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Greenhouse Effect and Global Warming

Environmental Science Student Laboratory Kit
Introduction

What is the greenhouse effect? How does the amount of greenhouse gas in the atmosphere affect the temperature of the Earth?

_Where are the increased amounts of greenhouse gas originating from? Perform the following activities to gain a better understand-
ing of the greenhouse effect and global warming.

Concepts

* Greenhouse effect * Global warming * Greenhouse gases

Background

Carbon dioxide, CO,, is a colorless gas that is present in our atmosphere due to natural and man-made sources. Carbon
dioxide and other greenhouse gases in the upper atmosphere, such as water vapor, ozone, methane, nitrous oxide and chlorofluo-
rocarbons (CFCs) absorb and trap heat energy and thus act like a global blanket. The sun warms the surface of the Earth and the
heat normally radiates back out into space. Because low levels of CO,(g) are naturally present in the Earth’s atmosphere, a certain
amount of this blanket effect is normal. However, the widespread combustion of fossil fuels and increased deforestatio= -
modern world has produced larger quantities of CO,(g), thus thickening the blanket. A majority of the heat energy ends up
in our atmosphere. This phenomenon is known as the greenhouse effect. In this past century, the amount of CO,(g) in of
sphere has increased more than 20% and has reached a point where scientists are concerned that global warming—the incicase ot

the Earth’s temperature—is occurring.

In a greenhouse, visible light (medium wavelength) and ultraviolet light (short wavelength) pass through the glass while infrared
radiation (long wavelengths) are absorbed or reflected. The visible light and UV light from the Sun that pass through the glass
are absorbed by dark-colored surfaces, such as plants and soil, inside the greenhouse. These dark-colored objects absorb the light
energy and heat up. These dark objects inside the greenhouse then re-radiate energy .from their surfaces. The re-radiated energy,
however, is infrared (long wavelength) radiation and not the shorter wavelengths like those th_at gntercd the greenhouse. The
longer wavelength radiation is absorbed or reflected back into the greenhouse f‘rom thc”gl.ass: as it tries to pass back out through
the glass. Thus, the original short wave light rays have becr‘u transformed and * trapi}?ed 1nsu%:: the greenhouse. The greenhouse
thus acts as a one-way valve for infrared heat energy. The entire structure becomes a “‘heat trap.

In Part 11 of thi .
tion to determine the relative amo

H,CO,, is produced. Carbonic aci

s activity, carbon dioxide gas from various sources will be collected and bubbled through an indicator solu-
unt of CO, emitted from each source. When carbon dioxide gas reacts with water, carbonic acid,
d ionizes to give hydrogen (H*) and bicarbonate ions (HCO,"). See Equation 1.

CO,(g) + H,0() = H,CO5(aq) = H*(aq) + HCO,(aq) Equation 1

on the right side of the equation make the solution more acidic and lower the pH. The degree to which the pH
s mount of CO, that dissolves in the water. In Part II, a bromthymol blue indicator solution will be
ation. Bromthymol blue is an acid-base indicator that is yellow at a pH of 6.0 or below and blue

Hydrogen i
changes is proportional to the a
used to determine CO, concentr

at a pH of 7.6 or higher.
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In Part I of this acti

inside this ““greenhouse

. ioxide
: vity, carbon dioxI
this acuvity added to return t

be half-covered with black paper and then exposed to a light source. The air temperature
asured and compared to a normal bottle exposed to the same light source. In Part II of
us sources will be collected and bubbled through indicator solution. The amount of
s to their original color will be measured and compared.
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Materials - p .
. a :
Bromthymol blue solution, 0.04%, 5 pipets '
Sodium bicarbonate, N aHCO;, 10g sl Ruler
m .
Sodium hydroxide solution, NaOH, 0.1 M; Sc1ss01rs
Vinegar, 100 mL Straws, 3
Water, tap String. 6" pieces, 3
: : aust
Balloon, pre-filled with automobile exhaus Stopper: one-hole
Balloons, empty, 2 Support gtand
Bottles, soda, and caps, 2 Tpe (option al)
Construction paper sheet, black Chermometers, plastjc—backe d,3
i 5, plastic, 60-mL., 4 _
Containers and caps, plas .

Lamp or other light source, with bulb 150 watts or higher

Safety Precautions ]

. : tact } '
The dilute sodium hydroxide solution used in this activity is irritating to skin flnd eye.s r ;::;d f;? Wa;{ ig:;:’;:;‘ak With e)’_ef
and skin. Wear chemical splash goggles, chemical-resistant gloves, and a chem.! cal-rests prot: OB v
” afgt}l guidelmes.

soap and water before leaving the laboratory. Follow all laboratory s

Procedure
Part I. Greenhouse Effect

1. Obtain two plastic soda bottles and caps, a sheet of black construction paper, scissors, clear tape, a ruler, three plastic: 3
backed thermometers, three 6 pieces of string, a support stand and a light source or lamp.

2. Tie a 6” piece of string to the hole at the top of one of the thermometers.

3. Repeat step 2 with two additional €” pieces of string and two more thermometers.

s a B0 2210

4. Cuta 6" x 6" piece of black construction paper to fit over one-half of the outside surface of one of the bottles
3. Tape the black construction paper on the outside of one of the bottles (sce Figure 1)

Cap
/ String
—DBlack
constructio, B
const n Thermometer

Tape

]

Figure 1. Black Construction Paper on Bottl R}
e

6. Place a thermometer inside the neck
of o
the cap. The thermometer should be susp::;;;dthe b
n
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o Sure 2, Thennometer in Bottle
1€ String tq h 0 "
Figure 2), ADg Over the neck of the bottle and sorew !
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7. Repeat step 6 using another thermo " boitte (see
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. Set up the activity as illustrated in Fi se ari iti
s illustra gure 3. Use a ring stand to positio i ¢ :
and the same height from the table top. ’ P thixd thermometer 3t 13 e away from the fame

Clear bottle

containing thermometer Bottle,covered with black

paper on one side,
containing thermometer
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1 hanging from
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support stand
Figure 3. Top View of Activity Setup
9. Record the temperature for each of the three thermometers before the light is turned on.
10, Turn on the light and record the temperature of each thermometer every five minutes for 20 minutes.
11. Record all temperature readings in the data table.
Part I1. Sources and Levels of Greenhouse Gas

I 12. Obtain four 60-mL plastic containers and caps, a plastic soda bottle, 5 mL of bromthymol blue solution, 5 mL of 0.1 M
sodium hydroxide, 30 g (5 teaspoons) of sodium bicarbonate, 100 mL of vinegar, a one-hole stopper, three pipets, two
empty balloons, a balloon filled with automobile exhaust, three straws, a permanent marker, scissors, and two twist ties.

13. Blow up one of the empty balloons with your breath. Fill the balloon until it is the size of the prefilled automobile cxhaust
balloon. Use a iwist tie to close the neck of the balloon once it has been inflated. Label the balloon “Breath™ with a perma-

nent marker.

14. Place approximately 30 g (6 teaspoons) of sodium bicarbonate into the plastic soda bottle.

15. Cut a pipet approximately 2” from the end of the tip. Place the tip of this pipet into a one-hole rubber stopper (see Figure 4).

——Cut off
pipet tip

Figure 4. Pipet Tip in Stopper

final empty air balloon over the free end of the pipet as shown in Figure 5. Wrap the neck of the bal-

the neck of the ¢
16. Place Fold over and pinch the excess portion of the neck of the balloen around the pipet with your thumb

toon around the pipet.
and first two fingers.

—— Fold neck of
balloon over
and grasp here

g Figure 5. Neck of Balloon around Pipet !

-3- IN7324

: ission is granted only (o science teachers who have purchased Greenhouse Effect and Global Wi Caval 7324
o 4. Reproduction permission Is | 5 3 3 ] b Effect an obal Warming, Catalog No. AP7324,
entific, Inc. All Rights Rcsav’ii mnypbe reproduced of transmitied in any form or by any means, electronic or mechanical, including, but not limited to photccopy, recording, or any
fic, inc. No part of this matert “on 10 wiiting from Flinn Scientific, Inc.
L 4

5 g o
3 09 Flinn Sci ‘
I al systen, W rmiss.
and etrieval Y8 m, withou pe
¢ B retre al tem, 1

om Flinn Scienn
prnaton wlorag

il




t o ErER 2 SR, 31 L i L B AL (P 1 U o -9\‘-';% 7 il 0

<o P aaists BT gon 817 gariet T gner ©BF p— - n\l?"};: {0

td -

. d quickly place the one-hole stopper into the mouth ¢ the
i i into the plastic bottle and qu
17. Pour approximately 100 mL. of vinegar in ] -
i balloen will quickly inflate with carbon dioxide gas.
plastc botle. The balloo : dv-filled balloons. Twist the neck of the balloon to close jt and '

18. Allow the balloon to inflate to the size of the othir two already- ¢ e

secure it with a twist tie. Label the balloon “COQ,” with a permanen
60-mL plastic containers.

19. Add 10 mL of tap water to each of four p ‘ © sovial. ccntainer, Rocord ik saitial colorof s soluto

20. Using a pipet, add 10 drops of bromthymol blue solution to each 60-
for each container bottle in the data table. - ortion of th

: d pinch the excess p € Neck

21. Obtain the “breath™ balloon. Place a straw into the neck of the balloon. FoIquch;ré ) Erape the neck of the balloon to g
of the balloon around the straw with your thumb and first two fingers (see Figu .
straw to obtain a tight seal, if necessary.

—+—— Fold neck of
balloon over
and grasp here
— Straw
L
Figure 6. Neck of Balloon around Straw

22. Place the other end of the straw into the bromthymol blue solution in the bottom of one of the 60-mL containers. #

23. Untwist the twist tie and bubble the air from the balloon through the straw and into the bromthymol blue solution until the
balloon has deflated.

24. Place the cap on this container and record the color of the solution in the data table.

25. Repeat steps 21-24 for the balloon filled with automobile exhaust and the balloon filied with carbon dioxide. Record the
color of the solutions in each 60-mL container in the data table.

26. Perform step 27 for any of the bottles that had solutions that underwent a color change.

27. Uncap the first container. Using a clean Beral-type pipet, add 0.1 M sodium hydroxide solution drop-by-drop to the indica-
tor solution, swirling the solution with each added drop. Count the number of drops required for the indicator to change
back to its original color. Note: Use the fourth small container with the original bromthymol blue solution as the colar con-
trol. Wait a minute or two before recording the final drop counts as the color may revert slightly.

28. Record the number of drops and observations in the data table.

29. Answer the Post-Lab Questions.

Disposal

Consult your instructor for appropriate disposal procedures.
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Name:

Greenhouse Effect and Global Warming
Worksheet

>

Data Tables

Part I. Greenhouse Effect

All temperatures in degrees C

( Time (min) \ Open Clear Bottle Bottle with Construction Paper
0
5
10
15
= |,

Part I1. Sources and Levels of Greenhouse Gas
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Post-Lab Questions i/ DAL,

Com diff eter s
0 It i erent thermomet
1 pare and contrast the temperature results obtained for the d1

: : e related.
2. Define the greenhouse effect and global warming. Describe how they ar
. ) house effect?
How do the temperature results observed for the different bottles in Part I relate to the green
. ot ?
4. What additional experiments could be performed using the basic setup in Part I to further investigate the greenhouse effect?

- Which indicator sample(s) in Part II revealed the presence of carbonic acid after the balloon gases were bubbled through
them?

L

6. Compare the number of drops of NaOH required to return to the original control color for each solution. What do these
results mean?

7. Which balloon sample contained the largest amount of €O,? Which contained the least?

8. Describe possible sources of experimental error that may affect the results for Part II.

9. Name a few ways to decrease the amount of greenhouse gas that is released into the atmosphere.
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