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Please observe the safety information,

the advice for supervising adultson

page 1, the safety rules on page 6, the

information about hazurqous substances

(chemicols) and their environmentally

sound disposal on page 7,the sofetzjgor
iments with batteries on page &,

Zﬁ%e:;\r:first aid information on theinside

front cover.

WARN I N G. Not suitable for children under 10 years. For

use under adult supervision. Contains some chemicals which present a
hazard to health. Read the instructions before use, follow them and keep
them for reference. Do not allow chemicals to come into contact with any
part of the body, particularly the mouth and eyes. Keep small children and
animals away from experiments. Keep the experimental set out of reach
of (I:h(ijld(rjen under 10 years old. Eye protection fo i
included.

WARNING —

may be harmf
and in ma
super!
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First Aid Information

- In case of eye contact: Wash out eye
with plenty of water, holding eye open
if necessary. Rinse from the nose
outwards. Seek immediate medical
advice.

- If swallowed: Wash out mouth with
water, drink some fresh water. Do not
induce vomiting. Seek immediate
medical advice.

- In case of inhalation: Remove person to
fresh air. For example, move person
into another room with open windows
or outside.

- In case of skin contact and burns: Wash
affected area with plenty of water for
at least 10 minutes. Cover burns with a
bandage. Never apply oil, powder, or
flour to the wound. Do not lance
blisters. For lager burns, seek
immediate medical help.

- In case of doubt, seek medical advice
without delay. Take the chemical and
its container with you.

- In case of injury always seek medical
advice.

- In case of cuts: Do not touch or rinse
with water. Do not apply any
ointments, powders or the like. Dress
the wound with a germ-free, dry first-
aid bandage. Foreign objects such as
glass splinters should only be removed
from the wound by a doctor. Seek
medical advice if you feel asharp or
throbbing pain.

First ajd advice ..

- in case any accidents
should happen during
€Xperimentatiop,

Poison Control Centers (United
States)

In case of emergency, your nearest poison

control center can be reached everywhere
in the United States by dialing the number:

1-800-222-1222

Notes on Disposal of Electrical and Electronic
Components:

The electronic components of this product are
reusable For the sake of the environment, do not
throw them into the household trash at the end of
their lifespan. They must be delivered to a
collection location for electronic waste, as
indicated by the following symbol:

Please contact your local authorities for the
appropriate disposal location.

13

Keep the packaging and instructions, as they
containimportantinformation.



Dear

Chemistry C500 will provide your child a first
look at this fascinating science. It is natural to
have questions about the safety of a kit that
contains chemicals. The experimental
equipment and the experiments in this kit
meets U.S. and European safety standards,
which specify the safety requirements for
chemistry experiment kits. These standards
impose obligations on the manufacturer, such
as forbidding the use of any particularly
dangerous materials. The standards also
stipulate that adults should assist their
children with advice and assistance in their
new hobby. Therefore please take a look
through this instruction manual and pay
particular attention to the
- Safety Rules on page6,
- Information about hazardous substances
(chemicals) on page7,
- Safety for experiments with batteries on
page 8,
- First aid information on the inside front
cover, and the
- Safety information accompanying each
experiment.

Advice for Supervising Adults

- A. Read and follow these instructions, the
safety rules and the first aid information,
and keep them for reference.

- B.The incorrect use of chemicals can cause
injury and damage to health. Only carry out
those experiments which are listed in the
instructions.

- C. This experimental setis for use only by
children over 10 years.

- D. Because children’s abilities vary so much,
even within age groups, supervising adults
should exercise discretion as to which
experiments are suitable and safe for them.
The instructions should enable supervisors

rents and Supervising Adults

to assess any experiment to establish its
suitability for a particular child.

- E.The supervising adult should discuss the
warnings and safety information with the
child or children before commencing the
experiments. Particular attention should
be paid to the safe handling of acids (e.g.
tartaric acid), alkalis (bases, e.g. sodium
carbonate) and flammable liquids
(denatured alcohol).

- F.The area surrounding the experiment
should be kept clear of any obstructions and
away from the storage of food. It should be
well litand ventilated and close to a water
supply.Asolid table with a heat resistant
top should be provided.

Emphasize to your child the importance of
following all of this information, and the
importance of carrying out only those
experiments that are described in this
manual. Inform your child, but do not frighten
him or her — there’s no need for that.

While experimenting, please be careful not
to let the chemicals comeinto contact with
the skin, eyes, or mouth. Do not inhale
chemical dust, vapors or powder. It is also
important not to let the chemicals, or the
solutions prepared with them, to getinto the
hands of small children.

When performing chemistry experiments,
itisimportant to wear suitable clothing (e.g.
anold smock and smooth fingered gloves)
and the safety goggles. Please be sure to get
any required equipment and chemicals ready
before starting an experiment.

After completing the experiments, he or
she should clean up the work area and
thoroughly wash his or her hands.

We wish you and your young chemist a lot
of fun and success with the experiments!



Checklist: Find - Inspect - Check off

N

v/ No. Description Qty. Item No.
(J 1 Empty bottle for litmus solution 1 772510

(for production instructions, see p. 16)

including safety cap with dropperinsert 1 704092
(J 2 Litmuspowder,1g 1 772502
(J 3 Potassium hexacyanoferrate(ll), 4g 1 772505
(J 4 Ammonium iron(lll) sulfate, 5g 1 772507
(J 5 Sodiumcarbonate,12g 1 772504
(J 6 Tartaricacid, 6g 1 772512
(J 7 Testtubes 3 062118
(J 8 Double-headed measuring spoon 1 035017
(J 9 Dropperpipettes 2 232134
(J 10 Rubberstopper 1 071078
(J 11 safetyglasses 1 717019
(J 12 Lidremover 1 070177
(J 13 clipfor9-volt battery 1 042106

Please check all the parts against the list to make sure that nothing is missing.
If you are missing any parts, please contact Thames & Kosmos customer
service.

J

L3

Additional things
you will need:
Tealight candle, plate, knife,
thin paintbrush or ink pen, .
yellow paper, white coffeg filter
or blotting paper, iron nail,
matches, 9-volt battery, bar
soap, liquid soap, shower gel,
denatured alcohol (methylated
spirits), light-colored table
vinegar, table salt, lemon,
sparkling water, distilled water,
water, paper towels
N —
-
Any materials not contained in
the kit are marked in jtalic
script in the “You will need”
boxes.



Effervescent Powder
Pages 9to 14

Acids and Bases
Pages 15 to 22

Acid or base?
Find out with the
litmus solution.
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How acidic is your
mineral water?

I_J-_*l::‘

i

A

Prussian Blue and ;J
Invisible Ink 0P g
Pages 35 to 41

Top secret messages from
the chemistry lab
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Your lab station

. Chemicals

Your experiment kit contains five chemicals: litmus powder,
which you will use to prepare the required litmus solution,
along with sodium carbonate, potassium hexacyanofer-
rate(ll), ammonium iron(lll) sulfate, and tartaric acid. That
sounds complicated — but with a little practice you will be
able to pronounce the names quite easily, particularly if you

read them often in the manual.

Chemical vials
The chemical vials have one large chamber for larger
quantities and a smaller one for chemicals needed only in
small amounts. Fill levels are determined by what you
will need as well as by standards pertaining to
chemistry kits. The uniform size of the vials is
necessitated by the size of the labels containing
the information required by law. To open the

This is how you use the
chemical vials, use the lid opener.

lid opener to open a
chemical vial.

2¢6¢d 8 0 »

—

When Youopen a via|, sometimes g /
little of the chemical substance

will stick to the lid and fall o your |
hand or the work surface, yoy can '
Prevent this by banging the pot. J
ton! of the via| several times i
against the work surface before ’
Opening it !



Test tubes

|
y

To carry out your chemical reactions, you will be using
test tubes — just like a real chemist. Set filled test
tubesinto the provided openingsin the lab station, as
shown to the left. Use the rubber stopper to close a
test tube whose contents you have to shake. When you —_—
shake it, keep your thumb pressed against the stopper.
Don't forget to clean the stopper before using it to 7cm
shake a different chemical.

. 6cm
Measuring spoon =4
5
Use the double-headed measuring = 5em
1small spoon, which has alargeend and a g
spoonful small end, to take chemicals Z;
from the vials. A“large” S 4cm
spoonful means one level E
scoop from the larger end, g 3cm
while a “small” spoonful g
means a level scoop from the = ple
small end. Sometimes a “spoon
/ spoonful tip” will be enough, meaning no
o J more than half of the small end, or __1ﬂ
preferably even less. Always make sure i
you close the vial immediately after each use! \J

Dropper pipettes

You will be using the dropper pipettes when adding
liquids drop by drop. Squeeze the upper section of -
the pipette between your thumb and forefinger,

and dip the pipette tip into the liquid. As soon
asyourelease the pressure, the liquid will ||
rise up the pipette. You can then add the |
liquid drop by drop by applying light \
pressure. Rinse the pipette thoroughly after [:9\)
each use (fill several times with water, shake,
and squeeze out).

How the dropper pipettes work
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safety Rules
any of these
please read carefully
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n avoid any
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Read these instructions before use, follow them
and keep them for reference.

Pay special attention to the quantity specifications
and the sequence of the individual steps. Only
perform experiments that are described in this
instruction manual.

Keep young children, animals and those not
wearing eye protection away from the
experimental area.

Always wear eye protection. If you wear corrective
eyeglasses, you will need protective goggles for
those who wear corrective eyeglasses. When
working, wear appropriate protective clothing, like
an old smock and smooth fingered gloves.

Store this experimental set out of reach of children
under 10 years of age.

Clean all equipment after use.

Make sure that all containers are fully closed and
properly stored after use. Carefully close the
chemical vials after use and return them to their
places in the experiment kit.

Ensure that all empty containers are disposed of
properly.

Wash hands after carrying out experiments.
Chemicals that accidentally get onto your skin must
be rinsed off immediately under running water.

Do not use any equipment which has not been
supplied with the set or recommended in the
instructions for use.

Do not eat or drink in the experimental area. Do
not use any eating, drinking, or other kitchen
utensils for your experiments unless it is specifically
recommended. Any containers or equipment you use
in your work should not be used in the kitchen
afterwards.

When you use liquid food products
(such as vinegar, lemon juice, and
mineral water) for an experiment,
transfer the required amount to a
clean container, such as a yogurt
cup. Keep this separate from the
original container and any kitchen
items used for cooking and eating.

11. Do not allow chemicals to come into contact with
the eyes or mouth.

12. Do not replace foodstuffs in original container.
Dispose of immediately. If you are investigating
food products (such as table salt or vinegar), transfer
the required quantity into a clean, empty container
(do not use the double-headed measuring spoon for
this). Make a note on the container of what it
contains and the date it was filled.

13. The tealight candle required for some of the
experiments has to be placed on a fire-resistant
surface (such as an old plate). Extinguish the flame
after the experiment has ended, if not earlier, and
extinguish it if you have to leave the experiment
area even just for a moment.

14. During experiments with open flame, be sure that
there are no flammable objects or liquids nearby.
Keep a bucket or box of sand ready in case you need
to put out a fire. If the fire can’t be extinguished
right away, notify the fire department immediately.

15. Any filled container or experimental apparatus that
has to remain standing for a longer period of time
has to be labeled and stored out of the reach of
children and animals.

16. Get any additionally required materials ready before
starting an experiment.

17. Handle breakable materials (e.g., the glass test
tubes) carefully.

Also note the information on the chemical vial labels,
the information about hazardous substances on page 7,
and the safety notes accompanying the individual
experiments. With additionally required materials, also
take note of the warnings on their packaging.



Information about hazardous substances

Please note the hazard statements (blue) and precautionary statements of the hazardous
substances contained in this chemistry experiment kit. The following overview also presents
the pictograms and the signal words for the chemicals you will be using, and identifies the

hazards associated with each substance.

Ammonium iron(lll) sulfate
EG-Nr.233-382-4,5 g (0.18 0z.)

Not a hazardous substance.

Obtain special instructions before use. (Refer to
this manual.)

Potassium hexacyanoferrate(ll)

EG-Nr. 2377222, 4 g (0.14 0z)

Not a hazardous substance.

Obtain special instructions before use. (Refer to
this manual.)

Harmful to aquatic life with long lasting effects.
Avoid release to the environment. Comply with the
instructions on page 37.

WARNING

Sodium carbonate

EG-Nr. 207-838-8,

Index-Nr. 011-005-00-2,

12g(0.62 0z

Harmful if inhaled. - Causes

serious eye irritation.
Avoid breathing dust/fume/gas/mist/vapors/spray. - Use
only outdoors or in a well-ventilated area. - IF IN EYES:
Rinse cautiously with water for several minutes. Remove

contact lenses, if present and easy to do. Continue rinsing.

If eye irritation persists: Get medical advice/attention.
- IF INHALED: Remove victim to fresh air and keep at
rest in a position comfortable for breathing. Call a
POISON CENTER or doctor/physician if you feel unwell.

WARNING

Tartaric acid

EG-Nr. 201-766-0, 6 g (0.21 0z.)

Causes serious eye irritation.

Wash skin thoroughly after
handling. - Wear protective gloves/ eye protection/ face
protection. - IF IN EYES: Rinse cautiously with water for
several minutes. Remove contact lenses, if present and
easy to do. Continue rinsing. - If eye irritation persists: Get
medical advice/ attention.

How to dispose of waste?

The relatively small amounts of chemicals contained in this
experiment kit will not pose any great danger to the
environment. You can dispose of leftover solid substances in
the household garbage, along with filter papers coated with
chemical solutions (wear protective gloves). Pour liquids down
the drain (rinse with water afterwards). Please note the tip on
page 37 for economical use of potassium hexacyanoferrate.

WARNING)

Store |
app’ieso;k:z u’;::’z(eep out of reach of children, Ths
Children except f .
i 1] or the exper; i i
¢ st:ﬂu; 't.)fmg Instructed ang supervised,;)y ;’:Z’:"”g =
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Dispose of content Protection;
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- WARNING! Only for use by children aged 10 years and
older. Instructions for parents or other supervising
adults areincluded and have to be observed. Keep
the packaging and instructions as they contain
importantinformation.

- Forsome experiments, you will need a 9-V type 6LR61
square battery, which could not be included in the kit
due toits limited shelf life. Press the battery clip
equipped with red and black wires onto the battery.

- Have an adult check your experimental setup before
performing the experiment.

- Non-rechargeable batteries are not to be charged.
They could explode.

- Rechargeable batteries are only to be charged under
adult supervision.

- Rechargeable batteries are to be removed from the
toy before being charged.

- Exhausted batteries are to be removed from the toy.

- Dispose of used batteries in accordance with
environmental provisions, not in the household
trash.

& Safety for experiments with batteries

- The supply terminals of the battery clip are not to be

short-circuited: Neither the battery wire contacts nor
the wires connected to them should touch each other.
Make sure there is no unintended short circuit due to
conductive metal objects, such as coins or a keychain. A
shortcircuit can cause the wires to overheat and the
battery to explode.

- Don’t throw batteriesinto the fire and don’t store them

near heat sources.

- Avoid deforming the batteries.
- Never perform experiments using household current.

You know that you should never insert any objects into
the wall socket holes. The high voltage can be extremely
dangerous or fatal!

- Don’t use any voltage source other than the specified

battery, including a power supply unit.

- After you are done experimenting, remove the battery

clip from the battery.

- Warning! Do not manipulate the protective devicein the

battery compartment (PTC). This could cause
overheating of wires, eruption of batteries and
excessive heating.

Instructions for using the safety glasses

Instructions for use for the safety goggles (Art.-Nr.717019)
Manufacturer Frame: Georg Schmerler GmbH & Co. KG /
Reitweg7/90587 Veitsbronn/ Germany

Manufacturer Lens: IPB NV / Steenovenstraat 30/8790
Waregem/Belgium

Certification Office: ECS GmbH - European Certification
Service/Huttfeldstr.50/73430Aalen, DE/Germany /
Notified Body Number: 1883

GSF - Safety goggles comply with the Regulation (EU)
2016/425 on personal protective equipment (PPE), are
design tested, and bear the CE symbol. The Model 610 in
this kit is suitable for protection against mechanical
dangers.

Identification of the frame:

GSF = Code letter of manufacturer
166 = Number of the standard
S=increased robustness

CE = EC Conformity symbol

Identification of the safety lenses:
IPB = Code letter of manufacturer
1=0Optical class

S=increased robustness

If frame and lens have differing certification marks in
regardstoS, F, B, or A, the lower of the two applies.
Wearers with extremely sensitive skin may experience
allergic reactions upon contact with some materials. There
are nospare parts or additional components available for
this model. If damaged please discard the safety goggles
and discontinue use. Eye protectors used for protection
against high-speed particles that are worn over standard

ophthalmic spectacles may transmit impacts, thus
creatinga hazard to the wearer. If protection against high-
speed particles at extreme temperatures is required then
the selected eye protector should be marked with the
letter Timmediately after the impact letter, i.e. FT, BT, or
AT. Otherwise the eye protector should only be worn and
used at room temperatures.

Accessories: No accessories are available for this product.
Storage: Storeinadry and dust free place at room
temperature.

Cleaning: Clean with clear water and household detergent.
(Do not use solvents!) Avoid strong scrubbing as it can
cause scratches.

Disinfection: Product can be disinfected with all regular
commercial disinfectants.

Disposal: Pay attention to national regulations when
disposing.

Length of usage: Do not use longer than 5years after
purchase date.

Warnings: Dispose of the goggles immediately if damaged.
Only use eye protection lenses with optical class 1. Do not
repair damaged safety goggles.

Limitations of use: These safety goggles in particularare
not suitable for high-speed particles (e.g. cartridge tools),
laser beam, temperatures above 55 °C, stray light arches,
fusion metals, infectious substances, or organisms.

Declaration of Conformity: A Declaration of Conformity
according to Regulation (EU) 2016/425 on PPE and the
Directive 2001/95/EC on general product safety is available
for this product on the following web address: http://
thamesandkosmos.com/declarations/declaration-717019.
pdf
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" Effervescen
©  Powder

You are probably familiar with those little effervescent powder

T # o

packets that foam and bubble as soon as you sprinkle them into
water. And you certainly know how baking powder can make a
home-baked cake light and delicious.

In the following pages, you will learn exactly what it is that
makes a drink effervescent and a cake light and fluffy.



EXPERIMENT 1

Beautiful
bubbles

YOU WILL NEED

- test tube
- measuring spoon
- sodium carbonate

- cup of white vinegar o
p & o { r 2 X

E} SODIUM
I"=={ CARBONATE

HERE’S HOW §

1. Place 2 large spoonfuls of sodium
carbonatein a test tube. .

2.Then use the pipette to drip about 1 cm
of vinegarinto the test tube.
What do you see?

e

" AP VINEGAR

[
= ..a-l-ﬁn-g.-D

uy

1CMI
<

- WHAT’S HAPPENING?

Vinegar is an acid. If you coml:tr;e
this acid with sodium carbor; on;
carbon dioxide gas escapes :
the mixture. It’s this gas tha
makes the solution foam up.

Safety Note: For sodium carbonate, note the
“Information about hazardous substances” on page 7!

.
..........
.........
..........
..........
.......
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EXPERIMENT 2

Where’s the
foam?

YOU WILL NEED

- test tube 1 X
- measuring spoon TARTARIC ACID
- sodium carbonate |
- tartaric acid
- cup of water

=]

—

CARBONATE

HERE’S HOW )'

1.Inadry test tube, mix 1 large spoonful
of sodium carbonate with 1 large x
spoonful of tartaric acid.
Isanything happening yet?

2. Then add about 1 cm of water to the
mixture.
What do you see now?

-

s AN WATER

= .-ﬁ-l-ﬁ-n-—qﬂ@

"\
"'}

£
1CMI

= WHAT

o
a
‘.-

' HAPPENING?

mixture of fine, dry sodium

carbonate and tartaric acid

tals, nothing happens.The
rts to foam once

Ina

crys
Safety Note: For sodium carbonate and tartaric acid, note the :  mixtureonlysta
“Information about hazardous substances” on page 7! you add water.




Flame out!

YOU WILL NEED
1Xx

TARTARIC

ACID
(1]

- 2testtubes

- measuring spoon
- dropper pipette
- sodium carbonate
- tartaric acid

- matches

- cup of water

- paper

- scissors

HERE’S HOW

1.Inadry test tube, mix 1 large spoonful
of sodium carbonate with 1large
spoonful of tartaric acid.

2. Cut acircular shape out of a piece of
paper. Punch a hole in the center with
the tip of a ballpoint pen and insert the
pipette into it. Fill the pipette with
water and set it along with its “collar”
onto the test tube. Slowly drip water
into the test tube.

3. Wait about 10 to 15 seconds for the
foam to subside a little. Remove the
pipette. Now hold a burning match in
the test tube.

Does it keep burning?

4. Perform the same “match test” with an
unused, fresh test tube.
What happens?

Safety Note: For sodium carbonate and tartaric acid, note the
“Information about hazardous substances” on page 7!

EXPERIMENT 3

1Xx

SODIUM
CARBONATE

i oxygen,
to burn, it needs
For the match . : e
whichis containedin the air. The c:.;be
dioxide produced inthe hr.st te;t X
however, is heavier than air a\nf ! test
stheairouto
therefore pushe : he te
tube.So the match flame1s lacking

oxygen, and it goesout.
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EXPERIMENT 4

The invisible fire
extinguisher o

YOU WILL NEED

- test tube
- measuring spoon
- sodium carbonate

- tealight candle
- fireproof surface (small
plate)
- cup of white vinegar 0
—_—
1X
sopium PP — ‘|
HERE’S HOW CARBONATE = D
1. Place the tealight candle on a fireproof :
surface, such as a small ceramic plate.

Light the candle.

2. Fill the test tube with 2 cm of white VINEzﬁi\“Ig
vinegar. Add 1 large spoonful of sodium o
carbonate to the test tube. Keep the
test tube steady and upright as the
foam forms.

3.Assoon as the reaction has calmed
down and the column of foam shrinks,
carefully tilt the test tube next to the
candle flame, as if you are pouring the
air out of it. Do not allow any of the
liquid in the test tube to spill out. The
illustration shows you how to do it best.
Does the flame go out, as if by magic?

's HAPPENING?

= WHAT
flame is extinguished by the

it
carbon dioxide gas, because e
adsout likea carpet over
ring the flame.

The

spre
Safety Note: For sodium carbonate, note the i tealight, smothe
“Information about hazardous substances” on page 7! o uieeeessssnssensassannatttt

.......
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CHECK IT OUT

Keyword:
Baking

Powder

Alight and fluffy cake is a
wonderful thing. But without a
certainingredient, it won’t
turn out well. The magic
ingredient? Baking powder.

el (Greenhouse Effect

are sodium bicarbonate
(“baking soda” in everyday Earthis surrounded by a protective envelope
terms) and an acidifier. What known as the atmosphere, which holdsin a
happens in the batter is similar portion of the heat radiated by the sun. Just like
to what you saw in the test the panes of glassin a greenhouse, this
tube. The baking soda and the protective envelope is responsible for the
acidifier start to interact. What . factthatourplanet hasa pleasantaverage
comes out of itis carbon ¥ temperature of 15°C. (Otherwise, it would
dioxide gas, which bubbles be bitterly cold: a mere -18 °C!)
through the batter. The heatin
the oven intensifies the The atmosphere is composed of gases, some of
reaction even more. Lots of which are responsible for the greenhouse effect
little pores appearin the and are therefore known as greenhouse gases.
batter to make it light and The best-known greenhouse gas is carbon
fluffy. dioxide. All kinds of activities involving

You can also see what’s combustion, such asdriving a car or truck,
going on by adding a shot of heating a house, or generating electricity ata
vinegar to some baking coal-fired power plant, cause an extra portion of
powder — the mixture will carbon dioxide to getinto our atmosphere. That
foam up dramatically. The alters our protective envelope, which starts to
baking soda quickly reacts to store too much heat. The temperature on Earth
the acidic vinegar solution and increases, with consequences that we can’t even
carbon dioxide is created. predict today. Global warming is threatening to
~ s d® bring about profound changesin our Earth’s

‘ climate.
Note:

Carbon dioxide gas is heavier .
. Its ability to displace air

What’s clear is that we have to save energy. It's

better to get on a bike than driveacar. Don’t
than ai

: ioht can be turn the heat up too high and don't let
due toits greater Weié - appliances keep running on standby power when
dangerous i“.ce“ars = cavm;‘ they’re notin use. That’s how we can preserve
There is n0 r:k of suffoca our protective envelope.
here, though.
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. ]
Acids and
| 1.-I ‘_E'qmerymils bltl?‘ﬁ\orar oniul!:rrn:'r“ly thle';‘rurlé 5

, | ~ toosour. Alemon céhtams itric acid. You may have noticed that
~ black tea will change.c_olor when you add lemon juice.

*
i

In this chapter’s experiments, you will learn what’s going on
with these color changes and how bases or “alkalis” are involved

in the soap we use.



EXPERIMENT 5

Litmus solution

YOU WILL NEED HERE’S HOW

- test tube .
1. Measure 3 small spoonfuls of litmus

- measuring spoon . . .

gsp powder into a test tube filled with 3 cm
= stopper of water
- pipette ’

- bottle with safety cap
- litmus powder

- denatured alcohol

- cup of water

2. Seal the test tube with the stopper,
shake, and let the sealed test tube sit for
1dayinalocation where it will be out of
the reach of young children.

. Now carefully and slowly pour the deep
blue solution into the brown bottle. Do
LITMUS not stir up the insoluble dark residue in
POWDER the test tube. Throw it into the
household garbage. Half a test tube of
denatured alcohol added to the solution
will make it keep longer — ask your
parents to take care of this part for you.

o 4. Now put the safety cap with the dropper
insert onto the bottle and close it. You
can securely open and re-close the
litmus solution container by

DENATURED simultaneously turning and pushing.
ALCOHOL Have an adult help you with this.

TOOPEN TO CLOSE

Warnings for denatured alcohol:

Highly flammable liquid and vapor. Keep away from Request to parents: Keep the denatured alcohol
heat/sparks/open flames/hot surfaces. - No smoking. - locked away, and add the alcohol to the litmus solution
Keep container tightly closed. yourself.
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Turn blue
into red

YOU WILL NEED

- 3test tubes

- StOpper

- pipette

- litmus solution

- cup of white vinegar
- cup of water

HERE’S HOW

1. Fill a test tube with 7 cm of water and
use the pipette to add 7 drops of litmus
solution. Close the test tube with the
stopper and shake.

2.Divide the solution among three test
tubes. You will need one now, and the
other two for the next experiment. Use
the pipette to add 1drop of vinegar to
one of the test tubes. Shake it a little.
What do you see?

=
e =P

Note: . f
Litmus is made of a mixture 0

materials. It only hasa limited

shelf life. The dry powder should

have an earthy smell. You should

be able to make three partial'
litmus solution with

i f
portions 0 S

the quantity of powder in
here.

\/’""

EXPERIMENT 6

= ol
e 59 7 X
] LITMUS
+ | sorution
7CM k // /4
%
~\

0

1X = = S

VINEGAR

|

AT’S HAPPENING?

The acid in the vinegar brings
about a color change. The blu:
litmus solution turns light red.



EXPERIMENT 7

Another color
change?

YOU WILL NEED

- 2 test tubes with litmus
solution from Experiment 6

- measuring spoon

- tartaric acid

- cup

- lemon, lemon squeezer

HERE’S HOW

1. Add 1spoon tip tartaric acid to a test
tube of litmus solution. Swirl the test
tube alittle. Is there a color change?

2. Will it also work with fresh-squeezed
lemon juice?
Use a juice squeezer to squeeze half a
lemon and add the juice to aclean,
washed yogurt container. Now add a
few drops of the lemon juice to the
litmus solution in the remaining test
tube.

Safety Note: For tartaric acid, note the “Information
about hazardous substances” on page 7!

1x
TARTARIC
ACID

LITMUS
SOLUTION

«

LITMUS
I. Y | soLuTioNn

.‘*«

= WHAT
test tube, you get
geto light right. .And
1l with the tartaric
juice.

Whenyou swirl the
another color chan
it works justas we
acid as with the lemon

.
.o
........
..........
..............
eese
.........
.......



First blue,
thenred [

YOU WILL NEED

- 2testtubes

- measuring spoon

- stopper 1/2
- pipette WATER
- litmus solution

- sodium carbonate

- tartaric acid

- cup of white vinegar

- cup of water

HERE’S HOW

=

.Fill a test tube halfway with water and
add 5 drops of litmus solution. Close the
test tube with the stopper and shake so
that the litmus solution is evenly
distributed.

2. Color the blue solution light red with 2
drops of vinegar from the pipette.
Divide the solution between two test
tubes. You will need one of them now,
and the other for the next experiment.

3. Add 1 small spoonful of sodium
carbonate to one of the test tubes.
Shake the solution a little.

What do you see?

4. Now add 2 drops of vinegar with the
pipette.
What do you see now?

Safety Note: For sodium carbonate and tartaric acid,
note the “Information about hazardous substances” on
page7!
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EXPERIMENT 8

5 X

LITMUS y

SOLUTION ¢
.--rl."

=2 2x = /&
VINEGAR

L)

-
€
C

7 SODIUM

3 CARBONATE

] >

R 1| 2 X

- VINEGAR
a1

W
&

's HAPPENING?

= WHAT
arently unharmed .
Instead, it indicate‘s ]
base or alkali
some alkali

The litmus dye isapp
i d fro.
by all this to an'

whether acid (light red) oc;'
hand.
blue) has the upper .
((sodium hydroxide, orsodalye)is "

created when the sodium carbona

dissolvesin water.




EXPERIMENT 9

Soap turns it blue

YOU WILL NEED

- test tube

- stopper

- pipette

- litmus solution

- knife

- bar of soap

- cup of white vinegar
- cup of water

HERE’S HOW

1. Use a knife to scrape a few shavings off
apiece of soap, and shake the shavings
together with 5 cm of water in a test
tube.

2. Add the soap solution to the rest of the
red litmus solution from Experiment 8.
What do you see?

3. Now, use the pipette to add a few drops
of vinegar to this solution.

= WHAT’S HAPPENING?

LITMUS SOLUTION
FROM EXPERIMENT 8

(n \

(& ]
=i

X
VINEGAR
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EXPERIMENT 10

Caretoseea
magic trick?

YOU WILL NEED J ;

- 2testtubes

- measuring spoon
- litmus solution
- tartaric acid

- cup of water

1x

TARTARIC
ACID

-/
HERE’S HOW
1. Before the audience enters, get a test
tube ready by adding 1 small spoonful of ~ = 0
tartaric acid to it. From several feet 5 XTI ¥ |
away, your audience won’t be able to LITMUS | &
tell that there’s anything in it. SOLUTION | 4
_ 18
2. While the audience is watching, make - &
some “blue ink.” Fill a second test tube W;TCEAQ :
with 5 cm of water and add 5 drops of
litmus solution (do not let the audience -/
see the litmus bottle). Shake! Ready?
Now mumble your mysterious magic
spell: “Listen, ink, to my magic cry, turn
toredin the blink of an eye!” o =

3. Asyou do that, pour the “blue ink” into
the “empty” test tube and gently swirl
the test tube.

All the spectators
your ability to turn

Safety Note: For tartaric acid, note the “Information
about hazardous substances” on page 7!

will

be astounded by
the blue ink red.

.
.o
......
.............
cesees

............
..........
......
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CHECK IT OUT

KEYWORD:
LITMUS

Litmus dye is obtained

from lichens. You may PLANT DYES
nlichensin the

have see
woods. Theycan be found

growingon tree bark or
branches, or covering

—> There are many plant dyes, like litmus,
that react to acids and bases by turning
color. This kind of dye is found in
black currants, cabbage,

rocks.

elderberries, violet flowers, and
black tea. All of these dyes
have a similar chemical
structure.

»
N B
“‘“,"h

Note. ‘ i

Acids tyrp blue|

itmus soluti,
red. Bageg turn lution

L ) ) soluti red litmys
Cutared cabbage leaf into little pieces. Add the piecesto Olution blye, 1p,

a pot with % liter water. Now boil the red cabbage pieces :s an indicatoy {frs,:t,z:.ssomtio"
forabout 5 minutes under the supervision of an adult. ‘ '"difafe,”tOshoWo,d-'n

Let everything cool completely!  Pour some of the acids ang bases, 1Play)for
cabbage broth into a clean yogurt container. Then divide
the cabbage broth between two test tubes. Add alittle
sodium carbonate to one test tube, and add a little vinegar
to the other. Do yousee the differencein color?

N
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Still Water and
7 Sparkling Water

.
/ ’ Some people O)Jy like still water, wws pr‘e’fs&rklmg
)

Part of.the appeal ofspa.ddlngi/vaterqb .tﬁehbf)bles &

>

-

& but part also comes from its sllghtlya i -Tha |Ic| acidity
comes from carbonic acid. P,
\ ¥ v

» Asyoucan readilyimagine, it’s possiblestestest fo tjorf_aﬁ_;t}nic acid

chemically. _ _—




Magic trick with
“sour” air

YOU WILL NEED

- 3 test tubes, with stopper

- measuring spoon

- dropper pipette —
with paper collar c

- litmus solution

- sodium carbonate

- tartaric acid

- cup of water g

CARBON DIOXIDE

Safety Note: For sodium carbonate and tartaric acid, note the
“Information about hazardous substances” on page 7!

HERE’S HOW

You might have to practice this trick a little. If
you want to performitin front of an
audience, first complete steps 1-3.

1. Add 5 drops of litmus solution to 2 cm of
water in the first test tube, and shake it a
little.

2.In the second test tube, prepare some
carbon dioxide from sodium carbonate and
tartaric acid as you learned in Experiment
3.Insert the stopper so nothing can escape.

3. Pour the carbon dioxide into the third test
tube. Don’t let any of the liquid get into the
test tube, though. Hold one hand in front of
itsoas little carbon dioxide as possible
escapes. Quickly insert the stopper into the
test tube with the carbon dioxide and keep
it ready.

The presentation can start here.

4. “Pour” the carbon dioxide onto the litmus
solution in the first test tube. Close the test
tube with the rubber stopper and shake
vigorously.

> W

Carbon dioxide dissolves.m g
water, producing carbonicacid.
The “magic air” turns the blue

litmus solution red.

------

.....
.........
...........
.........
.......
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EXPERIMENT 12
Color change

YOU WILL NEED HERE’S HOW

- 2test tubes, with stopper

- pipette

- measuring spoon

- litmus solution

- sodium carbonate

- cup of sparkling mineral
water

- cup of stale, flat mineral
water (let it sit out for a day)

- cup of plain bottled water

- 2 cups of tap water

1. Dissolve 4 large spoonfuls sodium
carbonate in a test tube filled halfway with
tap water. Insert the stopper and shake
vigorously to dissolve all the sodium
carbonate. This is your “standard solution.”

2. Pour 3 cm of mineral water into the second
test tube and ad 5 drops of litmus solution.
Does the color of the solution change?

3. Now drip some of the standard solution
into the test tube from the pipette. Keep
track of the number of drops! Lightly swirl
the test tube.

Do you see the “blue clouds” that appear

SODIUM

CARBONATE and disappear again as you swirl the
liquid?
1/2 .
WATER

o 4. Keep adding drops of the standard solution
until a distinct blue color is still
recognizable after 10 seconds. Take note of
the number of drops you used! Repeat the
experiment with stale mineral water and
I 3CM plain bottled water.

5X

LITMUS
SOLUTION

STANDARD
SOLUTION

-> WHAT’S HAPPENI
soLuton id i i | water,
SoLuTion Thereis carbonic acid in ““:RT; e

i litmus SO .
which turns the nus y
The standard solutionisa base, an

gradually cancelsout the faffecthof the
acid. Themore acid thereisin the

re standard
i | water, the mo
o ave to add for the color

m

tionyouh
Safety Note: For sodium carbonate, note the 3 solu y R
“Information about hazardous substances” on page 7! t to change. o eeeeeeesenneeet

.ee
.....
............
........
.....
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ACIDIC,
NEUTRAL,
ALKALINE

In Experiment 12, you kept

adding the standard solution

and counting the drops until

you saw the color switch from

red to blue. It’s easy to explain

what caused the color change. As

long as there is still some carbonic
acid present in the mineral water, it
cancels out the effect of the added
standard solution. True, there will be a
temporary blue color at the spot where
the drop falls, since there will be an
excess of sodium carbonate here. When
you swirl the liquid, though, it mixes
things evenly, so the excess acid gets
the upper hand again. Only when the
effect of the acid is cancelled out by
the alkaline effect of the standard
solution does the excess of sodium
carbonate resultin astable blue color.

Chemists refer to this process as
neutralization. The term comes
from the Latin word neuter,
meaning “neither one.” When
the quantity of alkali is exactly
as much as the amount of acid,
the reaction of the solution is
neither acidic nor alkaline, but
neutral.

CHECK IT OUT

Liquid gas?

It’s-possit';le togeta
liquid gas by applying
pressure. You might
haveabeverage -
cfarbona}'ﬁng appliance
at home, a device you can
_use to make refreshing
spﬁrkling water out of plain
drinking water. In the rear part of the -

“device thereis a cartridge or charger

filled wit-l% liquid carbon dioxide kept
under high pressure. When the c '!rtridge_
valve is opened, which releases ?b(e
pressure,a portion of the carbon _
dioxide turns to gasagain and bubbles
through the wate}.'  the screwed-on
bottle. It’s a great solution for people
who don't like to lug around cases of
bottled water. ;

A F""(’ -
g =06 O

Note:

When the quantity of alkf\li
’ - exactly equals the quantity of.
acid, the reaction of the solution

is neither acidic nor alkaline, bu.t
neutral. When the acidic effect is |
cancelled out by the additl?n ofa

\ base, or an alkaline effect }s

d out by the addition of

ancelle =
. alization.

an acid, itis called neutr
/—-—f



Barsoap, shower gel, liquid soap — we wash our hands wi
- whatever we find by the sink. But not all soap is alike, and not

/ ' water is alike either.

The next few experiments will reveal some of the differences to

be discovered. A L L




To foam or
not to foam?

YOU WILL NEED

- 2testtubes

- stopper

- knife

- bar of soap

- 2 cups of tap water

- cup of rainwater

- cup of distilled water

HERE’S HOW

1. Use a knife to scrape a few shavings off
apiece of soap, and add the shavings to
atest tube with about 6 cm of water in
it. Carefully swirl the test tube to make
the soap dissolve, but not enough to
make it foam. You will need this solution
for some of the “soap experiments” to
come.

2. Add 2 cm of the soap solution to a fresh
test tube, insert the stopper, and shake
vigorously.

What do you see?

If it doesn’t foam up, your tap water is
rather “hard.” In that case, try repeating
step 2 with rainwater or distilled water.

«yard” water ¢
compounds, p2
(calcium bicarb
calcium comp

no cleaning po
foam formation re

the

EXPERIMENT 13

'g HAPPENING?

unts of soluble
hydrogen carbon ;
mbined with soap{ this
ble lime soap, whic

- WHAT

ontains large amo
rticularly calcium
onate). When €0
d forms insolu

_This kind of soapy w
o d for cleaning.

ate

hhas
ater has none of
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EXPERIMENT 14
Out of foam

YOU WILL NEED

- test tube

- stopper

- soap solution

- cup of flat mineral water

HERE’S HOW

1. Pour 2 cm of soap solution (from
Experiment 13) into a test tube, insert
the stopper, and shake until you get
some foam.

2. Pour some mineral water into a yogurt
container and add double the quantity
of mineral water to the foam solution.
Does the foam hold up?

50ap. So minery|
Minerals, 35 the
contains solyple cal
carbonate, amongo

Wwater contajng
nameimplies 1t
cium hydrogen
ther things,



EXPERIMENT 15
The foam is back!

YOU WILL NEED

- 1test tube °

- stopper

- liquid soap or shower gel
- cup of mineral water

- cup of tap water

172
WATER

HERE’S HOW

1. Add 1drop of the liquid soap to a test
tube filled halfway with water, insert
the stopper, and shake.

Does the solution foam up?

2. Now add a little mineral water.
What happens to the foam?

’ Me soap with the
hard” Water, so
and foam formation

Mminera| Materials jp
their cleam‘ng power
are not affected.
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EXPERIMENT 16
Washing

without lye

YOU WILL NEED

- 1test tube
- measuring spoon

- stopper ~ 5 X
. . - LITMUS SOLUTION
- litmus solution TARTARIC 1+
- tartaricacid ACID .
- liquid soap or shower gel :
— Y
s 5CM
HERE’S HOW WATER

1.Inatest tube, mix 5 cm of water, 5 drops
of litmus solution, and 1 spoon tip of
tartaric acid.

2. Add 1 or 2drops of liquid soap and mix
the solution.
Does the color change?

_, WHAT’S HAPPENING?

oap solutionin

u will get no blue color

f conventiona\ soaps
due to thestrong
In modern liquid
g alkalis

Unlike with thes
Experiment 9,y0
here. solutions 0
have an alkaline effect
ke them.

lye used toma
syoaps, on the other hand, stron

E acids.
Safety Note: For tartaric acid, note the “Information L are balanced by strong
about hazardous substances” on page 7! 3




Acid against
foam

YOU WILL NEED

- 2testtubes

- measuring spoon
- stopper

- soap solution

- tartaric acid

- cup of water

HERE’S HOW

1. First dissolve a small spoonful of
tartaric acid in 3 cm of water in a test
tube. You will also need this solution for
the next experiment.

2. Fill some soap solution (from
Experiment 13) into a test tube, insert
the stopper, and shake until you get
some foam.

3. Drip alittle of the tartaric acid solution
from step 1into the soap solution.
What does the foam do?

ion
The foam collapses and the so‘lutlo
turns cloudy. After alittle while, a

e
crumbly substance collect?on tshoap ot
id’ Thatisn’tlime ,
liquid’s surface. -

ir?soluble fatty acids that are separ

out by the acid.

~ ] X
TARTARIC ACID

3CM
WASSER

TARTARIC
ACID SOLUTION

»i:i." ..Lm-

Safety Note: For tartaric acid, note the “Information
about hazardous substances” on page 7!
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This time, the
foam stays

YOU WILL NEED

- test tube

- stopper

- tartaric acid solution

- liquid soap or shower gel
- cup of water

HERE’S HOW

1. Placelor2drops of liquid soap in a test
tube filled with 5 cm of water, insert the
stopper, and shake until some foam
forms.

2. Add some of the tartaric acid solution
from Experiment 17 to the soap
solution.

What happens to the foam?

_, WHAT’S HAPPENING?

s, and no crumbly sub-
! .
he reason? The acids

COlItallled n '“0de' n thHd Soapsr u“hke
'a.tty aCldS, are ‘Natel'solub‘e. So they
won t Sepa‘ ate Out \Nhen yOU add an

acid.

The foam remain
stance appears: T

Safety Note: For tartaric acid, note the “Information
about hazardous substances” on page 7!

5CMm
WATER

EXPERIMENT 18

e

)
@ TARTARIC ACID
i SOLUTION
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CHECK IT OUT

Soap is made by boiling fats

with an alkali. The ancient
Egyptians made soap 4,000
years ago by boiling alkaline
potash (plant ash) with oils.
These soaps, however, were
generally used for medicinal
purposes. After that, soap was
used for cosmetic applications,

such as in hair pomades. Only

later, in the 19th century, was

soap production refined. There SO FTEN ERS
were finally sufficient FOR THE

quantities of raw materials WAS H I N G

such as olive oil and alkaline
materials such as soda ash for M AC H I N E

soap to be producedin large

It’s not just something you can do, it’s
quantities at a low price, so something you have to do. Modern
washing detergents can handle hard
water, but soluble calcium compounds
can still cause problems. They decompose
during the washing process. The resulting
calcium deposits don’t just increase
electricity consumption, they can also
damage the heating elements. Special
water softeners “capture” the soluble
calcium compounds so they can’t cause
any harm.

everyone could afford it.
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o .

s\

Prussian Blue
and Invisible Ink

In these exciting experiments, you will learn about the / R
best way to write top-secret messages and the ” :

chemistry behind invisible inks.



Prussian blue

YOU WILL NEED

- 2test tubes o

- measuring spoon

- pipette

- ammonium iron(lll) sulfate

-> potassium
hexacyanoferrate(ll)

- cup of water

HERE’S HOW

1. Dissolve one very small spoon tip of
ammonium iron(lll) sulfate in a test tube
filled halfway with water.

If the ammonium iron(lll) sulfate powder
has solidified into a block, use a hard
object (such as a hammer) to crush it
between two sheets of paper. Don’t hit
it, though, just press and grind. If
possible, have an adult help you.

2.Inasecond test tube, prepare a
potassium hexacyanoferrate(ll) solution
as described in the environmental tip on
page 37.

3. Now take the solution you made in step
2,and add 8 to 10 drops to the
ammonium iron(lll) sulfate solution
from step 1.

Does the color change?

You will need to keep the solution for
the next experiment.

Safety Note: For ammonium iron(l1l) sulfate and potassium
hexacyanoferrate(ll), note the “Information about hazardous
substances” on page 7! For potassium hexacyanoferrate(ll), also
note the environmental tip on page 37!

~ 1 X

| jon.
| NI SULE gave the so\ut.\ for
o \(ouw'\\\need\t
other exper'\ments.
- n
E 3 |
12 \\
WATER |
\
L |
1
{ /
o £~ =
-.E_ a 1 X
% | POTASSIUM
HEXACYANO-
: | FERRATE(I)
= ~n
\
- 1/2 .
WATER \\
\
N S
\\
W
== 8 X
' | potassium
8 | HEXACYANO-
4 | FERRATE(I)
k21 SOLUTION

C_»=

—> WHAT

Ammoni
um hexacyanoferr
form a deep blueso
blue pig

...........
..........
......

um iron(il1) sulf
ate(ll

ment is known

EXPERIMENT 19

ate and potassi-
) will combine to
|ution. This peautiful i
as “Prussian blue’

ees®
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EXPERIMENT 20

Erasing the blue

YOU WILL NEED

- test tube

- measuring spoon _
- sodium carbonate ':'
- prussian blue solution from L AN
Experiment 19 = 1 X
- potassium . SODIUM CARBONATE
hexacyanoferrate(ll) .
- cup of water -
5CM
HERE’S HOW WATER
ut

1.In atest tube, dissolve 1 large spoonful
of sodium carbonate in 5 cm of water.

. Use the pipette to add sodium
carbonate solution drop by drop to the

Prussian blue from Experiment 19.

Does the blue color stay?
. SODIUM
> 9 d o - CARBONATE
SOLUTION

Envnronmental tip; PRUSSIAN BLUE
:;:::'sium he)_(acyanoferrate{u) is harmful to o
€ Organisms, 5o as fittle of it 3¢ possible

::');a;vc;l;nq;;errate(ll) inatest tue filled
WIth water. Store the solution j

: u
clear?, labeled via|. Then, take just ttfllzn -2

Tequired amount from th
e vial (usyal|

x;n/gr;ps) when you need it. That wa;}{zzta '

iy r;r. Ve to prepare a neyy batch for ever

e geﬂtnn:eerr:tt. T:e b,lue residue produced in rr}:e :

X S should be rinseq ¢ i : i
i o own the drajn : :
ik 1um carbonate ang 5 lot of o

; tth :
; eing tes €solutjo :
> e Pore ted can't have 5 :
= : : action, sir Nalkaline ]
. unstabl N PrUSSian b'ue :
. e] i S
Safety Note: For sodium carbonate, note the “Informa e o tion

tion about hazardous substances” on page 7!



Invisible ink

YOU WILL NEED i

0 ! 1X
AMMONIUM IRON(II)
SULFATE SOLUTION

- 2test tubes
- measuring spoon

= pipette " | “INviSIBLE INK”
- ammonium iron(lll) sulfate k
- potassium hexacyano- = IZ CM WATER
ferrate(ll) solution from “w’ o

Experiment 19
- nib pen or paint brush

- yellowish paper

- blotting paper L

- cup with water

HERE’S HOW

1. Dissolve a small spoonful of e
ammonium iron(lll) sulfate in 2 cm of
N : POTASSIUM

" HEXACYANOFERRATE(II)

2. In letters that are not too small, write 1\ SOLUTION
a brief secret message on the yellow \\
writing paper with the ammonium \

iron(lll) sulfate solution. Let the
“invisible ink” dry.

3. The recipient of your message will
just need to soak a sheet of
blotting paper with potassium
hexacyanoferrate(ll) solution (simply
drip the solution on the paper with
the pipette) and lay the paper over
the message.

What happens to the secret writing? When the recipient lifts
: tmessa

= WHAT’S HAPPE :
off the blotting
i wup
paper, the secre ge will show up
in aclear blue color.

.
...............
...............
cessssse
...........
......

Safety Note: For ammonium iron(l1l) sulfate and potassium

hexacyanoferrate(ll), note the “Information about hazardous

substances” on page 7! For potassium hexacyanoferrate(ll), also Blotting paper soaked with chemical solutions should
note the environmental tip on page 37! only be touched with protective gloves!
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EXPERIMENT 22

Now things get o ~
colorful! 1X|, -
AMMONIUM A =g
IRON(III) SULFATE |-
YOU WILL NEED B| 1X
= *| POTASSIUM HEXA-
- 3test tubes 3“‘"1 i .| cvanorerraTEMD
. WATER :
- measuring spoon ./ -
- stopper I 3CM
- ammonium iron(lll) sulfate ./ 1 WATER
-> potassium
hexacyanoferrate(ll) 0
- tartaric acid
- marker \
- cup of water (|
1x
TARTARIC
HERE’S HOW ACID
1. Mark one test tube with an “A” and a 3CM N
second one with a“B.” Pour 3 cm of water in WATER I

each test tube, and set them in your lab

station. Add a small spoon tip of

ammonium iron(lll) sulfate to test tube A,

and a small spoon tip of potassium
hexacyano-ferrate(ll) to test tube B — just o
afew crystalsin each case.

.In the third test tube, “C,” dissolve a small
spoonful of tartaric acid in 3 cm of water.
Insert the stopper and shake well!

. Pour the colorless tartaric acid solution
into test tube A. Insert the stopper and
shake thoroughly!

What color is your solution?

. Now pour the golden yellow solution from
step 3into test tube B.
Does the color change?

Safety Note: For tartaric acid, ammonium iron(ll) sulfate, and
potassium hexacyanoferrate(ll), note the “Information about

hazardous substances” on page 7! For potassium hexacyanoferrate(ll), *
also note the environmental tip on page 37!

Cee

—> WHAT
The golden yello

the action of tartaric
compounds.The bl

acidic solutionst

W
-+

[

»s HAPPENING?

w solution is created by

acid oniron

ue solution, of course,

hich is more stablein
hanin alkaline ones.

.
............

s Prussian blue, W

.......
..........
.........
........
.....
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EXPERIMENT 23

Nothing’s
happening!

YOU WILL NEED

- 1testtube

- measuring spoon

-> potassium
hexacyanoferrate(ll)

- shiny iron nail

- cup of water o F== ] X
POTASSIUM
+ | HEXACYANOFERRATE(II)
HERE’S HOW
1. Dissolve 1 spoon tip of potassium =t
hexacyanoferrate(ll) in 3 cm of water. } 3VE\ATAER
A4

2. Place aniron nail in the solution.
Does anything happen?

0

_> WHAT’S HAPPE

Nothing is happening. Alot of cein
chemical reactions only take p

aqueous (water-based) solutions. ‘
potassium hexacyanoferrate(ll) only

i s the
reacts to dissolved iron, such)a o
. . u
i jum iron(il) s
i in an ammon

Safety Note: For potassium hexacyanoferratefl, note the : iron ] J
“Information about hazardous substances” on page 7 and the : solution.
environmentaltiponpage37! 1 Ceiceesssssessetettettt
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INVISIBLE INK
FROM THE KITCHEN

Do you have to write a secret message
quickly? And does it have to reach your
friend right away? You won’t always have
ammonium iron(Ill) sulfate and potassium
hexacyanoferrate(ll) on hand. You’re more
likely to have a lemon, some light-colored
table vinegar, or an onion. The easiest way
to get onion juice is by squeezing some
onion pieces with a garlic press. Now onion
juice, vinegar, and lemon juice will be your
invisible inks.

For writing, use a nib pen or a feather with
the tip cut off at an angle. After the ink
dries, you won’t be able to see the writing.
To turn it visible again, simply hold the
paper above (but not directly on) a heater
or hot plate with a pair of barbecue tongs.




It’s inside the remote control of a toy car and in the smoke
detector on the ceiling. Almost everyone has a 9-volt battery at
home. A useful little battery like this can do a lot of other things
too — like dissolve iron and copper. And as you can imagine, it’s
possible to test for those dissolved metals.

Electrochemical
Reactions




Electrochemical Reactions | 43

EXPERIMENT 24
Dissolving iron

YOU WILL NEED

- 1test tube

-> measuring spoon

- stopper

- battery clip o :
- 9-volt square battery 8CM .
- tablesalt WATER 3

- cup of water

HERE’S HOW

1. Add 4 large spoonfuls of table salt to a
test tube filled with about 8 cm of water.
Insert the stopper and shake until all
the saltis dissolved. e

TABLE SALT
2. Then fill the test tube almost to the rim SOLUTION
with water and setitin your lab station.
Bend the double-headed measuring
spoon as shown in the illustration and
suspend itin the solution.

3. Immerse the end of the black wire
(negative terminal) of the battery clip in o
the solution. Press the metal prong of
the red wire (positive terminal) against
the spoon.

Be careful not to let the black wire’s
metal prong touch the spoon. That
would cause a short circuit!

Whatdo you see happening at the posi-
tive and negative terminals? - WHAT’S HAPPE

sof gasat the black
llow clouds
the spoon. What

Thereare bubble
wire, and you will seeye
descending gently from
could that be?

.o
...........
.........
..........
.........
..........
......



The proof is blue

YOU WILL NEED

- 1test tube

- measuring spoon

- stopper

- battery clip

- pipette

-> potassium
hexacyanoferrate(ll)
solution from Experiment 19

- 9-volt square battery

- table salt

- cup of water

HERE’S HOW

1. Prepare a table salt solution as you did in
Experiment 24, and then fill the test tube
with water again. Set the test tube in
your lab station.

2. Use the pipette to add a few drops of the
potassium hexacyanoferrate(ll) solution
to the salt solution.

3. Arrange the measuring spoon and wires
asyou did in Experiment 24, and watch
the negative and positive terminals.

AT’S HAPPENING?

blue clouds

see
few seconds, you
coming off the end of the i\po:z:::be e |
inki pottom of the te . 3
sinking to the the test
prussian blue indicates |r0|:\ is bemgr e
dissolved there.The electrical poweur.mg
extracted some iron from the n?eastin
spoon. At the tip of the black wire, tiny

bubbles form.

.........
.........
...........
.........
......

Aftera

.
............

8CM
WATER

()

POTASSIUM
HEXACYANO-
FERRATE(II)
SOLUTION

e
[...- L

TABLE SALT SOLUTION

Safety Note: For potassium hexacyanoferrate(ll), note the
“Information about hazardous substances” on page 7 and the
environmental tip on page 37!
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Dissolving
copper

YOU WILL NEED

- measuring spoon

- stopper

- battery clip

- pipette

- potassium hexacyano-
ferrate(ll) solution from
Experiment 19

- 9-volt square battery

- table salt

- cup of water

- paper towel

HERE’S HOW

1. Asinthe last experiment, prepare a
table salt solution containing a few

drops of potassium hexacyanoferrate(ll)

solution.

2. Switch the negative and positive
terminals as shown in the illustration.
Now, the negative terminal is on the
measuring spoon, while the exposed
end of the red wire, the positive
terminal, isimmersed in the solution.
Isthe reaction different fromin
Experiment 24?

At the end of the experiment, use a
paper towel to clean the copper-
containing metal prong at the end of the
red wire.

Safety Note: For potassium hexacyanoferrate(ll), note the
“Information about hazardous substances” on page 7 and the
environmental tip on page 37!

EXPERIMENT 26

2

s POTASSIUM
S 4 HEXACYANO-
5 FERRATE(1I)
3 SOLUTION
r
S
=
=

_, WHAT’S HAPPENING?

e current flows, bubbles of

uring spoon.
i from the meas .
gas rise UP brown clouds sink from

ile, little
Meanwhile, lit X
the red wire to the bottom of the t(:s
tube. The wires are made of copper.

When current flows through th;:;,nses
of the copper dissolves and co o
with potassium hexacyano'ferr o
form the brown clouds, which co

per hexacyanoferrate.

ome

cop




EXPERIMENT 27
Electrified coins

YOU WILL NEED

POTASSIUM
HEXACYANOFERRATE-
TABLE SALT SOLUTION

- measuring spoon
- battery clip
- pipette
- potassium hexacyano- 0
ferrate(ll) solution from
Experiment 19 b
- white coffee filter or white
blotting paper
- 9-volt square battery
- copper penny
- table salt
- cup with water

HERE’S HOW

1. Prepare a table salt solution as you did
in Experiment 25. Add a few drops of the
potassium hexacyanoferrate(ll)
solution. Soak a piece of blotting paper
with this solution mixture.

2. Next, assemble the experimental setup
shown in theillustration. Wait about 10
seconds. Then lift up the coin.

Do you notice anything on the blotting
paper?

Sy WHAT'S HAPPENING?

re made of zinc coated
f copper. As long as :
n off, you will

ion left behind
actionis

one-cent pieces @
with athinlayero
that coating hasn’t wor
see abrownish impress
on the blotting paper. There

. iment 26.
me as in Experime
Blotting paper soaked with chemical solutions should only be thesamea

handled with safety gloves.

Safety Note: For potassium hexacyanoferrate(ll), note the
“Information about hazardous substances” on page 7 and the
environmental tip on page 37!
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EXPERIMENT 28

Red litmus
colored blue

YOU WILL NEED

- 1test tube

- measuring spoon

- stopper

- battery clip

- pipette

- litmus solution

- 9-volt square battery
- table salt

- cup of white vinegar
- cup of water

HERE’S HOW

1.Add 2 large spoonfuls of table salt to a
test tube filled with about 7 cm of water,
insert the stopper, and shake.

2. Use the pipette to add 10 drops of litmus
solution and 1drop of vinegar, which
will give you a red-colored solution.

3. Use the same experimental setup asin
Experiment 24. The negative terminal
should not be immersed too deeply in
the table salt solution. As soon as the
current flows and gas production starts,
keep an eye on the surface of the liquid.
What do you see?

4. Keep the battery connected so the
current continues to flow.
Does anything change?

Safety Note: For potassium hexacyanoferrate(ll), note the
“Information about hazardous substances” on page 7 and the
environmental tip on page 37!

~\ Ly f )
1x 5] 10X
VINEGAR 'l LITMUS
i1 SOLUTION

AT’S HAPPENING?

of the liquid, you will be
r blue color that comes.
an alkaline reactionis
ouwaita little longer,

Near the surface
abletoseed clea
and goes, meaning
occurring there. Ify
the solution will turn yellow.
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TABLE SALT CRYSTALS
UNDER THE LENS

Table salt is a compound of the elements
sodium and chlorine, and is therefore

called sodium chloride. Sodium and
chlorine — like all elements — are
composed of tiny particles known as
atoms. In a table salt crystal, the sodium
atoms have a positive electrical charge,
and the chlorine atoms have a negative
charge. They are held together by these
opposite charges, in the arrangement
shown in the illustration. {

« Chlorine ions,
negatively

charged

< Sodium ions,
o positively
charged

CRYSTALS BREAK
DOWN

When table salt is dissolved in water,
the crystals become decomposed into
positively-charged sodium atoms and
negatively-charged chlorine atoms. If
the two terminals of a current source,
such as a battery, are immersed in the
solution, the positively-charged
sodium atoms migrate to the negative
terminal, and the negatively-charged
chlorine atoms migrate to the positive
terminal.

The metals dissolve at the positive
terminal. On the measuring spoon, you
getironions,and you get copper ions at
the wire’s copper-containing contact
pin.As the chlorine ions migrate there,
they combine to form metal chlorides.
Then, you get the observed blue or
brown coloration with potassium
hexacyanoferrate(ll).

The positive sodium ions migrate to the
negative pole, where adecomposition
of water takes place, with hydrogen as
one of the products of decomposition.
That’s what you see bubbling up from
the negative terminal. The other
decomposition product combines with
the sodium ions to form sodium
hydroxide, or soda lye. That’s what
caused the temporary blue coloration
of thered litmus solution in the last
experiment. After a short while, the
chlorine bleached the litmus pigment.
That’s what led to the
yellow color that
you saw next.

Note:

since charged atoms
migrate to the oppositely-
charged pole, they are
Known as ions (from the
Greek word meaning “t0

go").
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