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What molecules give flowerstheir colors?

The colors of flowers are from colored molecules (pigments). Sometimes the same colored

molecule isresponsible for different flower colors.

Visitors crush ared rose in water to extract the colored molecules. The molecules are dark red.

Visitors add acid to the colored molecules and they turn pink or orange. When acid is added one

hydrogen atom is added to the colored molecules, which makes them pink/orange.

When visitors add base to the colored molecules they turn purple or blue. In base, the hydrogen

atom falls off the colored molecules, which makes them purple/blue.

So the molecules turn different colors with a very small change in structure.

‘tl)'he orig)i nal rose color isfrom amixture of the two molecule structures (making a color in
etween).

Visitors can play around turning the colors back and forth by adding back acid or base.

What molecules arein ocean foam?

Visitors are provided with bottles each containing a different molecule in ocean water - salt,
protein or fat. The protein and fat molecules come from the breakdown of dead sea creatures.
Visitors add each of the molecules to atube of water, shake it (to mimic the churning of the
ocean waves), and find out which molecules make the foam on the ocean.

The protein and fat molecules make foam because they cluster around air bubbles and hold them
in place. The salt molecules don’t cluster around air bubbles, so they don’t make foam.

Protein and fat molecules a'so make foams in milkshake, meringue and soap.

How do plants eat?

Visitors watch food dye trace out the pattern of tubesin a petal. These tubes are used by the plant
to transport food molecules and water around the plant. Visitors can draw the pattern the tubes
make. Our blood vessels, which carry food molecules to al parts of our body, have asimilar
branching pattern.

Molecules can be smelly!

Smells are made of molecules. Molecules are so small that they make up things that are invisible,

like air and smells.

In this activity visitors smell herbs and spices. They aso smell bottles of single odor molecules

i[qhatbg/re found in these herbs and spices. They match the bottled molecule odors with the
erbs/spices.

The smell of an herb or spiceis not just from one molecule but a mixture of molecules, so the

bottled molecule odors do not smell exactly like the herbs/spices.

What atoms arein sour foods?

The visitors add unknown liquid foods to separate cups. Then they add a drop of a dye to each
cup. The dye turns different colors depending on the concentration of |oose hydrogen atoms
(hydrogen 1ons). Each food turns a different color, and the visitor looks at the colors and orders



the foods from highest concentration of loose hydrogen atoms to lowest concentration of loose
hydrogen atoms.

The foods that are the most sour have the highest concentration of loose hydrogen atoms. The

foods that are the least sour have the lowest concentration of 1oose hydrogen atoms. So by
Iooki ng at the color of the dye, visitors predict which foods are the most sour and which are the
east sour.

By looking at a key in the graphics the visitors can find out what the foods are, and match their
predictions with their knowledge of how sour each food is

Additional information: Foods that taste more acid have a higher concentration of loose
hydrogen atoms (hydrogen ions). Hence the vinegar and lemon juice, that taste most sour are
Ia(:i ds. The orange juice, that tastes alittle sour, is aso acidic, but less so than the vinegar and
emon juice.

How do water filterswork?

Visitors take afew grains from a home water filter and add some dye to them. After a minute of

shaking the water is clear. The dye molecules stick to the filter grains, so do not color the water

gn m())re. (If you look carefully you may be able to see that the filter grains are alittle bluer than
ore).

In your water filter at home, the same process removes calcium, magnesium, chlorine, lead and

copper from your drinking water.

Why areyour nailshard and your skin elastic?

Y ou are made of molecules. Y our molecules are built into structures to make up your b%((jjy.
Visitors explore their own body to find parts of them that are hard or elastic; brown or red;
v;/]atery or gloopy. These structures feel and look different because of the molecules that make
them up.



Summary of activitiesin the
Pfizer Foundation Biochemistry Discovery Lab

What atoms are in sour foods?

The visitors add unknown liquid foods to separate cups. Then th%/ add adrop of adyeto each
cup. (ThedyeisapH indicator in the acid range). The dye turns different colors depending on
the acidity of the food, which is due to the concentration of hydrogen ions. The visitor can
predict which food is most sour and which isleast sour: the most sour foods will have the highest
concentration of hydrogen ions and will turn the dye red; the foods that are the least sour wil
have the lowest concentration of hydrogen ions, which will not affect the color of the dye. By
looking at a ke?; in the graphics the visitors can find out what the foods are, and match their
predictions with their knowledge of how sour each food is

Materias:

Foods are vinegar, lemon juice, orange juice, milk, water

Dyeisindicator solution O-7 made by pHydrion. Any indicator dye that can differentiate
between pH 2, 4 and 6 will work.

What molecules give fall |eaves their colors?

Some fall color pigment molecules are in the green leaf, but are not revealed until the fall, when

the bright green chlorophyll molecules degrade. Visitors do paper chromatography on |eaf

pigments to find out which fall colors are already in the green leaf, but are hidden until the fall.

They take asmall piece of green leaf, and transfer the pigment moleculesto filter paper. They

dip atongue of filter paper In ethanol to separate the pigment molecules. Green and yellow

R)/ilgme_lglts are distinguishable in 4 minutes: the yellow fall color ishidden in leaves until the fall.
aterias:

Ethanol must be 100% for best results.

Timer is4 minutes long, but longer is better.

What molecules make the holes in bread?

The visitors mix a scoop of packaged yeast with a scoop of sugar in some warm water in atube.
After 2 minutes, bubbles rise from the bottom of the tube as the yeast metabolizes the sugar into
carbon dioxide and ethanol. When we make bread, the yeast metabolizes the sugars from the
flour, and makes carbon dioxide bubbles. These bubbles make the dough rise, and are later seen
asthe holesin bread.

Additional information: cakes rise by another means. The chemical reaction between the acid
and the base in baking powder, or the reaction between baking soda and an acid, also generates
carbon dioxide gas.

Materias:

Incubate the yeast and sugar at 50 de?rees Celsius for fastest results.

Timer is 1.5 minutes long (if you go longer you can incubate at alower temperature).

How do antacids work?

The visitors add fake stomach juice to two cups, then they then a drop of dyeto each. The dye
measures how acid something Is, or what concentration of hydroi_:jen lonsit has. To one cup, they
add some crushed antacid. The other cup is left alone as a control. The stomach juice alone turns
the dye red, indicating a high concentration of hydrogen ions, or very acid. The stomach juice
with antacid turns the dye a light green, indicating alower concentration of hydrogen ions. The
molecules in the antacid soak up the hydrogen ions and reduce the acidity of the stomach juice.
Aﬁntaci d?] are used to treat heartburn, and relieve the pain associated with stomach acid burning
the esophagus.

Additi ona?ﬁ nformation: Any molecule that can soak up hydro%en ions can act as an antacid. Try
neutralizing the stomach acid with sodium bicarbonate or chalk.

Materias:

Fake stomach juiceis 0.01M HCI. Or substitute vinegar.




Dyeisindicator solution O-7 made by pHydrion. Any indicator dye that can differentiate
between pH 2 and 7 will work.

What chemical reaction makes cheese?

Visitors add acid to milk. Lumﬁs form in the milk. The hydrogen ionsin the acid interact with

the casein molecules in the milk, allowing them to stick together and form these lumps, or curd.

The curd is used to make cheese. The visitor can then separate the curds from the whey with a

centrifuge to make a simple cheese, much like cottage cheese or queso blanco.

Additional information: Other cheeses are made using acid-producing bacteria and rennin.

Rennin molecules cleave a piece from casein molecules, which, like the hydrogen ions, cause

'I[\qem t'?al clump together. Visitors an also make their own cheese by these other methods.
aterias:

The acid isvinegar.

What molecules give flowers their colors?
Flowers are colored by pigment molecules. Sometimes the same pigment molecule is responsible
for different flower colors. Visitors can see pigment molecules changing color in this activity.
They crush aflower petal with water to extract the pigment molecules. Then by adding acids and
E/Iases jtgley can change the pigment color. They can also change the color back again.

aterials:
Acid is0.01M HCI, or use vinegar.
Base is 0.01M NaOH, or use baking soda (not baking powder) in water

What molecules are in ocean foam?

Visitors are provided with bottles each containing a different molecule in seawater - salt, protein
or lipid. The protein and lipid molecules come from the breakdown of dead sea creatures. They
add each of the molecules to atube of water, shake it (to mimic the churning of the ocean
waves), and find out which molecules make the foam on the ocean.

Adgiti onal information: biological molecules also make the foams of meringue, milkshake and
on beer.

Materias:

Protein is bovine serum abumin (BSA), 40g/liter in water

Fat is sodium dodecy! sulfate (SDS, also called sodium lauryl sulfate), 2g/liter in water. Any
detergent would work.

Salt istable salt, 24g/liter in water

How do water filters work?

Visitors take afew grains from a home water filter and add some dye to them. After a minute of
shaking the water is clear, and the dye is stuck in the filter grains. In your water filter at home,
the same process removes chlorine and lead from your drinking water.

Materias:

Dye is methylene blue, diluted to 0.075ml in water

Why are your nails hard and your skin elastic?

Y ou are made of molecules, that are built into structures that make up your body. Visitors
explore their own body to find parts of them that are hard or stretchy; brown or red; watery or
gloopy. These structures feel and ook different because of the molecules that make them up.

Do a crime scene blood test

Visitors can do ablood test that is used by detectives at crime scenes. When blood is mixed with
two test chemicals, luminol and hydrogen peroxide, the chemical reaction produces blue light.
Visitors mix cow's blood and the test chemicals, put them into a box, and look through a hole to
see the glow of the blue light. Even when the blood is so dilute that it is no longer red, the glow
is still produced. Detectives use this test to find traces of blood that they can't see with the naked

eye.
Materials;

Blood 1 iscow’s blood diluted 1:100 in water
Blood 2 is cow’s blood diluted 1:1000 in water




Peroxide is 0.3% in water
Luminol is0.1g luminol + 0.5g sodium carbonate in 100ml water

Molecules can be smelly!
Visitors smell various herbs (live plants) and bottled spices. They also smell bottles of single
odor molecules that are found in these herbs and spices. They match the bottled molecule odors
with the herbs/spices. The smell of an herb or spice is not just from one molecule but a mixture
(I\); mol_glcules, so the bottled molecule odors do not smell exactly like the herbs/spices.
aterials:
Smell molecules from Aldrich flavors and fragrances (you need a fume hood to safely dispense
the molecules)
Oregano has carvacrol in its smell
Anise seeds have anethole in their smell
Cloves have eugenol in their smell
Mint has L-carvone in its smell
Garlic has allyl-disulphide in its smell
Rosemarly has eucalyptol in its smell
Also replace the single smell molecules with extracts (safer and more readily available)

How do bees talk to each other?
Visitors smell bottles containing bee pheromone molecules. They are asked to think what the
odor reminds them of. Then by matching the molecule picture on each bottle with the same
pictures in the graphics, th?/ ind out what each of the molecules mean to abee - whichis
K\I/Iway_salsomethmg quite different from what it meansto us.

aterials:
Smell molecules from Aldrich flavors and fragrances (you need a fume hood to safely dispense
the molecules)
Citra (smellslemony to us). Relpl ace with lemon essence.
Heptan-2-one (smells fruity, or like blue cheese to us)
|soamy! acetate (smells like bananas to us). Replace with banana essence.

How do plants eat?

Visitors watch food dye trace out the pattern of tubesin a petal. These tubes are used by the plant
to transport food molecules and water around the plant. Visitors can draw the pattern the tubes
make. Our blood vessels, which carry food molecules to al parts of our body, have asimilar
branching pattern.

Materias:

Use neat food dye to see the tubes best.

Build molecule models

Visitors can build models of the molecules featured in other activities:

Build the molecules that give flowerstheir colors - visitors can build ared pigment molecule

found in flower petals. By removing just one atom they convert it to a blue pigment molecule.

Build an antacid molecule - visitors can build amodel of an antacid molecule, and then see how

antacids soak up the hydrogen ions of stomach acid by adding hydrogensto their model.

Build the molecules that make the holes in bread - visitors can build a sugar molecule, then

mimic the action of yeast on sugar: the atoms of the sugar molecule can be reassembled into

carbon dioxide and ethanol molecules.

I\B/IUi Id _sarlnelly molecules - visitors can build some of the molecules from the smell activities.
aterials:

Molecule parts are made by Molymod. Can also replace the atoms with jellybeans and the bonds

with toothpicks.

What molecule makes you you? (aworkshop)

Vigitors can isolate their own DNA from their cheek cells. They collect cheek cellswith a
mouthwash, and break them open with detergent. By layering ethanol over this cell molecule
mixture they precipitate out DNA (along with some protein). The DNA istransferred to a small
tube of ethanol, which they can take home.




