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Red GlOW LS.7.1.2

Activity Description
& Estimated Class
Time

Correlations
to NC Science
Standards

Learning

Target

Brief Science
Background

This one-day lesson introduces students to chlorophyll and how it relates to
photosynthesis. Teachers will extract chlorophyll from spinach leaves and students will
directly observe the red light (fluorescence) emitted by the chlorophyll upon
illumination.

LS.7.1.2 Use models to explain how the relevant structures within cells (including cell

membrane, cell wall, nucleus, mitochondria, chloroplasts, and vacuoles)
function to support the life of plant, animal, and bacterial cells.

Students will develop an understanding of the following ideas and content:
e Chloroplasts are located in plant cells
e Chloroplasts contain chlorophyll, which is needed to absorb light energy.
e Photosynthesis occurs in the chloroplasts

Chlorophyll is a light-absorbing molecule essential for photosynthesis. When chlorophyll
absorbs sunlight, the energy can, in theory, be fully used for photosynthesis. However, in
reality, some of that energy is lost as heat, and a small portion is re-emitted as red light—
this is known as fluorescence. Although this red fluorescence is invisible to the naked
eye, satellites equipped with sensitive detectors can pick it up. This red glow, called
solar-induced fluorescence (SIF), is shown in Red Glow, SD 1, highlighting emissions
from the Midwestern farm belt of North America.

The intensity of this red glow is directly related to the amount of chlorophyll present and
thus serves as an indicator of plant health, vigor, and density. When chlorophyll is
removed from the plant—such as in a spinach leaf extraction—more of the absorbed
energy is released as visible red fluorescence. This glow can be seen by students,
offering a clear visual of what’s usually hidden.

The structure and organization of components within a leaf are critical for capturing and
using light efficiently. As demonstrated in Chlorophyll Diagram, SD 3, the green color
of leaves comes from chlorophyll stored within the chloroplasts of plant cells. Rubbing
alcohol breaks down cell membranes and dissolves the chlorophyll, allowing it to be
extracted.

Satellite-based SIF monitoring provides a powerful tool for observing plant health on a
global scale. It can be used to track the condition of the Amazon Rainforest, detect
global temperature changes, and measure shifts in seasonal patterns such as prolonged
wet seasons around the world (De Sousa et al. 2017).

This lesson has been adapted from Green Plants, Red Glow: Chlorophyll’s Red
Fluorescence as a Signal of Photosynthesis, Agriculture, and Global Ecology BY
KATHY-UYEN NGUYEN, ANDREW R. RATCHFORD, JASON L. PAINTER,
RACHAEL POLMANTEER, ANN E.NORCROSS, AND JONATHAN S. LINDSEY


https://www.nsta.org/science-scope/science-scope-julyaugust-2021-0/green-plants-red-glow

Green Plants, Red Glow

Green Plants, Red Glow

Materials Materials for the whole class
e Ability to project:
o Red Glow, SD 1
o Chlorophyll Extraction, SD 2
o Chlorophyll Diagram, SD 3

Materials for teacher demonstration
e Pestle and mortar
Rubbing alcohol
Funnel
Coffee filter
Vial
Bag of spinach leaves (provided by teacher)

Materials for six groups
e Green Spinach suspension (see preparation)
e Food Coloring and Water vial
e 2 Mystery Substances
o A green carbonated beverage, such as Mountain Dew© (A)
o Another leaf suspension prepared the same way as the spinach leaves. (B)
e Access to a flashlight (the cell phone flashlight will work)
e A dark area. (A simple black box can be created by adding black construction
paper to the inside of a cardboard box.)

Preparation 1. Break up five to seven spinach leaves into small pieces by hand or scissors. Place the
allow for approx. 20 min. broken leaves into a mortar and grind the leaves thoroughly using a pestle, in circular
motions, for a minute or two. Next, add 30 milliliters of rubbing alcohol to the leaves

and repeat the grinding process. Carefully set aside the mortar.

2. Cover the mouth of a small funnel with a coffee filter. Then place the funnel over a
vial, completing the filter assembly.

3. Carefully pour the green suspension from the mortar into the funnel, aiming for the
center of the filter. Unwanted leaf tissue is retained by the filter, and the green
solution filters into the container. If a clear, dark green solution is not obtained, pour
the liquid back into the mortar, get a new filter, and repeat the straining process.

4. Repeat steps 1-3 to obtain 6 vials.

5. Create 6 vials of green food coloring and water, Mystery Substance A, and Mystery
Substance B.

[

. Place students into six groups, project Red Glow, SD 1, and ask students to describe
what they see.

Procedure

2. Say to students: “If we’d like to learn more about this red glow, we need to look at
specific organelles.”

3. Hold up some spinach leaves and hold a class discussion on what you are holding,
what type of cells, and what is unique about those types of cells.
Students should be able to say that spinach is a plant cell and that the cell has a cell
wall and chloroplasts.

4. Project Chlorophyll Extraction, SD 2, and explain the steps you took to extract the
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Procedure
cont.

Content
Connection

Formative Assessment/
Guided Practice

5.

chlorophyll from the spinach leaves. Hold up the vial filled with the green spinach
suspension.

Hand out a vial to each group of students and ask them to describe the liquid.

6. Ask the students to place the vial in the dark area, or dark box if you have made

those. Using a flashlight, project the light onto the spinach extract. Have the students
describe what they see and what they believe is going on.

Students should notice that when light is shown on the green spinach suspension, it
turns a red color.

Hold a class discussion about their observations and what they think is going on. Four
possible question prompts are:
e What makes plants green?

e What do plants need/use/consume?
e What do plants give oft?

¢ What would cause the green liquid to glow red?
One purpose of this activity is to find out what your students already know about
plants and how they grow. This activity should shift the focus of just learning about
photosynthesis to figuring out why or how it happens.Through group and whole-class
discussions, knowledge is both individually and socially constructed as students work
out their understanding of the red-glow phenomenon, facilitated by a teacher. Refer to
the background information for more on photosynthesis and project Chlorophyll
Diagram, SD 3, when discussing the structure and function of chloroplasts.

Project SD 1, and ask, "How does the red glow relate to the satellite image? How
might the red glow (how bright or dark it is) relate to agriculture, farming, and the
health of plants?"

The intensity of this red glow is directly related to the amount of chlorophyll present
and thus serves as an indicator of plant health, vigor, and density. Satellite-based SIF
monitoring provides a powerful tool for observing plant health on a global scale. It
can be used to track the condition of the Amazon Rainforest, detect global
temperature changes, and measure shifts in seasonal patterns such as prolonged wet
seasons around the world (De Sousa et al. 2017).

Give each group a food coloring vial. Let students know that the substance is green
food coloring. Ask the students to predict if the food coloring vial will glow red.
Have the students test the food coloring vial in the dark area and record their

observations.
Illumination with a flashlight should show no red fluorescence. These kinds of dyes

absorb light.
Hold a class discussion about the fact that spinach has chlorophyll and food coloring
does not.

Give each group the two mystery substances. Have them test each substance for red
glow.

Ask students to determine which mystery substance has the presence of chlorophyll
and explain their reasoning.

Mystery substance B, the other leaf suspension, will contain chlorophyll and glow red.
Chloroplasts are present in the cells of all green tissues of plants and therefore contain
chlorophyll. The green carbonated beverage (mystery substance A) does not contain
chlorophyll and therefore will not glow red.
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SD 1 Red Glow
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SD 2 Chlorophyll Extraction
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SD3 Chlorophyll Diagram
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