Atoms and Molecules: Photosynthesis Name Instructional Key
Plants make their own food Class/date] _blue = answers

‘ red = instructional
Part 1: Introduction to soil and plants Lol

Have students put heads down on desks so voting is secret. Read question out loud and record the results on the
overhead. After the vote, students can copy the results. Then share the actual answer.

A) How much soil is absorbed by plantsg Vote your opinion.
Afterwards we will record the resulis from the whole class.

/ What % of a plant’'s weight comes from the soil¢ \ / The answer: \

0.1
A. 60% 2 Typical class votes o %
B. 40% 9 of a plant’s
C. 20% 8 Our class's voting results weight comes
D. 10% D from the soil.
i

\ E. 0.1% / \ /

B) To answer this question about soil and plants, Van Helmont did this experiment in

Holland back in the 1600s: Mention: this experiment has been repeated many times with similar results.
Reveadl start and finishing weights from experiment and let students copy the information. Students subfract to find the

chcm_cfﬁ weight for plant and soﬂ\ / \

Van Helmont's set up:

Van Helmont's results:

5 years later...

plant weight 5 Wy
dry soil weight 200 Ws

plant weight 170 Wy

dry soil weig%’r99 Wy +14 iz 4

N Students calculate:

Plant gained 165 Wy

\ Q&?Jﬁm The soil lost __2 0% /

Explain: if 100% of the plant's weight gain came
from the soil, the soil would have lost 165 pounds!

Highlight the fact that this proves that the mass of the tree did not come from the soil. It must have come
from elsewhere...the air!

C) Discussion: Why do you think people have difficulty believing that most of the mass
of a tree comes from the qir?

1. Exaunples: People think gas has no-weight / Yow can't see aiv or CO, [
People dow't know what airv iy made of [ Air seems not to-have auny

2. masy - because L Uy av gay and yow can't see it/ Air iy av gay and the
tree s av solid. [ Animaly seem To-Take i nulirients, so- i€ seemsy natuwrals

3 that rooty take up soil / People put “plant food” into-the soil.
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O kits, showing

o
e

O kit and 1 Layout Mat/Atom Key. First infroduce LEC

how to line bricks up on the Layout Mat for easy counting and cleanup. Then close kits, only

Teams of 2 need 1 LEC

Part 2: LEGO® Lab:

A) Model molecules in LEGO and review chemistry vocabulary ©Pening as needed for vocabulary.
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Review of chemistry vocabulary (continued)
Matter can change in appearance.

Is it a physical change or a chemical change?
Here's how to decide: Discuss with the class:

4) Physical change - molecules 5) Chemical change - new and
are the same before and after different molecules are formed.
the change, although the

matter may look different.

Sample answers: Saumple answers:

Examples: Examples:

Water boily into-water vapor. Hydrogern and oxygen combine tor

Water freeges info- ice. make H,O.

B "y : ViIosE . 2 Co

Hinfts:

1) Physical changes include Hints:
making mixtures, dissolving 1) The bonds between the
one thing in another, and atoms are broken and the
cutting or breaking atoms recombine in new
something. ways.

2) All changes of state are 2) New properties appear.
physical changes. A water 3) All chemical reactions are
molecule is the same water chemical changes.
molecule when it is ice, when
it is liquid water, and when it
is water vapor in the air.

Demonstrate changes of state with LEGO water rholeculgs:

- Ice: molecules are close together, moving slowly,
- water: moving faster and further apart,
- gas: really fast and far apart. Students love it if you allow the molecules to fly in the air as vapor!

B) Overview of photosynthesis, a chemical reaction occurring inside plant cells
What did the plant cell start with, and what are the new substancese

Discuss the vocabulary: reactants and products. Explain that the arrow indicates a chemical reaction:

sunlight
Reactants sl Products
(molecules the plant started with) (molecules the plant produced)
1. Cawvbon dioxide 1. Glucose (sugar)
2. Water 2. Oxygewn

Page 3. Atoms and Molecules: Photosynthesis Student Worksheet, Version: Feb-2014
© The LEGO Group and MIT. All Rights Reserved. LEGO, the LEGO logo, and the brick and knob configuration are trademarks of the
LEGQO Group, used here with permission.



C) Wirite the chemical equations for 2 important chemical reactions in plant cells: Photosynthesis and Cellular Respiration

Follow the numbers below to fill in the
worksheet with students:

s PMtownMw

Explain that this means energy

.-4; o :’ from the sun is used but it is not a
l/’ \\ reactant.

I 6 HO . 6CO, C.H, O, - 60,

3. Explain that this is glucose (food).

4. Explain: when the plant needs
energy, it “burns” the glucose using

oxygen. p
Celludar Respiratiov
« Make note of the direction of the arrow, and that

.,° energy is released. Explain that this energy is used
EWgy!.’ 7\ to make new cells, so the plant can grow!

5. This is called:

6. Plants make a lot of excess glucose (food). The plant can turn glucose into
starch for storage or cellulose for building structures. We make use of this excess
glucose by eafing the plant and using the stored energy!

Page 4. Atoms and Molecules: Photosynthesis Student Worksheet, Version: Feb-2014
© The LEGO Group and MIT. All Rights Reserved. LEGO, the LEGO logo, and the brick and knob configuration are frademarks of the LEGO Group, used here with permission.



C) Model chemical reactions occurring inside plant cells:

Photosynthesis occurs inside of chloroplasts, and cellular respiration occurs inside of
mitochondria.Each team needs a large piece of paper with the chemical equation written on it. Steps T &
2 will take full class period. Use Card A. Circulate among groups. Have students show you their models before
moving on. _. . - ; :
7T First illustrate the photosynthesis equation with LEGO molecules on the large paper.
¢ Build all 19 molecules. Recruit good student builders to help other groups build the glucose.
¢ Place each LEGO molecule near its chemical formula. Check all the models for

correctness (the numbers of atoms and the number of molecules)

2. Now perform photosynthesis like a plant. Before starting, remove the products on
the right side of the equation (the 6 Oz + Cs H120¢) and place them back in the kit.
e Only use the 6 H,O and 6 CO; to build a glucose molecule. 60

e What is left over this time when you build glucose?
This is a natural break point. The next day, the warm up is to repeat step 1 quickly. Then remove the left side of

th ti d work t 3.
= =I5 K¥fer pvilgrn’r?rp‘nggfe made their own food (glucose) they need to get the energy out

of this sugar. (Plants and animals must “burn” sugar to get the energy out of it.)
 This reaction with oxygen is called cellulawr respiration

e This reaction occurs in the power houses of the cell, called _mitochondriov .
You may wish to have students color code this drawing. Chloroplasts and photosynthesis in green. Mitochondria
and cellular respiration in yellow.

1 Photosynthesis -,%f— light energy

6H,0 + 6CO, == CH,,0, + 60,

Vacuole

w Cellular Respiration

6H,0 + 6CO, CeH1,06 + 60,

Nucleus% ﬁ j energy for the cell

E) Plant cells build structures from glucose molecules. Plants build larger molecules by
linking glucose molecules end-to-end. These processes in the cell are also chemical
reactions! Write the formulas for the reactants and products in this equation:

Cell Wall

CGHL‘ZOG + CGHIZOG - C12H22011 + HZO

Glucose Glucose Disaccharide Water

Use cards B and C. Divide up the class: Only the most expert of builders should work on Card C: Cellulose.

F) Build starch and cellulose molecules with the LEGO atoms.
Have teams show off their molecules and combine with other groups to make longer chains.
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G) Examine a plant leaf. Plants perform an amazing chemical reaction (photosynthesis) that
produces NEW substances in their leaves. This is how they make their own food: glucose.

With the addition of tiny amounts of dissolved minerals and water obtained by the roots,
plants can make their own structures from glucose.

LEAF PARTS:

2 Guard cells
[magnified)
surround each
stoma creafing an
opening for air.

Cut ledf tip....
Look inside.

Stoma or Stomata (singular and plural)
are the openings in the leaf. “Stomata”
means “mouths.”

Veins disfribute water and dissolved minerals
brought up from the roots.

IyRUnevaid e PHOTOSYNTHESIS IN A CUT LEAF TIP:
scope, have students

examine the underside Fill in the blanks with the following phrases:

of aleaf. The e cell containing glucose

vein bringing water
O: exiting leaf
stoma [or pore)
CO:z entering leaf

common house plant

Setcreasea or “Purple

Queen" leaf has very

prominent guard cells.
The leaf can be

placed direcily on the )
stage without any O, exiling leaf

preparation. )
CO, entering leaf

* & o @

stomav (ov pore)

Remember with cellular respiration, the gas exchange is re-
versed. The above example is for photosynthesis.
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