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Pacing suggestions appear as highlighted text for Lessons 3 & 4.

How students will engage with each of the phenomena

UNIT STORYLINE T
How can we make something new that was not there before? [ ]

Phenomena or Design Problem What we do and figure out How we represent it

LE N1 We observe different bath bombs and what they do
550 when added to water and then develop individual Our hul-ml (onsensus Mede|
4 days models and explanations to show what is happening —_— T e
at a scale smaller than we can see. We develop an Hor what we  sow hﬂPPe"‘"':’j to
What happens when a bath initial class consensus model, brainstorm related selid both et 1A water,

phenomena, develop a DQB and ideas for
investigations to pursue. We figure out that:
¢ We had competing ideas for whether the matter
in the solid that we started with is still there after
it is added to water. Some thought that it was all
still there, while others thought not all of it was
still there.
* We had competing ideas for where the gas came
from that was in the bubbles that appeared. One

bomb is added to water (and
what causes it to happen)?

Anchoring Phenomenon

A

, was that it was there to start with (trapped inside eht after = =7 L oler
Vfl,/hen SOI’g batZ’. bombs are zddedbtobvg?ter, the solid). The other was that it formed from uldw +he
they start breaking apart, and gas buobles some of the stuff we started with (e.g., in the Yoakh borb
appear on and around them for a few solid and/or water). to water
minutes, until no solid is left.
4 Navigation to Next Lesson: We want to collect some data to see whether we can find evidence for the gas being in the solid before it is added to water.
LESSON 2 We investigate bath bombs, measuring their mass in ) .
a closed and open system before and after crushing frguing for (or agawsh) a Claim:
2 days them and before and after we add the bath bomb to -
water. We argue from evidence about where the gas OMake o clam Fhat answess a
Where is the gas coming came from. We figure out that: uestion  abowt . phenemenon.
from? ¢ The gas we observed from the bath bomb
does not come from any gas that was (D Support  Jows claim  with ot
Investigation originally trapped in the bath bomb itself.
¢ [nstead, the gas we observed when the bath Aevidence: referencing ol +at
bomb was placed in water comes from some oot (o rofade
‘d:ﬂ / ?J ‘g change to the matter that is already there. WP reruie) he . elam
The mass of a bath bomb put in water in an
airtight container does not change, but the B) reasoning: ecplaining what +nese
mass decreases after the cap on the bottle is date mean and when applicable

opened and gas is heard escaping. vsing e [ley modlel Tolea< ]

U Navigation to Next Lesson: Students agree to investigate common ingredients in bath bombs next and to test each ingredient one at a time in water.
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Phenomena or Design Problem What we do and figure out How we represent it

LESSON 3
2 days

What's in a bath bomb that is
producing the gas?

Investigation

A

Bath bombs have different ingredients and
recipes. The ingredients in them interact with
water in different ways, but none cause
bubbles to appear when added to water on
their own.

4 Navigation to Next Lesson: We fiFured out that a bath bomb has several ingredients, and these are called substances. These substances all
es. We wonder if mixing two substances in water will produce gas bubbles, and if so, can we figure out which substances produce gas bub!

with water does not make gas bubb

In this lesson, we make observations and collect data

s A . Store-bought bath bomb
on each of the main ingredients in a bath bomb, ————

rec%rc_iing the properties of ea_\chh. We also investigate PSIMSAT) IO SO SOVEA) L FAGRAE AFU, SMONIS CANERS 000B S0,
PRUNUS AMYGDALUS DULCIS (SWEET ALMOND) OIL, SESAMUM INDICUM (SESAME) SEED OIL, MACADAMIA-
eac mgr.edlent as It mixes with water and record our IERMIFOLIA(MA(ADAMIANU%)SE[DOIl,H[llzNTHUSAMNUUS(SUNFLO(W[R)SE;DUIL,HAMAMELISVIRGINIANA
observations. However, we see that the |ngred|ent5 (WITCH HAZEL), ALCOHOL, RED 28 (C145410), BLUE 1(42090), YELLOW 5 (C 19140), WATER (AQUA, EAU).
!crr\g_::act with water in different ways. We figure out 2o bath bomb imaredi
¢ Substances in the bath bomb have properties — L e s
that can help us identify them (e.g., solubility, K cmgarien. | oot | v canicard | emanademic
odor, state of matter at room temperature, K CEomsats | 1toiveor | itumest | % couingseds
melting point, density, and color). Tcomstach | % tuater 1 taugar % L omwe ol
e Mixing only one substance from a bath bomb % tuater
with water does not cause gas bubbles to
appear.

If streamlining is needed, narrow the properties observed in Part 3 and have a pre-made data
table for students. Combine Parts 4 & 5 navigation and complete Part 6 investigation on Day
1 with ingredients pre-measured and labeled with masses. Navigate to Part 7 to begin Day 2

and see suggestions for combinin% with Lesson 4 below.
ave different properties. We fi%llregi out that mixing one substance
es?

LESSON 4

2 days

Which combinations of the
substances in a bath bomb
produce a gas?

Putting Pieces Together, Investigation

A

Combining citric acid, baking soda, and water
causes bubbles to appear. Lemonade mixes
(which are made of specific substances,
including citric acid) also caused bubbles
when combined with water and baking soda.

We will discuss and record what we've figured out so
far in the unit. We will Plan and carry out an
investigation to test different combinations of o —
substances from a bath bomb, and we will use the
results to argue that the gas produced must be a new
substance. We figure out that:
e Citric acid and baking soda combined are the
only substances from the bath bomb that,
when combined with water, cause gas bubbles

to form. bt x :

* The gas(es) in the bubbles are substance(s) e v , .
that are different from any of the substances m . .

we started with. et !

iemonade mix M X ¢

Sugar X 9

U Navigation to Next Lesson: Since we know that the gas in those bubbles is a different substance(s) that wasn't there to start with, we want to try and figure out what substance(s) the gas is. We want to try to

capture that gas and test it to figure that out.

If streamlining is needed, combine Progress Tracker activities in Part 8 of Lesson 3 and Part 2 of Lesson 4 to conclude Day 2 of Lesson 3. On the next day, start with
choosing a focal norm (Part 1), combine Parts 3 & 6 to plan and carry out the investigation in the same day, complete Part 7 & 8 as written and reflect on norms in

Part 9 as part of Navigation to wrap up.
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Phenomena or Design Problem What we do and figure out How we represent it

LESSON 5
2 days

What gas(es) could be coming
from the bath bomb?

Investigation

[iPN

ey

A flame goes out when put into a container of
pure helium gas, gas from a bath bomb, or air
mixed with helium, but does not when put in
air only.

We brainstorm phenomena related to gases and
identify some different properties. We analyze the
data by taking into account common gases and their
known densities and flammabilities. We test the
flammability of air from the room, gas from the bath
bomb, and helium gas. We carry out an investigation
to see if gas from the bath bomb rises or sinks. We
argue from evidence (density and flammability data)
that the gas from the bath bomb can be narrowed
dr?wn to three candidate substances. We figure out
that:
¢ Density and flammability are properties.
¢ In high concentrations, gases that are non-
flammable will extinguish a flame.
¢ Materials that are less dense float upward
when surrounded by matter that is more
dense; materials that are more dense sink
downward when surrounded by matter that is
less dense.
* The gas from the bath bomb could be
nitrogen, argon, or carbon dioxide.

Key Medel |deas
* Gases, “%’"dg, and Solids ave all mater,
‘Matter las mass and tfakes vp Space,
<Al matler Is rade  of particles,

+Tn o closed Sysem, o ratter Can
det in o ot sp the mass  shys
the same .. even when ChangeS  happen
Yo +he matler (such as hecoming Aaqs)

L Tn an open SyskM, maller can get
in or W‘\'l $0 +he mass can COmage

1§ ek happens.
» Popeties deat

tless dense gases (and liguidsd float vpwad
when  Sunmnded \’5 denser gases (and liguds)

cnange foc a svbsture.

»Denser gases (and ligrids) sl dowonward

When  Smvnded by less dense  gases
(and \igpids).

4 Navigation to Next Lesson: We want to see if we can explain a related phenomena using what we have figured out so far about property data. We want to see if we can explain a related phenomena using what

we have figured out so far about property data.

LESSON 6
1day

How can we explain another
Ehenomenon where gas

ubbles appear from
combining different
substances together?
When different substances are combined
Putting Pieces Together (potassium chloride and hydrogen peroxide),

they interact and produce a gas.

it

We apply what we have figured out about properties
to explain a related phenomena (elephant’s
toothpaste). We revisit our DQB and reflect on what

other related phenomena we might explain using the

same key model ideas. We figure out that:

¢ The mass of a partially open system where
potassium iodide and hydrogen peroxide are
combined decreases because a gas is formed
and some of it escapes the system.

¢ The gas makes a glowing ember burst into
flame and an already burning flame glow
brighter.

¢ Flammability data can help identify the types
of gases that aren't being producegl.

¢ Testing the melting/freezing point, density,
and/or comparing the results of the
flammability test to results from controls

could help identify additional gases that aren't

being produced in this process.

4 Navigation to Next Lesson: We know that the possible candidate substances that are in the gas from those bubbles are a different substance(s) that wasn't there to start with. Therefore, we wanted to try to
develop a model at a particle level to explain how it is possible that a new substance that wasn't there before was produced from different substances we started with.




Phenomena or Design Problem What we do and figure out How we represent it

LESSON 7 B \wm“t“wad& 'mm Tplhr e fiee o s We work as a class to summarize and review all of the o T
Before Mixing ) lobler Outouks! fler Mi . . . e ) ee icle:
et —797— (@)iﬁ S science 'd.eas we have figured out throu h the Before_Miving \(m"&"!’x’fw ‘m“‘ bt | Aot m;s
1day " e Sl | % investigations we have done so far in order to put all . Mows & \
P = the pieces together. We develop a new way to P | Liid,
(BoKing Sodk in the waler

How can we revise our model

+
¢

reEresent what we figured out, using an input/output
tal

Cite

. - ‘\\ass o H 1 1
to represent the differences in I e A le. We identify an unanswered question about +) ke -
the matter that goes into and oo sl ps” (75 V\Pr]here the parpcles that n:jakedup the substance(s)dof Mf%; (e b G ()
e dort Faord indivi iguid o smaller pieces. e

comes out of the bath bomb e 73/ the gas came from and individually develop 2 model il e
system? Before After | D) O ry p . gur : Totol Mass || — Tofal Tlass [« 2! ORgpe

Y ) Hey (ackile Tie) Key * The same substance is made of the same type Before | — After oo 25
Putting Pieces Together Sobhbroa LLSsS;Znn 3 Of. articles throughout. . K—%%Q’M E?s;nl

P Lessond ¢ Different substances are made of different 0 ki Lesson3

Lesson

materials throughout.
¢ The particles that make up the substances in

the gas bubbles from a bath bomb must be a

different type of particle than any of those in

the substances that were combined together

to make it (water, baking soda, and citric acid).

A

No new phenomena are introduced in this
lesson. We put the pieces together for all
phenomena previously explored in Lessons 1
through 5.

4 Navigation to Next Lesson: Since the only way there can be a new substance formed is if new particles were formed, we want to see if it is really possible to make new types of particles (and therefore new
substances) out of something that we think is made of only one kind of particle.

LESSON 8 We develop alternate models for how new particles ‘ S "
might be made from old particles using What 15 nofrening ot Pkl e e
1day manipulatives (printed colored circles). We formulate

whot haggns  fo Tnelpartides agter
cles?

questions we have about how we could figure out
what happens when new substances are made from
old. We read about what Dalton and other scientists

did to see if adding energy to water could form new

How can particles of a new
substance be formed out of
the particles of an old

B3 xlo o o & oA -

articles. We figure out that:
substance? b e RS e e P When ngew substances form from old
Problematizing i S e B o substances, the particles of the old substances
G R SRR PR Sl might break apart and/or stick together to
== ke e e e form new combinations of particles.
=l | SRR b s e i ¢ We have a new line of investigations to pursue

to see if new substances are formed when
energy is added to a single substance (water).

Alternate models can help explain how to
make new patrticles from old particles

4 Navigation to Next Lesson: We came up with some initial predictions about what substances are in the gas bubbles that form when you add energy to water. We have ideas of some property tests we can try
to see if our predictions are right and we want to do some of those next.




Phenomena or Design Problem What we do and figure out How we represent it
e

LESSON 9 We carry out an investi%?tion to test the flammability
of the gas produced by eating water. We collect data Volume vs. mass ¢ Moss
2 days on the mass and volume of different samples of the | e RSnaEEEE . ”ﬁ ‘ \(/""l:“b‘ (in o)
water we started with and two other clear liquids and — T T
Does heating liquid water compare the mass and volume of each to the EEEN —-— *D—ﬁ"—
produce a new substance in substance we collected from the gas produced by L0 2
the gas bubbles that appear? heating the water. We analyze graphs of the data and _E [H
' determine that the ratio of mass to volume for a _”S_WLL__W
Investigation substance is constant and that this is a property _Jewl | Toq |
(density). We argue that the property data indicates _I6Sar) | 1639
that the gas we collected is made of the same v & i?g__
A []m particles that were in the water we started with. We , ‘ 1 9amu|| WSy,
& ; figure out that: FEEP A ] G0l Sg |
¢ Density is calculated as a ratio of mass to A :
volume (a unit rate). It is constant (a property) wlume (mL)
for any sample of a substance, regardless of

size.

* The gas produced by the heated water is
made of the same type of particles as those in
the water that we started with.

Gas from heated water extinguishes a flame.
Clear liquid collected when gas cools has a
mass to volume ratio of 1 for any size sample.

U Navigation to Next Lesson: Now that we know that adding energy to water by heating it to make a gas doesn't produce any new substances, and therefore no new types of particles, we want to see if adding
energy to water using electricity might create new substances.

LESSON 10 We will carry out an investigation to test the
ﬂammabilitﬁ of gases produced by providing energy

1day to water with electricity. We will construct an
explanation for whether the gas(es) produced from

When energy from a battery water using energy from a battery were made of the

same particles as those produced from heating the
water. We figure out that:
¢ Two different gases with different properties
are produced from adding energy from a
battery to water.
¢ The particles that make up these different
gases must be different from each other; they
must also be different than the ones that were
produced from heating water.
¢ The matter that makes up all of the
substances must come from matter that
made up some of the original water particles.

was added to water, were the
gases produced made of the
same particles as were
produced from heating the
water?

Investigation

Al

When energy from a battery is added to
water, two streams of gas bubbles are
produced. When a lit match is put into
trapped gas from these two sources, one pops
and the other glows brighter.

U Navigation to Next Lesson: We want to return to our poster “What is happening with particles when new substances are made?” and evaluate those ideas in light of the explanations we developed.




Phenomena or Design Problem What we do and figure out How we represent it

LESSON 11
(OO~

How do Dalton’s models of latom 1atom 1 compound
the particles that change in a of of particle of
reaction compare to the ones hydrogen oxygen water

we developed?

Investigation

AR )
ER@

There are many different ways (symbols,
shapes, letters, numbers, and physical
manipulatives) to retpresent the number, type,
and arrangement of the atoms that make up
the molecules of different substances.

We gather and summarize information from a
reading on investigations that Dalton and other
scientists did and molecular models they developed
for atoms, compound particles, chemical reactions,
and substances. We will individually use those
models to predict and explain what gas is produced in
the bath bomb reaction and what is happening to the
particles in the system. We figure out that:
¢ Molecules are made of atoms and all the
substances in our world are made of very
few types of atoms.
¢ A substance is made of the same type of
molecules (or atoms throughout). The
number, type, and arrangement of atoms in
the molecules that make up a substance are
unique to that substance.
¢ In a chemical reaction, the particles that
make up old substances can be broken
apart and the atoms that make them up can
be rearranged to form new molecules to
make new substances.

Key  Model  ldeas
- - =
-Gases, Uguids and ilicls are all e
‘Mader has mass  and Hkies vp space.
Al maler |5 made of particks.

»In a closed Sgslem, no mader can gt
In ov ovf, % 4he mass s +he same
- even when changes h B Fhe
mader (svch as bccomh;frbn? gasd.

+Tn an epen syskm, maker Can get m
o out, $ Jhe mass can change iF
Hat happens.

Propeclés clont change for a Sibstoe

.Less dense gases (and liguidls) Ficat spracl
»g\wd fwwmuol by denser ga<es (apdl
%ul' -
Densar gases (and Uﬁuds) Sink deronwac
when  sipouncled by less cense gases

Cand. Liguids). «— Chemical reactions
,wvbllev\ »;Iew Substonces  are producecl Fom
old substances some. of rhoes gt
wake vp the eviginal S-’Zul;sf‘:nm; Sb
apat- avd/oc jorn 4o mdlee new types of mar)

U Navigation to Next Lesson: We are ready to take stock of all that we have learned, revise our final model, and use it to explain the chemical reaction that takes place when a bath bomb is placed in water.

LESSON 12 . /A -

2 days

How can a new substance (a
gas) be produced and the
total mass of the closed
system not change?

Putting Pieces Together

il

The mass of water captured in a container
after a bath bomb reacts in it is greater than
was initially in the container before the bath
bomb was put in it. A white substance, with a
different density and different solubility than
any of the substances in the bath bomb is
found in this container after the water is
boiled off.

We revise our consensus model with the molecules
of the reactants and the gas produced from the bath
bomb. We explain why it could be possible that water
is also a product in this chemical reaction. Using
property data and molecular models, we argue
whether one the solids found in the container after
the water has been boiled off is a new substance. We
develop a model to represent what is happening to
particles in three different chemical processes. We
revisit the DQB and identify which questions we have
made progress on. We figure out that:
¢ Inachemical reaction, the amount of
matter at the beginning (in the reactants) is
the same amount of matter at the end of
the reaction (in the products). This is
because all of the atoms we started with are
still there. No new atoms can appear that
weren't there to start with.
¢ Chemical reactions, phase changes, and
dissolving are all chemical processes that
involve rearrangement of the particles that
make up the matter in the system.

| Chiemch Peocesies|

/ | N .
Hebors. | g
M@ wefe not
5 ' i 5.«%\(\’,&3
4’4\“&3;‘ ;_gs aoms ;w&d;\v‘” the
ces nnge
e P fonfvurse .
cen & we don't
n oM ( have avwwjh
WO evidence
e
w new q mixtuee
| cubstancels) (a solviton)
Jh | prop { we can't
gudence P%émﬂ Jest becase
Show V5 s o
( ( muchr e
pa new and
| Gubstance QP
© was fam Yests don'y
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U Navigation to Next Lesson: We identified one line of questions that we made only a small bit of progress on related to odors. We have some ideas about how we might investigate this line of questions further.




Phenomena or Design Problem What we do and figure out How we represent it

LESSON 13 ‘ Bag of Bath Bombs -‘ '
1day Zm/@‘t

Why do different substances
have different odors and how
do we detect them?

Ingredients: Sodium Bicarbonate, Gitric Adid,

Com Starch, Magnesium Sulfate, Coconut oil,

Shea Butter, Alcohol, Lavender O, Vanilla Extract,
Water, and other ingredients

Putting Pieces Together

PN

Some substances can be identified by their
odor and each substance has a unique
molecular structure. These odors are received
by the receptors in our nose and signals are
sent to our brain so we can recognize what the
substance is.

We carry out an investigation about the scents of
different substances to see if we can identify these
substances by their odors. We gather information
from a reading about how sensory receptors in our
nose work. We use what we figure out from the odor
lab and the reading to write an explanation about
why different substances have different odors and
how we detect them. We figure out that:

e QOdor is a property of a substance that is
determined by the number, type, and
arrangement of atoms that make up that
substance.

¢ Molecules of substances must travel into
our nose for us to detect an odor.

¢ Our nose has many different cells that each
have different structures (sensory receptors
for odor) that different shaped molecules
can fit into, which will cause that cell to
send a signal to other nerve cells that relay
that signal to our brain.

¢ The perception of different scents is the
resuﬁ of a combination of signals that the
brain receives from different nerve cells.

U Navigation to Next Lesson: We want to apply everything we figure out to another phenomenon in the world.

Olfactory, “

Patrick J. Lynch, medical illustrator; C. Carl

Jaffe, MD, cardiologist. CCBY 2.5 Generic.

LESSON 14

2 days

What is happening to the Taj
Mahal?

Putting Pieces Together

511

The marble of the Taj Mahal is crumbling and
falling apart.

We apf)ly what we have figured out about properties
to explain a related phenomena (pollution and
erosion on marble). We carry out an investigation to
collect data about what happens when different
substances in the air interact with marble. We identify
what other evidence we would want to collect in
terms of property data to be able to argue whether a
chemical reaction occurs. We figure out:
¢ Two pollutants in the air around the Taj
Mahal are interacting with the surface
causing a chemical reaction to occur and
change the surface to a new substance.
¢ Algae that is on the surface of the Taj Mahal
secretes different acids that cause a
chemical reaction to occur with the (calcium
carbonate) marble surface.
¢ The algae and pollutants in the air around
the Taj Mahal are causing it to crumble due
to chemical reactions that are occurring.

LESSONS 1-14
25 days total
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