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“Plgy is learning without punishment!

If | were to present myself before you with an offer to teach you some new game—
If | were to tell you an improved plan of throwing a ball,

of flying a kite, or

of playing leapfrog
Oh, with what e EenTEiom you would listen to me!

Well, | am going to teach you many new games.
| intend to instruct you in a science full of

interest, wonder, and heauty

a science that will afford you amusement in your youth, and riches in your more
mature years.

In short, | am going to teach you the science of @HM[STR JYZ

— Dr. Scoffern, Devonshire, England,
Chemistry No Mystery, 1848
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The old shell game.

How keen are your powers of
observation?




“Super Slurper” CHy——CH
(Sodium Polyacrylate)
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Students do it ALL

e do an activity or observe a demonstration
 form testable questions

e devise an experiment to answer their testable
guestion

e make observations and collect data
* jnterpret data to provide evidence

e develop a claim about the system they are
Investigating

e use evidence to substantiate their claims




so Your Challenge is to:

make observations
formulate testable questions
design an experiment
collect evidence
formulate a claim
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P oRIFIC SCIENCE




o TerrIFIC SCIENCE
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| Hot Stuff:

Investigating Reusable Heat Packs

supersaturated sodium acetate solution
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Additional research & literature
reveals




Fortune Telling Fish
Non-moisture-resistant cellophane
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the fish is made of

M cHoH

Cellulose




Wrapper for Fortune Telling Fish
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the wrapper is made of

H H

i

H H
Falyethylene
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Gathering Evidence




Testing if the type of hanger affects the results







Testing if the length of the string affects the results




Grade 2 student’s claim
with substantiating
evidence
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What types of observations?

Qualitative Observations

Quantitative Observations
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Discrepant events are only possible if
prior experience would tell you otherwise

“Expect the unexpected”

Chinese proverb







Where Would We Be Without Chemistry?




Where Would We Be Without Chemistry?

no chemical reactions



Where Would We Be Without Chemistry?

no leather or rubber



Where Would We Be Without Chemistry?

no paint or coatings



Where Would We Be Without Chemistry?

no metals or polymers



Where Would We Be Without Chemistry?

No fabrics



Where Would We Be Without Chemistry?

H, O 50.1 kg
C 12.6 kg
70 kg male N L8k
Ca 1.7 kg
P .68 kg
K .25 kg

Na, Mg, Fe, etc — .32kg



Where Would We Be Without Chemistry?

No you!
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Reunite the F 0N and MENTAL

aspects of scientific play !

e By combining the fun/hands-on and
mental/minds-on aspects of science teaching
and learning, we have found that BOTH
increased motivation and understanding
result.




Some M&M Science




Students do the science

e using observational skills

e forming testable questions

e designing experiments

* collecting data |

e analyzing data to provide evidence
for a claim that can be defended

Teachers set the perimeters

* |s there something you observed about your
system that led you to ask this question?

 What data will you need to gather in order to

l)answer your question?

/)

~7 e What tools, materials, & methods will you use

to do your experiment & collect this data?




Student-generated Testable Questions

e Do all the colors act similarly?

* Does the temperature of the water affect the dissolving rate?

e I[f more than one M&M are in the same bowl, will the colors mix?
e Will the results be the same if | use oil instead of water?

 What will happen if | stack M&M'’s in a test tube instead of a bowl?
Will the order of stacking make a difference?

e Are the results different if | pour the water over the M&M’s as opposed
to dropping them into water?

e Do different types of M&M'’s (peanut, pretzel) or other types of hard-
shelled candy (Skittles, Reese’s Pieces) act similarly?

e |s the color that dissolves in a sphere completely surrounding the
candy?

e Would a colored sugar solution dropped in water act similarly?






A Grow Beast Challenge:
How? Why?

Any testable questions to
help solve the challenge???

estimate growth
*Weighing it

ISBN 0-06-444186-5



Gro-Dinos

control

sprite

salt water

grape juice




Exploring solids, liquids, & gases in
a syringe

Push on g
rubber cap. *

S

B '.
Slowly
push up J
plunger
until all the
gas is out Eﬂj C

/'

If there is gas
in the barrel,
turn the

syringe so its L
tip faces up.

of the barrel.

Pull 20 cc liquid &
into the syringe.
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| From phenomena to

student generated models...

* Trap air inside a syringe. Observe as you increase
and decrease the pressure.

e Put a small, tied-off balloon into the syringe.
Close the system. What happens if you decrease
the pressure in the syringe? =

e Repeat the experiment with a marshmallow.
What happens? &

&
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HS Student’s Visualization & Storyboarding

Macroscopic Visualization Explanation
~ View at molecule level of model

- )-nvk mplecules inside dhe

bolloon and 4he sure :

ot Qthng @s O Mol |

enclosed g&,\s%{ ead 1

= gmot.y When  the poessun
1S




What do whoopee cushions, potato guns, |
and exploding straws have in common?
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Straws: Science Tools

Work in pairs.

One partner hold a straw.
The other prepare to flick.
Then

Figure 3: After (a) grasping the straw with both hands,
(b) twist one hand over another until about two
inches of unrolled straw are left in the middle.




Home-made potato shooter

metal conduit about 1.5cm diameter x 47cm long




SCIENC
f@‘ﬁmﬁc .

dowel potato plug

' N

Push the potato
plug farther into
the tube.

Figure 4: Push the plug 5-6 cm (about 2 inches) into the tube with the dowel.
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o Charles Law meets the bubble film

Simple... yet surprising
&
they are doing it!

Placement in your curriculum

egas laws (V a T)
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Crushing
bottles
reversibly
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funnel

soft-drink
bottle

\

Figure 1: Assemble
the setup.
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Density Bottle
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Household Density Column |
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What's happening
here?
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Cartesian Divers ooy pn w7
paper clips—p
(@) L
} - =
g \ S A_J
(b)

Beral Pipet Folded straw




How Much Sugar in Your Soda?

watar line on

=
|

pﬁ
ia—/—hﬂﬂdw

Figure 1: A pencil hydrometer
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Collecting evident to understand the system




The System

Procedure:

eLight the candle

eInvert jar or other container

*Quickly lower it over the candle & into the water




Students observe.

*A few bubbles at the very
beginning (¥40% of the time)

*\Water rises into the jar
*The flame goes out

e\Water continues to rise
even after flame is out




What testable

guestions can you
ask?

What variable would you change that
could allow you to collect information to
answer your question?




Group1l L% ]

Does increasing the
amount of heat
affect the results ?







Group 2:
testable question

Does the height of the
candle change the results?







Group 3
Does a larger bottle

affect the results ?







Note the sides of the
container




other views




Another group tries a similar test
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Pooling results...
The Sum 1s Greater than the Parts

e As groups share their claims and evidence with the
class, the knowledge base of the class increases.

e As a class, they negotiate meaning from the various
studies that were undertaken.

e Formulate more advanced claims as the discussion
progresses.




Resource search reveals

Charles’ Law: VT

accounts in part for
the bubbles observed initially TTN"VT
ewater moves into jar T, V{,

BUT wait.. There is MORE to search...




Resource search reveals

Gay-Lussac's Law: Px T

accounts in part for
the bubbles observed initially TTNP
ewater moves into jar T, P\,

BUT wait.. There is MORE to search...




Resource search reveals

Avogadro's Law: V &« n

But is “n” changing?




Combustion of wax

C,-H,- (g) + 26 O,(g) = 17 CO,(g) + 18 H,0(g)

Moles of gas as the reaction is in process:

1(g)+26(g) > 17(g)+18(g)
27 moles (g) reactants 35 moles (g) products nTVD

When the system cools: 18 H,0(g) > 18H,0(l)

Moles of gas once cooled:
1(g) +26(g) 2> 17(g) +

* AN
27 moles (g) reactants 17 moles (g) products




Let’s look at the details....

C,-H,- (g) + 26 O,(g) = 17 CO,(g) + 18 H,0(g)

Moles of gas as the reaction is in process:

1(g)+26(g) >  17(g)+18(g)
27 moles (g) reactants 35 moles (g) products

When the system cools: 18 H,0(g) = 18H,0(l)

Moles of gas once cooled:
1(g)+26(g) > 17(g)+
27 moles (g) reactants 17 moles (g) products




Phases changes make a difference

1 gram of H,0(g) occupies about

1300 times

the volume of the same mass of H,O(l) I ! I'!
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What's happening
to the water?




What temperature
does water boil at?




fh‘apur Pressures of Diethyl Ether, Ethanol,
and Water at Various Temperatures

760 toer = 101.3 kPa

ang | = 1 atm

£ a0

= Diethyl ether Ethanal Water

g Marmal Marmal

a bp. 4.6 b.p. 100.°C
400

o

&

=M 0 21 40 a0 ED 100 120 140 180
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Hand boiler (love meter)

()\ How does it work?

i Is this boiling?

base chamber—>




Useful, engaging, & fun chemistry tools!

Hand boiler (love meter)

the engineering/design of the toy

/!w Challenge students to figure out
- «the science of the system
|

&=
2 ] _

“= -,  Placement in your curriculum
= *how gases make pressure
-\ egas laws (P a. T)

\ ewhat Is boiling & what isn't
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carefully invert ...

keeping ALL of the colored liquid in

the base chamber..
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What does the chamber feel
like?

Ice-salt bath




Shrinky Dinks®

Adapted from Polymers All Around You, 2nd edition, published by Terrific Science Press, www.terrificscience.org

~a ™
The Joy of Toys
Mational Chemistry Week 2005
Find more toy-based activities
at www.terrificscience.org.
- .*‘}- “q_(\*“‘”s""?r‘,%_
F| e = =
nafional = =
H:}fwr l*ﬁ ry = b
- o = R TIN
N g

@ 2005 Terrific Science Press™

Commercial Toy: Shrinky Dinks Shrinkable Plastic

Other Stuff: r»conventional or toaster oven (not a microwave)

=permanent markers =aluminum foil =cookie sheet or toaster oven tray

=oven mitt  »spatula »(optional) clear container made from polystyrene plastic
(recycle code #6)

What to Do:

o Use permanent markers to create a design on a piece of Shrinky Dinks or
polystyrene plastic. Place it on a cookie sheet or toaster oven tray lined with
aluminum foil.

o Heat the plastic in a preheated 325°F oven until it stops shrinking. It typically
takes about 30 seconds and will curl and then reflatten in the process.

€) Use an oven mitt to remove the cookie sheet or tray from the oven. Use the
spatula to remove the plastic from the foil and set it aside to cool.

How It Works:

Shrinky Dinks and containers with recycle code #6 are made of polystyrene, a
common polymer that shrinks when heated because of how it is made. When

the plastic is manufactured, it is heated, stretched, and then quickly cooled. The
sudden cooling “freezes” the molecules of the polymer into their stretched-out
position. When they are heated again, the polymer molecules return to their original
positions, resulting in the observed shrinkage.

More Fun?

Terrific Science Press (www.terrificscience.org/bookstore) offers the following
books that include activities with shrinking plastic:

»» Teaching Physical Science through Children’s Literature
= Polymers All Around You, 2nd Edition

Want to buy Shrinky Dinks? Visit the Terrific TOY Store at
www.terrificscience.org/tovstore.

All rights reserved. Reproduction permission is granted only to scientists, educators, youth leaders, or parents for nonprofit educational outreach to children. The publisher takes no

responsibility for the use of any materials or methods described in this document, nor for the products thereof. The publisher takes no responsibility for changes made to this document.



Shrinking Plastic

@) Polystyrene
PS



ISBN 0-064-43129-0
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Fluorescence &Phosphorescence
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violet indigo blue green yellow orange red

Visible light
10712 10710 o= 1078 1™ 1072 1 102 10*
] I I ] I 1 I ] I
Wavelength (m) increases )
‘ Energy increases
Gammarays  Xrays Ultraviolet (UV) Infrared Microwaves Radio waves
medical X rays sun  heat microwave ovens, UHFTV.  FMradio, AM radio
lamps lamps police radar, cellphones  VHFTV

satellite stations
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Whiter than white?

absorbs energy in the UV portion of the spectrum and
re-emits it in the blue portion of the visible spectrum

— 11} ‘Wr
‘_‘{‘['J!._Wﬁppwupgljﬂ“}‘#‘ﬂ | Ll

cc Creative Commons







1ERRIF!C SCIENCE

Fluorescence
Models that involve role-playing

UV light provides energy to “kick” electrons up to an excited state.
When they return to ground state, energy is given off as light.
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Phosphorescence

An intermediate level is available for excited electrons to land before
returning to the ground state. Light continues to be given off even
after energy source is removed.







phosphorescent vinyl another use

/NS doped with CU:
emission occurs at 520 nm |

Wavelengths of the LED light:

 RED A=630 nm
e GREEN A =525nm
e BLUE A=470 nm




a common craft toy

Make
observations

Generate
testable questions
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Formula writing

sodium chloride

Na+>{1 NACl
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magnesium chloride

|V|g+z>{ vgCl,
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AI® 07 AlLO,




Radicals

hydroxide OH
sulfate SO,

nitrate NO,*
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calcium hydroxide "
Ca*s OH

Ca(OH),
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aluminum sulfate

Al3 S04

Al,(SO4),
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Mixture or Pure Substance?




Pop beads or Legos: Science Tools

?? Element, Compound, or Mixture ??

compound
XY or A-B

pure substance




Sample B

mixture

of two different elements

Y [monoatomic element]
(X-X) [diatomic molecule]




Mixture of 2 compounds

compound (X-Y-X-Y) ]
and ISOMErS
compound (X-X-Y-Y)




7 TerriFiC SCIENCE

Share and Share Alike?




pure covalent
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Tug of War

polar covalent
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Tug of War
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gravity bottle

Ant



Testable questions ?

ials?

Other mater

How big can the hole be?

in diameter

~1.3¢cm

ST I,

NI

LA AN AN

RUINIA

5 ....u.. RN
e
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Models as teaching tools...

This End Up

Water Molecules




Modeling the behavior of water

¢ BEILEEI DEETLO
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Modeling the behavior of water







%%.ﬁpmﬂc SCIENCE Modeling the behavior of water




NCE . .
-@ﬁﬁﬁﬁ:’c SCIE Modeling the behavior of water
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Modeling the behavior of water

Nonpolar
substance




Drops on a coin

How many drops of water
can you place on a coin |
before the water spills off?




Drops on a coin

Surface moleculeis
pulled inward

Inner molecule is
pulledin all directions




Red drop---Green drop

Materials:
*Waxed paper
eToothpick
*Red liquid
*Green liquid

e Examine a drop of each on waxed paper.

* Try drops on a penny with each.

Which liquid is colored water?

What type of chemical was added to the other liquid?

We used a surfactant.




How do they do this?




Can you do this?
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WATER

e The “universal non-solvent”
 Hydrophobic effect
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“Holeyness of matter”
H,O0+H,0="7

= % fill tube with colored water
= COMPLETELY fill with colorless water IMMEDIATELY

cover with your thumb... do NOT remove your thumb

sSLOWLY Invert 4 times while observing (feel & look)

" Move close to ear and remove thumb

Quiet EVERYONE & listen carejullly 144




“Holeyness of matter”
H,O + alcohol="7?

= % fill tube with colored water

» COMPLETELY fill with alcohol & IMMEDIATELY
cover with your thumb... do NOT remove your thumb

sSLOWLY Invert 4 times while observing (feel & look)

" Move close to ear and remove thumb

Quiet EVERYONE & listen carejullly 144




50 mL H,0 + 50 mL H,0 =100 mL H,O

BUT

50 mL H,0 + 50 mL a/cohol 7
100 mL solution




Modeling to explain




Modeling to explain




Mixture
Separation
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Chromatography Garden




Radial
Chromatography
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Colorful Gala
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carefully invert ...

keeping ALL of the colored liquid in

the base chamber..
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What does the chamber feel
like?

Ice-salt bath




Distillation

Before —— After ~
| |
| dye in
solution
| ]

empty colorless liquid */5
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Student explorations

Push on T
rubber cap. *
N -~
- o £, g
/ ' Slowly
If thereisgas || E push up .
in the barrel, plunger
turn the until all the
syringe so its gasisout L' [
tip faces up. of the barrel.
Pull 20 cc liquid 2
into the syringe. *

epressure changes
temperature changes
°methyl red indicator (if colorless soda)
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Conservation of Mass
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Visualizing a Chemical Reaction

decomposition reaction
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Visualizing a Chemical Reaction

single replacement reaction
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_ bag full of
chemistry
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Figure 1: Small bag inside larger one
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Be sure clips make
contact with pencil

graphite.
R
e Pencil
N e M [ enci
o <« electrolysis
assembly

v

Figure 1: Assemble the pencil electrolysis apparatus.
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4H,0(l) + 4e- — 2H, (g) + 40H (aq)
2H,0(l) = O,(g) + 4H*(aq) + 4e

BH,O(l) > 2H,(g) + O,(g) + 4H,0(l)
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Chemiluminescence




A scientist is someone whose curiosity
survives education’s assault on it.

— Sir Herman Bondi
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A scientist is someone whose curiosity is
nurtured by education’s impact on it.
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Someone once said...

A good teacher is...

w. o
— 1/3 heart |
— 1/3 head ' |

— 1/3 ham
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