT 6 TH

Crystal has six
faces
i AT 6 TH

Crystal has six
faces
A 6 TH

Crystal has six
faces
mm A 6 T

Crystal has five
faces
i A 5 I

Crystal has eight
faces
mn AT 8 TH

Lengths: from
one corner the
three sides are
different lengths
KR AR
ZRILKEAR

Lengths: from
one corner the
three sides are
different lengths
KR AE—F
ZRILKEARR

Lengths: from
one corner the
three sides are
different lengths
KEE: (M=
FIUHKEAR

Lengths: from
one corner two
sides are of the
same length and
the other is
approx. Double
KR AW
VUl SEYEIIR
F— R T
Pk RIAN

Lengths: from one
corner all the
sides are of the
same length

KEE: AE—MA=%
LRI BEAH R

Lengths: from
one corner two
sides are of the
same length and
the other is
longer

KR AF—MM
SRR BEREAE,
H— AR

Lengths: from one
corner two sides
are of the same
length and the
other is longer
KR AE—MMis%
LR, Fi—
SUPIERIS

Corners: none
are at 90°

f1: BrA AR
90°

Corners: some
are® but not all
i B
90°, HLEAR

Corners: all are at
90° (often a thin
crystal)

i AR
N 90° (ihfAE:
)

Corners: all are
at 90°
. AR
749 90°

Corners: all are at
90°
fii: BTRRIMEA
90°

Corners: some
are at 90° and
others are not
i AL

90°, HLEARZ

Corners: some
are at 90° and
others are not
H: FLEAE

90°, FHUEAZ
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Part B: Growing crystals of your samples

B #7r: HEAA R

Student worksheet I F= 1 0 = T
AR 2 e

Do you think the amount of sample that dissolves in hot water will be different from cold? Why?

TRANNRIK G KT E R AR E R HFES? 9t4?

Can you predict which sample will grow the biggest crystal? Why?
g TR AR A T DU B KR ARG 2 O fh 42

The sample | am using to grow crystals is.

B A T Bt R . < e

Temperature of the remaining The size of the biggest single The shape of the biggest single
solution (your local room crystal (range from 8-28) [H] crystal (range from T-Z) [I]

temperature) (°C) [G] BRI R (8-28) [H] BRMESEBR (T-2) [
FIABRIEE (ZEFET)
(°C) [q]
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The collaborative best results for each sample for posting to the website

BEEEMEARNBEFSER (ATRAZEMS)

Table Salt Sugar Potassium

ik Nitrate

THERSH

Temperature of the remaining solution (your local
room temperature) (C) [G]

FIRBBHRE (BEHFET) °C[G]

The size of the biggest single crystal (range from 8-
28) [H]

BARERART (8-28) [H]

The shape of the biggest single crystal (range from
T-2) [1]

BRRMBEZBER (T-2) [1]
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Part C: Sharing your data
C #a: FFEIROEE

— Post your results to our global interactive map

— BIRIER R ZRATHEER

Post all your data and pictures to our Global Experiment website: http://rsc.li/ge2014

BRI TR BHE SB A RAFZERATREIREL ML http:/irsc.li/ge2014

1)

Follow the link to post your data and click ‘Submit your

experiment data’ Submit your experiment data ».
TR IR AR B, Ry “ SR SR S g Kt ™ ‘

Location Specifics: Enter a Name, valid Email address and ‘class or team name’

Mg L A REA . AR Email Mk K “ PR E/INH A FR

Location Details: Enter a country and post/zip code and click ‘searclt

b RS SAER S, WSEGRED, RS il Search

Use the interactive map to find your location. Once found, click on the map to ‘pin the location’

M IR BRI E, — B3RS, st AR A ER “Efr”

- PR A z 4
‘i‘ Cambridge, Cambridgeshire CB4 0FX, UK X

— Pin the location where you completed the experiment

+

F 75y
Y.

Then click on the blue text ‘Pin the location where you completed the experiment’. This will add a ‘red
marker’ to your location
RE RIS “ENARTE R B 7. X R E I B A fbiid”

Experiment Data: You can now enter all your experiment data on the table provided (If you have not
completed all of the samples just enter what you have)

SEIOBE . IUAEVR AT DAZESR LR 2% th o N BT (R SEB M0 Cn AR oS A FEAS, b N © 22 56 1
FIREAH )

Finally, upload your experiment images to feature on our website

BUG . WR OISR A1 3 1 Submit
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Part D: Analysing the website to discover the best conditions

D #5r: AHrMIBEEE, WhBRAERA

Analysis on the website

FE R, Lo AR

After completing the experiment and posting your data why not analyse the data available to identify trends?

SKISER T, Bl RAT T, AR TR KRR, R AR ?

The Global Experiment website offers an interactive map so you can search and find specific data, just by
clicking on the pins. You can also access all of the data by using the ‘Export data’ button, which provides a
spreadsheet.

ARRSLIG s EARAE T B, PRI R IR B E Bl . AR AT DOl ¢ S R DhRERE VT iR BT A 2
i, LRI — KR L

The graphs on the website provide the weighted average data.

Wt LI R SR A T InACT 24 K -

e Where was the biggest crystal grown?
MR LA T d K A ?

e What were the conditions? (Temperature)
HAEKKE R A7 GRED

Other useful research

HEHRRBI

There are many websites which provide local data on tap water - (below are some examples)

A VFZ WSRO 23 B RAOK B EdE —  (BUR IS8 L6

http://www.ecowater.co.uk/why-a-water-softener/test-your-water-water-in-the-uk/post-code-checker/
(UK) http://lwww.ewg.org/tap-water/whats-in-yourwater.php  (US)

A UK example would be to compare the results between London and Edinburgh. In London the tap water is
‘hard’ (the water contains a high concentration of calcium and magnesium mineral salts) but in Edinburgh the
water is ‘soft’. Are the results between London and Edinburgh very different?

GE[E 1) — M 7T I LR 05 2 T B SEInas R A BoRoK R R (S 58 s R E S, T
TR ERAKBE “7. RBONE T BRI S R AR ZIR K ?
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Extension activities
¥ RES
Try conducting your own research.

FI— L H ST

The hardness/softness, pH, salinity (saltiness) and additives (fluoride) in tap water varies around the world.
Can you find out anything about the local water at the location of the biggest crystal data?

HHFR &1 RAOK B HREEE . pH B SR OB I GRALY) S8 T2 A KRR
AR RO TT , AR BE AR H T ) 2 AKCH A ] e 2

What are the environmental considerations for this location?
TZHL IR i fe] 2

o Humidity (could high levels of humidity affect the growth of crystals?)
MPE R B 2 R i R AR K 2 )

o Dustiness of the air quality (could a dusty room grow bigger crystals?)
TAPRE AR GGEW AR P ) B R BRI d iR g 2 )
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Teacher/Technician notes

TR BRAR

The experiment has been designed as a class
practical for age range 7-14. You will need to
assess the timings of this experiment to fit the
experience of your students.

ARSLRGE T 7-14 BELMPER . R ERE A0
T E SLER I ] o

You can use the data on the Global Experiment
website to compare data from students around the
world to discover something new (errors should be
discussed as part of this).

PRAT AR FH A BR S0 WX st Xof THE 5 & b 2 A 1 Ea ik
ITHE, BERATHFRAEN GHesRE R —

93

It is recommended that you use all five samples
when taking part in the experiment but you can take
part and submit data on less.

FATVEUAL I A 5 FhREAIE T SE5, (H 24 tm]
DU R e J Ui s 5, I se ks -

Also, it is best to post data from Part A and B at the
same time (after a week of crystal growth) but it is
possible to submit Part A and B separately if you
would like.

AAN, BUFFER B A B S s (FF 1 FE
mfA KD, A, FRAT AT B

The experiments

500 g-1 kg bags of each sample will be plenty for a
class experiment.

FEMREAAESR 500 g-1 kg B0 1 MNFELL e 1.

You do not need to be very accurate for this
experiment; it can be done using kitchen scales and
has been designed so you can take part at home or
in school.

ARSI R A AE e AT LMEH BT A, AEER

AR RE 5E RS o

Part A: additional ideas

ARGy HAtE

Dissolving and saturating your samples: With your
class you could number half a cup of each of the
samples and — in pairs — the students could try to
identify their unknown sample by comparing their
results to the Global Experiment results page
(http://rsc.lilge2014).
TEREAEAIREA: EHE b, ARFKE B BhFEA o) B3 AE
5 A, EMERT,  JF ST kA
PIN—ZAESRES, ARG HEMATTI S5 R 5 2R IR 245 IR
PEREL,  PAUUIARATTRIREA R A4 .
(http://rsc.lilge2014),

If you run the experiment this way, please ensure
you know what the samples really are so you can
post your data onto our website.

U SRARE B IXFEEAT 5200, TE I DR UR RN Le e AR AT
2, ARG EAE AR BNFRATI 3

Part A: Questions and Answers

Aoy MBEER

Q: What is the definition of a crystal?
M. AR

A: A crystalline solid is made up of atoms or
molecules which are arranged in a repeating
pattern and stacked over and over again.
% iRl R TR T E R E R 2
J2 HERTT o

Q: In future, could you tell the difference
between the samples if they were not labelled?

Q )5, WMRXERERAIRE, FEEHENN
R

A: Yes, they all have different properties.

e BE. BUONMATS BA A FRERE.
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Q: If an unknown sample was used to prepare a
saturated solution with average properties [E] 8
oC and [F] 9.5 g which of the five samples do
you think it could be?

M. R FERMERE A T EROER, B
FISEI54 1 N[E] 8 °C M1 [F] 9.5 g, RiIAAEREA
Al RERE 5 PhFRASH B —AN 2

A: Potassium nitrate.

e BHERET.

Part B: additional help with crystal growing

B #5: RAERKKITBITTE

Not all of the samples grow crystals equally well so
here are some tips to help.

AN PR REAAE K B AR A R AR BT B
NEFT

X R L

1)  Runafew in parallel
[ i 2 A LA

2) Sugar crystals are the most difficult to grow
R A R Bt AR 1)

3) If after a day no crystals appear, add a few
grains of the same solid sample to encourage
crystal growth (when we tried this for sugar it
worked well — this is called ‘seeding’)

IR — R JGIEBA K FAE,  FRIIA ) LARLFE 44
FEA, (R mAER (RRIE “REF7, AR
R, BORIRE D

Part B: coloured crystals

B #%: HRRAE

At the end of step 6 you could add a few drops of
food colouring (or the ink from a highlighter pen) to
grow coloured crystals. We don’t know what effect
this will have on the crystal growth for this
experiment but it certainly makes it more fun!
AIR 6 SN JE, WA IMAJLHERGR (Bl 5%
827K, R AEK A AR FRATAN Kl A A S5
XA O AR E B AT AR, (HH E 2SI
A il

Part B: instant crystals

B #B4r: RIEEK M

At the end of step 7 you can rapidly cool the
disposable cups containing the solutions in icy
water which — for some of the samples — causes
instant crystals. This fast crystallisation will not give
very big crystals but this difference in crystal size
can be discussed with the class once the bigger
crystals have developed after a week.

BB T SRR, ARAT DK B R ) — PR TR
ANVKOKH, BRI PRI, JE O R AS (1 1R 5 e R]
o XMPRE S R A RE P AR BCR I B AR, fr—
Ja, BHEHEARK BB, ATFEPE EDE 5
RN P A R

Part B: Questions and Answers

B #a: HESESR

Q: Do you think the amount of sample that
dissolves in hot water will be different from
cold? Why?

6. JRINARKERKEBRAIFAERSE XY ?

A: Yes, because in hot water the particles move
about more and so more can dissolve.

B R, BOKPRIESIES, LA EHRE.

Q: Can you predict which sample will grow the
biggest crystal?

] ARBETIC AR A H B A BRI

A: Just a prediction — but students might feel that
sugar and Epsom salts might grow the biggest
crystals because these dissolve the most in water
(the experiment will reveal the real answer).

B PRI [F) 22 ATT AT BE 22 BEASREAIYS £5 K HH A
iR, BOVENEMERE .. (LKA HEREIE
Uik E )

Make full use of Part D: Analysing the website to

discover the best conditions.
FIFH D #ar: M Wb, $R R K &
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Standard health and safety guidance for
schools

FREPMER RN Z 2T

Health and safety in practical chemistry in schools
and colleges affects all concerned: teachers,
lecturers and technicians, employers and students,
parents or guardians, as well as authors and
publishers.

B HLAT 0 N AR 7 AR BR 5 22 4 o B N 32 31 9% 7
NREM: FUH. PR, BoRGE. BT, %4 KK
s AL 1 DL AR

These guidelines refer to procedures in the United
Kingdom. If you are working in another country you
may need to make alternative provisions.
XHRRIERSE 7R EPE. TR E R EE R T
B, RWTRET 2 53 A0 € FLI .

As part of the reviewing process, the Global
Experiment has been checked for health and safety.
VERNTEAL I — 8By, A BRSZL O 15 2 B AN 22 4 A
7,

We have attempted to ensure that:

BATAEIH LR
* All common recognised hazards have been
identified

FITA s W e A5 23R

e Suitable precautions are suggested
L4 BRI 24 1) 77 Yo 4 i

It is assumed that:

A SEIRFEET DT %A

- Safe work practices are
chemicals are handled

AL TS 1) il 8 % L A S 22 4 it

followed when

- Eye protection is worn whenever risk
assessments require it

BN 7 ST 7

* Great care and adult supervision is required
when transferring hot water

BRI 3 BN D RO R

«  When carried out in schools - practical work is
conducted with teacher supervision and in a
properly equipped area
WRSRAEFR S RSE S, B T, S X
A e B 22 A B

e When carried out in schools - mains-operated
equipment is regularly inspected, properly
maintained and appropriate records are kept
WR S AR SR 50 SR, LI 3 F ) IR R 8
iR, ZELEY, HORAAHIKIET.

< When carried out in schools - first aid facilities
and a trained first aider are available
WA RAEF R EEL, A SRR 52 1 1)
NP YN

Teachers’ and their employers’
responsibilities

FMANRERTE

Under the COSHH Regulations, the Management of
Health and Safety at Work Regulations, and other
regulations, UK employers are responsible for
making a risk assessment before hazardous
procedures are undertaken or hazardous chemicals
and materials are used. Teachers are required to
co-operate with their employers by complying with
such risk assessments. However, teachers should
be aware that mistakes can be made and, in any
case, different employers adopt different standards.
R Sfa R ) PR 2 A H 5%
1) DL e B E, o5 B e AR S A ek AT
Bl A F A BB AT LSBT G R A .
AL SE SR RY PSS P <E 2 Ul IR AV IR
AR, T HAR 2SO, AREEER
FAFIRRIEEAS ] o
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Reference material

SRR

Model risk assessments have been taken from, or
are compatible with:

PRV LR R 1 S T
CLEAPSS Hazards (see CLEAPSS website)

CLEAPSS f&5 (2}, CLEAPSS Mu})

CLEAPSS Laboratory handbook (see CLEAPSS
website) CLEAPSS Recipe cards (see CLEAPSS
website)

CLEAPSS szt = F it (=W, CLEAPSS R¥i)
CLEAPSS it 5 £/ (. CLEAPSS Mih)

ASE Revised Topics in Safety: key updated
revisions are in the website (see ASE website)

ASE B &AW WuifBIT A EE T (&
I, ASE M)
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