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The Cooler and Delivery
Truck Evidence

CHAPTER 3

CHEMISTRY CONTENT

*  Density

e Data interpretation

e Dimensional analysis (unit conversions)
e (Gaslaws

e Kinetic molecular theory

e Surface tension

NATIONAL SCIENCE EDUCATION
STANDARDS ADDRESSED

Content Standard A: Science as Inquiry
Content Standard B: Physical Science
Content Standard G: History and Nature of Science

CASE INFORMATION

Based on your students’ knowledge of chemistry,
local police have asked for their help in solving a
local missing-persons case. The victim in this case is
Kirsten K. Your students will try to determine which
of the suspects is most likely responsible for her dis-
appearance based on the evidence provided by the
police and analyzed by the students. The included
suspect file provides additional evidence and the

1 Ak

relationships of the suspects to one another. Suspects
in this case include:

1. Harold M., a local plumber

2. Gladys V., a retired pharmacist and Lake House
owner

3. Elizabeth G., a neighbor of the victim and local
business owner

4. Larry]., the victim’s husband

In the first part of this performance assessment, your
students will analyze samples from a recycling plant
to determine where police should begin their search
for the victim. In the second part, your students will
analyze data from an airbag deployment to deter-
mine whether the delivery truck driven by the victim
prior to her disappearance can be extracted from the
lake so that further evidence can be recovered.

Part |- The Cooler Evidence

In Part I of this performance assessment, students
learn that Kirsten K. has been reported missing and
is believed to have been murdered, although this
has not yet been confirmed. However, police are not
sure where to start looking for the body. Police have
narrowed their search down to three local bodies of

FORENSICS IN CHEMISTRY
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CHAPTER 3

water but need the students’ help to determine in
which body of water they should start their search.
Choosing the bodies of water is up to the discretion
of the teacher.

The students find out that the police received a
call from a local recycling plant of a suspicious per-
son who came into the plant with a blue cooler that
had a bullet hole in it. The person of interest was also
carrying a large chain. Police believe the suspect may

MAP OF CENTRAL ILLINOIS WITH LAKE LOCATIONS

have tried to destroy evidence by sending the cooler
through the recycling plant. Students then receive
baggies of recycled pieces from the plant. The recy-
cled sample has blue, yellow, and white pieces of
small plastic, all with different densities. According
to the police report, the blue pieces are believed to be
part of the cooler. The recycled sample baggies are
labeled with a forensics tag, as seen in Figure 3.1 (for
a full sheet of forensic tags, see Appendix D).
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We selected Clinton Lake, Lake Springfield, and Lake Bloomington because of their proximity to
our school. Additionally, Clinton Lake is near a nuclear power plant, which will aid us in analyzing
evidence in the Nuclear Radiation assessment presented in Chapter 5.
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The Cooler and Delivery

Truck Evidence

FIGURE 3.1

FORENSIC TAG

Forensics Evidence Tag

Description of item:

Recucled cooler sample

Location of collection:

Local recucling plant
= v

Additional Information:
Other recucled products mau be included in

sample

Students learn that the police believe one of the
suspects tried to dispose of the body by stuffing it
into a cooler and sinking it in one of the three bodies
of water. The police believe the suspect was unable
to sink the cooler and so tried to dispose of the body
elsewhere and recycle the cooler to get rid of the evi-
dence. Therefore, if the students can determine the
body of water in which the cooler pieces float, the
police can begin searching for the victim near that

we wanted the pieces of the cooler
to float in the Clinton Lake sample
because we knew we wanted to
use the nuclear power plant Later.
whatever You decide, just make sure
that the body of water you select
as the starting point for the police
search has the same density range
as the pieces of plastic You choose to
represent the cooler.
e

location. Given the density ranges of the bodies of
water and a variety of liquids with varying densi-
ties, the students design their own experiment to
determine the density of the cooler and, therefore, in
which body of water the cooler pieces will float.

In this activity, many methods can be used to
solve this piece of the forensic puzzle, and students
may use any materials they request, including the
cups and spoons that come with the kit, as well
as their lab drawer filled with standard chemistry
equipment. You are likely to get a variety of experi-
mental procedures from your students. In fact, each
lab group may have a slightly different experiment or
method, which is one of the benefits of inquiry-based
lab activities such as this. Some students only test the
blue pieces out of the sample because the cooler was
blue; whereas, other students test the whole sample.
Some measure or count to make sure each sample
has the same number of pieces, while others don’t
measure or count anything. The only concept that
I make sure to remind them of 1s “surface tension,”
which we studied in the previous unit. Sometimes
the pieces are so small they are not able to overcome
surface tension, making it appear as if the cooler
pieces float at various densities. It is important that

K
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the cooler pieces float only in the density range of the
body of water you wish to use as your investigation
starting point.

In this assessment, students will also do a series
of calculations to determine the likelihood of sinking
the cooler using various methods. They will calculate
whether or not the body would fit in the cooler, if the
cooler would sink with the body in it, if the cooler
would sink with a chain around it, and if the cooler
would sink with a bullet hole in it that allowed it to
fill with water. In all cases, the students’ calculations
support the fact that the blue cooler would not sink
in any of the given situations, which leads them to
the reason why the suspect would recycle the cooler
instead of throwing it to the bottom of the lake. This
also leads police to believe that the body of Kirsten
K. still needs to be found and that they should start
looking at the location identified by the students
based on the recycled cooler data.

Part Il: The Delivery Truck Evidence

In Part II of the assessment, police have discovered a
wedding cake delivery truck with a deployed airbag
found in the lake matching the evidence from Part I.
The delivery truck is believed to have been the truck
that Kirsten K. was using to deliver wedding cakes
on the night of her disappearance. Police need to
know if they can extract the delivery truck from the
lake without the volume of the airbag exceeding its
maximum volume of 65 L, so that the deployed air-
bag stays intact and further evidence can be gathered
from inside the delivery truck. Police have taken the

temperature and pressure measurements at various
depths in the lake, which will allow students to cal-
culate how the volume of the airbag will change as
the delivery truck is brought up to the surface of the
lake. In addition, students will graph the evidence to
show the various trends relating to gas laws. Students
are expected to recognize if the trend shown in their
graph is a direct or an indirect relationship. Students
should find that the airbag will not explode, so further
evidence can be gathered from the delivery truck. In
this part of the assessment, students are also asked
to calculate the number of moles of gas that will fill
the airbag at a given temperature, maximum volume,
and pressure. They will also need to explain how the
number of moles of gas does not change as the deliv-
ery truck with the deployed airbag is brought to the
surface of the lake. Based on the cooler and deliv-
ery truck evidence, students are allowed to create
whatever scenario fits within their conclusions. The
importance of the evidence collected from this per-
formance assessment in the overall case will depend
on other evidence collected through the other four
performance assessments, especially the chemi-
cal evidence in assessment #2 (see Chapter 4: The
Chemical Evidence).

In the remaining pages of this chapter, you will
find a teacher guide, student handout, suspect file,
student lab report example, and grading rubric for
Performance Assessment 1: The Cooler and Deliv-
ery Truck Evidence. More information about how
to use the grading rubric for this and future perfor-
mance assessments can be found in Appendix B.

National Science Teachers Association



The Cooler and Delivery

Truck Evidence

Teacher Guide:

The Cooler and Delivery Truck
Evidence

Time: 4-5 days
Grades: 11and 12 (second-year chemistry)

OBJECTIVES

1. Students will solve a forensics case using their
knowledge of chemistry (for performance
assessment #1 this includes density, data inter-
pretation, dimensional analysis, gas laws, kinetic
molecular theory, and surface tension).

2. Students will assemble their evidence in the for-
mat of a lab report.

3. Students will answer the following questions:

Part |

1. What is the density range of the blue cooler
pieces?

2. In which lake should police begin their search
for the body?

3. Would the body fit inside the cooler?

4. Would the cooler have been able to float with the
body in it, plus a chain wrapped around it?

5. Would the cooler float after water filled it
through a bullet hole?

Part 11

1. According to volume data, explain why the
police should be able to still get evidence from
the delivery truck after retrieving the truck from
the lake?

2. Describe the pressure verses volume graph. Use
the words direct or inverse in your description of

the relationship, along with data from the graph,
in your answer to describe which gas law this
graph represents.

3. Describe the volume verses temperature graph.
Use the words direct or inverse in your descrip-
tion of the relationship, along with data from the
graph, in your answer to describe which gas law
this graph represents.

4. Using the ideas supporting the kinetic molecu-
lar theory, explain why the number of moles of
gas in the deployed airbag would stay the same
throughout the volume calculations.

PREPARATION

Part |

Students will need a variety of liquids with varying
densities in order to determine the density range
for the blue cooler pieces from the recycled sample.
The recycled sample consists of polystyrene (blue
pieces), nylon (yellow pieces), acrylic (white pieces),
and polypropylene (clear pieces), which have density
ranges of 1.05-1.07 g/ml, 1.15 g/ml, 1.15-1.20 g/
ml, and 0.90-0.91 g/ml respectively. Make sure the
density range of the cooler matches the density range
of the lake near which the investigation will take

place.

FORENSICS IN CHEMISTRY
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Part Il

No setup required for this part.

THE LAB

Part |

Students write their own hypothesis, design their
own procedure, and create their own data table. The
work that they do will be assembled in a lab report as
part of their evidence file (to be maintained through-
out the year).

Part Il

Students will be graphing and analyzing data col-
lected by the police about volume, pressure, and
temperature and calculate using the ideal gas law.

QUESTION GUIDELINES

For calculations, formulas, and work, see the student
example at the end of the chapter.

Part |

1. The blue cooler pieces should have a density
range of 1.05-1.07 g/ml (NOTE: one likely
source of error in this range would be the result
of surface tension of the liquids when determin-
ing the density range of the plastic pieces).

2. Clinton lake (of the three lake density ranges, the
cooler pieces should float in this range ONLY).

3. Yes, the body of Kirsten K. would fit in the cooler.

4. Yes, the cooler would only be partially sub-
merged because the height of the water displaced
is not greater than the height of the cooler.

5. Yes, it will still float even if it was filled with
water so the suspect(s) had to dispose of the
cooler by recycling it.

National Science Teachers Association

Part 11

1.

The airbag volume will not go above the maxi-
mum 65 L as calculated for each of the various
depths. The maximum volume of the airbag
only gets to 63.8 L at the surface as the deliv-
ery truck is extracted from Clinton Lake, so evi-
dence should still be able to be collected from
inside the delivery truck.

The pressure verses volume graph shows an
indirect relationship. The volume of the airbag
at the bottom of the lake is 27.1 L and the pres-
sure 1s 2.24 atm, but as the volume increases to
64 L as the truck gets closer to the surface of the
lake, the pressure decreases to 1.01 atm. This
shows the relationship in Boyle’s Law.

The volume verses temperature graph shows a
direct relationship. The volume of the airbag is
27.1 L and the temperature is 5°C, but as the
temperature is increased to 22°C near the surface
of the lake, the volume of the airbag increases to
63.8 L. This shows the relationship in Charles’
Law.

As long as the airbag stays closed and is not
punctured with holes at all as the delivery truck
is being extracted from the lake, the number of
moles of gas will stay the same inside the airbag.
According to the kinetic molecular theory, the
gas molecules inside the airbag will increase in
movement as the temperature of the molecules is
increased as the truck is brought to the surface.
This would also account for the airbag’s change
in volume; the greater number of collisions of
the molecules inside the airbag is caused by the
increase in their movement as the temperature

Increases.




The Cooler and Delivery
Truck Evidence

MATERIALS

Part |

Recycled sample

0 Mixture Separation Challenge (a kit from
Educational Innovations)

0 www.teachersource.com/Density/ DensityKits/
MixtureSeparationChallenge.aspx

Various liquid samples with varying densities.

Some examples include: water (1.000 g/ml), salt

water (1.03-1.05 g/ml), 95% EtOH (0.789 g/
ml), 90% isopropyl alcohol (0.786 g/ml), canola
0il (0.912-0.924 g/ml)

e Forensic tags (included in Appendix D)

e Suspect File A

¢ Additional supplies may include: spoons, plastic
cups, beakers, graduated cylinders, tweezers

Part 11

e Graph Paper (included in the assessment
handout)

FORENSICS IN CHEMISTRY
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Name:

Class: Date:

The Case of Kirsten K.:

The Cooler and Delivery Truck
Evidence

PART I: THE COOLER EVIDENCE

Case Background

On September 4, Kirsten K. went missing from the
Bloomington-Normal area. A missing person’s report
was filed by her husband, Larry J., and the police are
still investigating. No sign of the body has been found
yet, but police are currently investigating a lead and
have narrowed their search down to four suspects.
Police were informed that one of the suspects was
seen taking a cooler to a recycling plant after allegedly
dumping the body. When questioned, the manager of
the recycling plant remembered a blue cooler being
brought in sometime early in the week of September
7. He remembers it for two reasons:

1. It had what looked like a bullet hole in it, and he
remembers thinking “it wouldn’t work very well
as a cooler with a hole in it.”

2. The suspect was carrying a chain in the other
hand when dropping off the cooler.

Police confiscated the recycled sample, which
included pieces of the cooler and other items that
were recycled with it. The recycled sample is cur-
rently en route to the CSI (Crime Scene Investiga-
tion) lab at the local police station. Police believe the
suspect(s) stored the missing body inside of the cooler
at one point in an attempt to dispose of the body in

National Science Teachers Association

one of the following lakes: Lake Bloomington, Clin-
ton Lake, or Lake Springfield. Police believe that the
suspect(s) tried to recycle the evidence after failing to
sink the cooler in one of these bodies of water.

Background Information on the Lakes

Lake Bloomington—TIlocated just north of Blooming-
ton, Illinois, this lake has a surface area of 635 acres
and an average density of 0.98 g/ml. The smaller size
of this lake allows for the water to change temperature
more rapidly than the other lakes in the area. There-
fore, the water in Lake Bloomington is, on average,
warmer than in the other lakes. This means that less
gas 1s dissolved in the water, making it slightly less
dense than the average density of water.

Clinton Lake—Tlocated approximately 30 miles south
of Bloomington, Illinois, this lake has a surface area
of 4,900 acres and an average density of 1.05 g/ml.
The larger size of this lake means that the water tem-
perature does not change as rapidly as smaller lakes.
Therefore, the water in Clinton Lake is, on average,
cooler than in the other lakes. This allows for more
gas to be dissolved in the water, making it denser
than the average density of water.

Lake Springfield—located approximately 50 miles
south of Bloomington, Illinois, this lake has a sur-
face area of 4,234 acres and an average density of
1.01 g/ml. The lake is of average size and of average
temperature.




The Cooler and Delivery
Truck Evidence

Purpose

Your investigation should help police determine
answers to the following three questions:

1. What is the density range of the cooler in which
the suspect(s) tried to store the missing body?

2. In which body of water should police start look-
ing for the body?

3. Would the suspect(s) have been successful in
trying to dispose of the body, by sinking it in the
cooler using the methods described?

Hypothesis

In which scenarios (e.g., bullet holes, chains, filling
with water) would the suspect(s) have been success-
ful or unsuccessful in sinking the cooler? Address all
scenarios in your hypothesis.

Procedure

Werite out your experimental procedure (numbered
list of steps) below. Be specific!

Materials

e Various liquids of varying densities
¢ Recycled sample
e Small dishes

e Spoons

Data

Construct a data table or tables to collect data as
described in the procedure.

FORENSICS IN CHEMISTRY
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ANALYSIS: CALCULATIONS

There are thee key questions that the police must
address in order to verify or refute the evidence from
the cooler:

1. Would the body have actually fit inside the
cooler?

2. Would the cooler have even been able to float
with the body inside?

3. Would the cooler have floated with a bullet hole
in it that would have allowed water to fill the
cooler?

Answer the questions below, which will help to
answer these three key questions. Address these
three questions in your conclusion and support them
with the calculations below.

1. The igloo cooler that was used in this case was
believed to have had the labeled capacity of 162
gts. Kirsten K.’s body had a volume of approxi-
mately 59.5 L (0.95 L =1 gt.). Would the body
have even fit in the cooler? Show work to support
your answer.

2. The cooler was believed to have had dimensions
of 104 cm long, 45.7 cm wide, and 53.3 cm deep.
If the cooler sinks one cm, calculate the volume
of water it displaces.

National Science Teachers Association

The density of lake water where you determined
police should start their investigation is

g/cm?. Calculate the mass in kilograms of the
lake water displaced by the volume you calcu-
lated in question #2 (1,000 g = 1 kg).

Kirsten K.’s body weighed 128 lbs. The empty
cooler has a mass of 13.6 kg, and the chain that
police believed the suspect wrapped around the
cooler to try to make it sink, has a mass of 13.6
kg as well. Calculate the total mass of the body,
the cooler, and the chain. Using your calcula-
tion from question #3, how many centimeters
will the cooler holding the body and wrapped in
chains sink? Will the cooler be completely sub-
merged below the surface of the water? (1 kg =
2.21 1bs)

Now let’s determine if the cooler will still float
if you shoot a hole in it and allow water to enter.
Let’s consider the extreme case in which water
fills the entire cooler (which it won’t). The inside
dimensions of the cooler are 35.5 cm by 94.0 cm
by 43.2 cm deep. Calculate the inside volume of
the cooler in liters. (1 ml = 1 cm?)
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6. Calculate the mass of lake/creek water that DiSCUSSioOn

would completely fill the cooler. Remember 1 Describe the likelihood of the body being able to

to use the density of lake/creek water that you fit inside the cooler. Use calculations to support
chose in the cooler evidence. your answer.

7. Calculate the total mass of the cooler, chain, and 2. Describe the ways in which the suspects tried to

lake/creek water. How many centimeters will dispose of the cooler. Were they successful? Sup-
the cooler sink? Will it be completely submerged port your statement with evidence.

if 1t 1s full of lake/creek water?

3. Describe what effect the bullet hole would have

, had on the ability of the coolor to sink in the lake.
Conclusion

In which body of water should the police start their
investigation and what specific data supports this?
Be sure to refer back to your hypothesis.

Part —The Cooler Evidence: adapted from “Murder She Floats,”
by Robert Mentzner, ChemMatters, Dec. 2002, pp. 17-19. Copy-
right 2002 American Chemical Society.
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PART II: THE DELIVERY TRUCK EVIDENCE

Background Information About Airbags

A sensor in front of a car detects sudden deceleration
and sends a signal to a cylinder containing a mixture
of chemicals. In the cylinder, an igniter goes off, start-
ing a series of chemical reactions that release a large
volume of nitrogen gas. The bag literally bursts from
its storage site at up to 200 mph. When the airbag
deploys, the maximum volume it can hold is 65 L. The
gas fills the airbag, and the passenger hits the soft bag
instead of the steering wheel or dashboard. A second
later the gas quickly dissipates through tiny holes in
the bag, thus deflating the bag so the person can move.
The bag has to inflate in less than a tenth of a second,
and it has to inflate with exactly the right amount of
gas. If it under-inflates, it would not provide enough
protection; if it over-inflates, it might rupture or cause
an explosion.

The first reaction set off by the igniter is the
decomposition of sodium azide into sodium metal
and nitrogen gas.

2NaN;, - 2Na + 3N,

By itself, this reaction cannot fill the airbag fast enough,
and the sodium metal that is produced is dangerously
reactive. To solve these problems, engineers included
potassium nitrate in the mixture of reactants. The
potassium nitrate reacts with the sodium produced in
the first reaction, releasing even more nitrogen gas.

10Na + 2KNO,— K,O + 5Na,O + N,

The heat released by this reaction raises the
temperature of the gaseous product, helping the bag
inflate even faster. The heat causes all the solid reac-
tion products to fuse together with Si0,, powdered
sand, which is also part of the reaction mixture.

Background Information About the Case

Police have started searching Clinton Lake, as you
suggested, looking for evidence regarding the miss-
ing person’s report they received for Kirsten K. Police
have found an abandoned delivery truck at the bot-
tom of the lake, which may hold evidence that could
lead to finding the person(s) responsible for the kid-
napping of Kirsten K. The airbag has been deployed,
but there was a malfunction and the airbag remained
inflated even after entering the lake. Police want to
make sure the airbag will not explode as they lift the
truck up from the bottom of the lake to the surface in
order to preserve all possible evidence in the deliv-
ery truck that has not yet been destroyed. They have
asked you to help collect evidence and double check
some of the data they have already taken.

Purpose

To determine if the vehicle can be safely removed
from the lake without the airbag exploding.

Hypothesis

Looking at the data provided by the police about depth,
temperature, and pressure of the lake, predict what
will happen to the volume of the airbag as the truck is
removed from the bottom of Clinton Lake. Consider
the Pressure (P), Temperature (T), and Volume (V)
relationships as well when giving your prediction.

Data

Table 1 shows the lake data from the police includ-
ing depths, temperatures, and pressures to help you
determine the volume of the airbag at various depths.

Analysis: Graphing

Before you arrived at the scene, police started to col-
lect data about the temperature, pressure, and vol-
ume to try to gain more information about the aban-
doned vehicle.

National Science Teachers Association
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TABLE 1

CLINTON LAKE DATA MEASUREMENTS FROM POLICE

DEPTH (FEET) TEMPERATURE (°C) PRESSURE CALCULATED VOLUME (L)
40 5 2.24 atm
30 10 1520 mmHg
20 15 1140 mmHg
10 20 1.07 atm
0 22 1.01 atm
GRAPH #1

PRESSURE VS. VOLUME

Graph the pressure from the lake verses the volume to show the relationship between the two variables.

FORENSICS IN CHEMISTRY 23
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GRAPH #2

VOLUME VS. TEMPERATURE

Graph the volume that you calculated for each of the various temperatures in the lake to show the relationship between
the two variables. (***You will not be able to create this graph until after you do the Analysis-Calculations section of

the assessment.)

Analysis: Calculations

You have been hired by the police as a chemical engi-
neer responsible for investigating the abandoned
vehicle found with a deployed air bag. For police to
gain insight into the case, they need you to calculate
if the delivery truck can be safely removed from the
lake without the airbag expanding too much, burst-
ing, and destroying evidence.

National Science Teachers Association

1.

Calculate the number of moles of gas in the airbag
at maximum volume, 65 liters, at room tempera-
ture, 25°C, and at 1 atmosphere (atm) of pressure.
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2. Calculate the volume at the various depths given
by the police to determine if the airbag will expand
to a volume greate enough to make it explode.

VOLUME CALCULATIONS USING
DEPTH (FT) | IDEAL GAS LAW

40
30
20
10
0

Conclusion

Explain to the police whether or not they will be able
to gather evidence from the delivery truck and why,
based on your calculations.

Discussion Questions

1. According to volume data, will the police be able
to retrieve evidence from the delivery truck after
raising the truck from the lake? Explain.

2. Describe the pressure verses volume graph. Use
the words direct or inverse in your description of
the relationship, along with data from the graph,
in your answer to describe which gas law this
graph represents.

3.

Describe the volume verses temperature graph.
Use the words direct or inverse in your descrip-
tion of the relationship, along with data from the
graph, in your answer to describe which gas law
this graph represents.

Using the ideas supporting the kinetic molecu-
lar theory, explain why the number of moles of
gas in the deployed airbag would stay the same
throughout the volume calculations.

FORENSICS IN CHEMISTRY
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SUSPECT FILE A

Victim: Kirsten K.

Occupation

Residence:

Suspect #1:

Nurse

Normal, IL.

Harold M.

Occupation:

Residence:

Suspect #2:

Plumber
Clinton, IL. (Just off Highway 10)

Gladys V.

Occupation:

Residence:

Suspect #3:

Retired pharmacist

Bloomington, IL (Owns a lake house on
Clinton Lake)

Elizabeth G.

Occupation:

Residence:

Suspect #4:

Owner of a wedding cake design/
catering business

Normal, IL (neighbor to the victim and
her husband)

Larry J.

Occupation:

Residence:

Investment banker
Normal, IL (husband of the victim)
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Name: Class: Date:

Student Lab Report Example:

The Cooler and Delivery Truck
Evidence

|. INTRODUCTION

(A) Background Information

The cooler was found in the recyeling plant with a bullet hole tn it. The fact that the cooler was taken

to the factory by a person carrying a chain helps solidify that the chain, cooler, and bullet hole can be
subwitted tnto evidence. The victim, Kirsten K., was disposed of tn Lake Bloomington, Clinton Lake,

or Lake Springfield. BY using the information provided by the police, it will be possible to determine if
the truck found had anything to do with Kirsten K.'s murder as long as the airbag stays intact as they
extract the delivery truck from the Lake.

(B) Purpose

The purpose is to discover where the crime scene is Located for the Ridnapping of Kirsten K. and to
caleulate if the suspect(s) could have sunk the vietim tn a cooler into the Lake. it also needs to be
determined if the sunken delivery truck can be removed from the Lake without it bursting as it rises
to the surface, so evidence can be used from the truck to find the prime suspects at this point in

the lnvestigation.

(C) Hypothesis

If there was a body in the cooler, a bullet hole tn it, and a chain wrapped around it, thew it will still float
andl the suspect will have to dispose of the cooler differently which is why the cooler had to be recycled.

I the police are able to remove the truck from the Lake without the volume going over 65 L, thew the
evidence from the sunken delivery truck will be able to safely be retrieved.

(D) Procedure

1. Pour the various liguids into the cups provided using the same anmount of Liquid tn each cup.

2. Place the same nunmber of blue pieces tn each cup of Liquid.

2. Use a spoon to push down on the blue pieces to make sure they are not floating because of
surface tension.
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4. Record whether or not the blue pleces sink or float in the Liquid.
a. If cooler savmple sinks, thew the density of the blue cooler pleces is greater thawn the density of

that Liquid.
b. I the cooler sample floats, then the density of the blue cooler pieces Ls Less than the density of
that liquid.
(E) Materials

various known liquids with different densities
Recyceled sample containing blue cooler pieces
sSwmall dishes

Spoons

1. DATA

Part 1: The Cooler Evidence
TABLE 1:

RECYCLED COOLER AND LAKE SAMPLES

LiQuiD DENSITY (G/ML) SINKS FLOATS
water 1.00 Yes No
Salt 1.05 No Yes
ethanol 0.79 Yes No
Mineral Ot 0.80 Yes No
vinegar 1.01 Yes No

Part Il: The Delivery Truck Evidence
TABLE 2:

CALCULATED VOLUME OF AIRBAG FROM THE SUNKEN DELIVERY TRUCK

DEPTH TEMPERATURE CALCULATED VOLUME
(333) (°C) PRESSURE (ATM) (LITERS)
40 5 2.24 atm 2FL
iatm =
=0 10 1.520 mmtHg X FE0 atm 1.17 atm 20.9
iatm =
-0 15 1140 mmttg x 20 At 1.10 atm 572
10 20 1.07 atm 59.€
O 22 1.01 atm 63.8

National Science Teachers Association
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[11. ANALYSIS: CALCULATIONS
GRAPH 1: PRESSURE VS. VOLUME GRAPH 2: VOLUME VS. TEMPERATURE
Pressurevs Volume Volume vs. Temperature
E 1_: _\ . :3 -4.——4__—.?.4
£ £
E 0.4- ;, 20

T T T T T T T
45 53 57 60 64 5 10 15 20 22
Volume of the Airbag (L)

Temperature (*C)

Part I: The Cooler Evidence
1. 59.5 Lx% = e2.9 gts

>162 gts = body does not fit
<162 gts = body does fit
&2.9 qts < 162 gqts = yes, body will fit tnside the cooler

2. 1wml=1om®
104 LM X 45.F LM X 1 o = 4,752.8 e of water displaced if cooler sinks 1 cm

3. 4, 752.8 P x 105 A = 4990 4 g x LLOO 4 = 4 9904 k,
7 o T o g rINED = 49904 kg
ORrR

Density = mass/volume  1.05 g/om® = mass/4,752.8 om*
Mass = 4,990.4 ¢

4. 128lbsx1 kg = 58.2kRg + 13.6 kg + 13.6 kg = 854 kg
(body) (cooler) (chain)

4.9904 Ro — 85.4 Rg
1om X o

X = 1F1 om > no, not completely submerged because it's below the cooler helght
of 52.5 cm

5 3550mX94.0 cmx 432 om = 1441584 mlx L& =144
1000wl

volume = length x width x helght
Tem®=1wml =0.001 L

FORENSICS IN CHEMISTRY
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6. 144 Lx1000 Ml 1 om=, 1.059 = 151 200 g x LRY = 151 kg
1 Twml  1em® 1000 ¢

F. 151 kg +13.6kg +13.6 kg = 178 kg
(salt water) (chain)  (cooler)

4.9904 Rg — 17€ ko)
1om X e

X = 35F cm 3 o, not completely submerged because it's below the cooler height of 53.5 cm

PART II: THE DELIVERY TRUCK EVIDENCE

1. ldeal qas Law
P =1 atm
vV=e5L
R = 0.0821 L-atwm/mole-K
T =25C + 273 = 298K

PV=nRrRT

(1) x (65) = nx (0.0821) x (29%)
65 = nx (24.465%)

W = 2.66 moles

30 National Science Teachers Association
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2.
CALCULATIONS FOR THE VOLUME OF THE AIRBAG AT VARIOUS DEPTHS
DEPTH
(FEET) VOLUME CALCULATIONS USING IDEAL GAS LAW
PV=nrRT
40 (2.24) x (V) = (2.66) x (0.0821) x (27€)
224V = (60.7)
V=271l
PV=nrRT
30 (2.0) x (V) = (r.66) x (0.0821) x (283)
20V = (61.8)
V=309 L
PV=nRrRT
2 1.5) x (V) = (2.66) x (0.0821) x (28R)
1.5V = (41.9)
vV=5#2L
PV=nRT
10 (@.07) x (V) = (2.66) x (0.0821) x (293)
1.0%V = (64.0)
V=598L
PV=nRrRT
0 (1.01) x (V) = (2.66) x (0.0821) x (295)
1.01V = (64.4)
v=638L

IV. CONCLUSION

The purpose of the experiments was to be able to find the Location of the crime scene where the Ridnapping
of Kirsten K. took place, determine if the body was able to be disposed of inside the cooler using the
various options, and check to see if the delivery truck could be safely removed from the Lake without
the deployjed atrbag exploding. The hypothesis was supported for Part : The Cooler Bvidence because the
suspect (s) were not successful in trying to sink the cooler with the boolg b it, with a chain wrapped
around it, or shooting a bullet hole it to allow the cooler to fill with water. The hypothests for Part (:
The Delivery Truek Bvidence was also supported because the alrbag did not tnerease above 65 Liters in
volume so bt will not explode whew police remove it from the bottom of the Lake, so evidence will be able to be
extracted from the airbag of the truck.

The data collected from the density gradient experiment proves that Kirsten K.'s body was disposed
of in the Clinton Lake because the blue veecyceled cooler pieces did not float tn the salt water only). The
salt water had a density of 1.05 g/ml and the vinegar had the next highest density of 1.01 g/ml. The
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recyjeled blue cooler pleces diol wot float in the vinegar, so this puts the density of the cooler pieces between
2 1.01 g/ml and 1.05 g/ml range in density. The only Lake that the cooler would have floated tn would
have been Clinton Lake because it has a density of 1.05 g/ml. The density of Lake Springfield (1.01 g/
ml) would have matched the density of the vinegar that was tested where the blue cooler pieces sank. So if
the suspect(s) were trying to sinke the cooler in Lake Bloomington or Lake Springfield, they would have
been successful and wouldw't have had to recycle the cooler to get rid of the evidence. The caleulations for
the various situations create additionnl support for the suspect(s) not belng successful in sinking the
cooler using other wethods, such as wrapping chatn around it or shooting a hole tn it to fill it with water.
According to the caleulations tn numbers four and five specifically, evew if the cooler had a hole i it, the
cooler with the body in it would have still floated.

The police were also able to successfully) remove the delivery truck from the lake without exploding the
atrbag, so additional evidence will be able to be vetrieved from the truck to determine the lead suspect(s)
at this polnt in the tnvestigation. According to the caleulations, the volume of the airbag will only get to
&3.2 L and the maximum capacity of the airbag is &5 L, so the police shoulol be able to remove the truck
with the deployjed atrbag exploding and compromising important evidence in the truck.

The two most Likely suspects for Kirstew K.'s murder are Harold M. and Gladys v. They are the best
suspects because they both have houses tn Clinton and live in the area and would be most famdiliar with
Clintow Lake. Havold M. may be wore likely than Gladys V. to be able to manewver the victim and cooler
to try to sink it. if Gladys v. were working alone, it would be highly unlikely that she would be able
to move the cooler and chains to wrap it by herself. But sinee she is a retirved pharmacist she may have
access to drugs to Ridnap the victhm. But again, she is most likely not working alone since she may not
have the strength regquired to be able to force Kirsten K. to be taken from one location to another.

V. DISCUSSION

Part I: The Cooler Evidence

1. Describe the likelihood of the body being able to fit inside the cooler. Use calculations to support your
answer.

The body would have fit tn the cooler because according to caleulation #1, the cooler can hold 162
quarts and Kirsten's body only takes up 62.9 quarts of space.

2. Describe the ways in which the suspects tried to dispose of the cooler. Were they successful? Support
your statement with evidence.

The cooler would have still floated even with the weight of Kirsten K.’s body tnside of it. tn
caleulation #2, the cooler with a mass of 4.872 kg would displace 4,753.€ em® of water Uf it sank 1
om. But with the mass of the body tnstde the cooler and a chain around it, plus the mass of the cooler
leself, it would have only sank 7.5 e which s ot higher thaw the helght of the cooler, which is

53.3 o (as stated in caleulation #2).

National Science Teachers Association
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Describe what effect the bullet hole would have had on the ability of the coolor to sink in the lake.

Adfter the suspects tried to sink the cooler with the body in it and were not successful, they now had
to try to dispose of the cooler sepavately) from the victim's body. The suspects would not have been
suceesstul tryjing to fill the cooler with water as it was in the Lake elther. With the mass of the cooler,
the mass of the chain, and the mass of the water inside the cooler, the total mass of the cooler wouldl
be 175 kg. According to caleulation #7, the cooler would only sink 35.7 e, so it is not completely
submergead because it does not cover the 52.5 e helght of the cooler, so some of the cooler would still
be able to be seen at the top of the lake.

Part II: The Delivery Truck Evidence

1.

According to volume data, will the police be able to retrieve evidence from the delivery truck after raising
the truck from the lake?

The maximum capacity for the volume of the airbag is 65 L, so Uf the volume of the alrbag does not
incrense above the 65 L Limit as the police are extracting the delivery truck from the lake, then the
deployed atrbag will not explode and compromise evidence. According to the caleulation for volume at
a depth of 0 feet (so right at the surface of the lake), the volume of the alrbag was &3.2 L, which is not
above the maximum capacity, so the airbag will stay ntact.

Describe the pressure verses volume graph. Use the words direct or inverse in your description of the rela-
tionship, along with data from the graph, in your answer to describe which gas law this graph represents.

The pressure verses volume graph shows an tndirect relationship, because the two variables in the
graph do the opposite thing. According to the graph, as the pressure at the various depths in the lake
decreases as the delivery truck is vemoved from the Lake, the volume of the atrbag will tnerease. The
volume of the airbag at the bottow of the lake is 27.1 L andl the pressure (s 2.24 atm, but as the
volume increnses to 63.8 L as the truck gets closer to the surface of the lake, the pressure decrenses to
1.01 atm. This shows the relationship in Boyle's Law. The only difference here is that temperature is
not held constant, but the same relationship between pressure and volume is seen as in Boyjle's Law.

Describe the volume verses temperature graph. Use the words direct or inverse in your description of
the relationship along with data from the graph in your answer to describe which gas law this graph
represents.

The voluwmee verses temperature graph shows a divect relationship, because the two variables in the
graph do the same thing. According to the graph, as the temeperature increases as the truck is brought
closer to the surface, the volume of the airbag tncreases as well. The volume of the airbag is 271 L
andl the temperature Ls 5°C, but as the temperature {s bnereased to 22°C near the surface of the lake,
the volume of the airbag increases to 63.8 L. This shows the relationship in Charles” Law. The only
difference is that the pressure is not held constant because the pressure changes as well as the truck
goes from being on the bottom of the lake to the top, closer to the surface.
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4. Using the ideas supporting the kinetic molecular theory, explain why the number of moles of gas in the
deployed airbag would stay the same throughout the volume calculations.

once the airbag deploys, there ave a certain number of moles of gas produced from the reactants
instde the bag. As long as the airbag stays closed and not punctured with holes at all as the delivery
truck s betng extracted from the Lake, the number of woles of gas will stay the same inside the
airbag. According to the kinetic molecular theory, the gas wolecules tnstde the airbag will tncrense
In wmovement as the tewmperature of the wolecules are tncreased as the truck is brought to the surface.
This would also account for why the airbag would change in volume because of the greater number
of collistons of the molecules tnside the atrbag because of the increase in thelr movement from the
tewperature increase.
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The Cooler and Delivery
Truck Evidence
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Page numbers printed in boldface type refer to figures or
tables.

A

Acetaminophen, 7, 40, 41, 43, 46, 52, 57, 61, 113, 114,
115,115,118, 125-126, 128, 129, 132135,
146, 149

Acids and bases, 1, 89, 148

Airbag deployment, 5, 6, 11, 14-16, 22-25, 23, 28,
30-31, 33-34, 36, 37, 145

Almond, 40, 46

Amount of chemical substance, 41-42, 48, 48-49, 53,
58-59, 61

Applications of Learning (Illinois), 9-10, 151-152

Aspartame, 40, 46

Aspirin, 7, 8, 40, 41, 43, 46, 52, 55, 56, 60, 114, 115,
117, 118,125,126, 128, 129, 132, 133-135,
146, 149

Atmospheric pressure, 3, 160, 161, 165

Authentic assessment, 3

B

Beer’'s Law, 1, 65, 66, 69, 147

Beta decay calculations, 5, 68-70, 78, 83, 147

Blood stain analysis, 6, 8, 92, 94, 101-102, 101-102,
106, 108, 110

Bone age analysis, 5, 7, 65, 67, 70, 71, 74-77, 75, 82,
84

Bones, 2

C
Caffeine, 7, 8, 40, 43, 44, 113, 114, 115, 118, 125, 126,
128, 132
extraction of, 6, 8, 114, 117, 118, 125, 126128,
132-135,137-138, 146, 149
Cake shop ingredients evidence, 42, 49, 59, 61
Carbon dating of bone fragments, 5, 7, 65, 67, 70,
74-77,75, 82, 84
Career opportunities in forensics, 2
The Case of Kirsten K. See also Forensics-based
assessment curriculum
chapter organization for, 9
chemical evidence for, 7, 39—64
complete scenario of, 6-9
cooler and delivery truck evidence for, 67, 11-38

INDEX

descriptions of performance-based assessments for,
5-6
development of forensics-based curriculum for, 1-3
drug lab evidence for, 8-9, 113-138
final assessment of, 139—144
flexibility of, 141
nuclear radiation evidence for, 7-8, 65—87
student excitement about, 3, 4
victim and suspect list for, 6
weapon analysis evidence for, 8, 89112
Chemical evidence, 14, 39—64
case information for, 39—42
amount of chemical substance, 4142
cake shop ingredients analysis, 42
delivery truck and crime scene evidence, 4041
possible compound matches, 40, 40
suspect evidence, 41
chemistry concepts chart for, 146
chemistry content of, 39
national science education standards addressed by,
39
overview of, 7
performance-based assessment for, 45-64
amount of chemical substance, 48, 48—49
cake shop ingredients analysis, 49
delivery truck and crime scene evidence, 45,
45-47, 46
description of, 5
grading rubric, 62-64
student lab report example, 51-61
suspect evidence, 47, 47-48
suspect file B, 50
teacher guide for, 4344
lab, 43
objectives, 43
preparation, 43
question guidelines, 4344
teacher hints, 44
Chemistry concepts chart, 9, 145-149
Clinton Lake, 6-7, 8,12, 18, 23
Cocaine, 7, 8, 40, 41, 43, 46, 52, 54, 56, 60, 84, 146
Codeine, 40, 46
Codron, Angela R., vii
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INDEX

174

Cold Case, 2
Concentration, 65
Concept map, 132
Cooler and delivery truck evidence, 11-38
case information for, 11-14
cooler evidence, 11-14
delivery truck evidence, 14
chemistry concepts chart for, 145
chemistry content of, 11
national science education standard addressed by,
11
overview of, 67
performance-based assessment for, 18-38
cooler evidence, 18-21
delivery truck evidence, 22-25, 23
description of, 5
grading rubric, 35-38
student lab report example, 27-34
suspect file A, 26
teacher guide for, 15-17
lab, 16
materials, 17
objectives, 15
preparation, 15-16
question guidelines, 16
Court case scripts, 140-141, 141
CSI, 2
Curare, 40, 46

D
Data interpretation, 11
Dating bone fragments, 5, 7, 65, 67, 70, 71, 74-77, 75,
82, 84
Delivery truck and crime scene evidence, chemical
analysis of, 4041, 45, 45-47, 46, 52, 54-55, 60
Delivery truck evidence and airbag deployment, 14,
22-25,23,28,30-31, 33-34
Density, 5, 6, 11, 13-15, 16, 17, 18-21, 28, 29, 31-32,
35,37,145,160, 161, 162, 164
Design-your-own project method, 139-140
Deslich, Barbara J., 2
Dimensional analysis, 11, 15, 63, 64, 145
Drug lab evidence, 40, 113-138
case information for, 113-116
caffeine extraction, 114
IR spectra analysis, 113-114, 114
thin layer chromatography of pen matching,

115-116
thin layer chromatography of unknown drug, 115
chemistry concepts chart for, 149
chemistry content of, 113
national science education standards addressed by,
113
overview of, 89
performance-based assessment for, 125-138
caffeine extraction, 126-128
description of, 6
grading rubric, 137-138
IR spectra analysis, 125-126
student lab report example, 132-136
suspect file E, 131
thin layer chromatography of pen matching,
129-130
thin layer chromatography of unknown drug,
128-129
teacher guide for, 117-124
IR absorption frequencies chart, 120-121
IR spectra of chemical substances, 122-124
materials, 118
objectives, 117
preparation, 117-118
question guidelines, 118
table of IR absorbances for common organic
functional groups, 119
teacher hints, 118-119
Drug log book, 9

E
Electrochemistry, 1, 89,91, 111, 148
Empirical formula, 7, 39, 40, 43, 44, 47, 48, 55, 58, 59,
61, 125,126, 133, 135, 146, 149
Evolution of final project, 139141
what didn’t work: PowerPoint mania and court case
chaos, 140, 140-141, 141
what worked: design-your-own project method,
139-140

F
Final assessment, 139—-144
evolution of final project, 139-141
what didn’t work: PowerPoint mania and court
case chaos, 140, 140-141, 141
what worked: design-your-own project method,
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139-140
final grading rubric, 142
flexibility of case, 141
Fingerprint analysis, 6, 8, 90, 91, 93, 94, 97-98, 105,
109
Fingerprint evidence chart, 96
Flexibility of case, 141
Forensic science
career opportunities in, 2
obstacles to integrating into chemistry curriculum,
2
student interest in, 1, 2
television programs dealing with, 2
Forensic tags, 10, 12, 13, 66, 67, 67, 70, 157
Forensics-based assessment curriculum. See also The
Case of Kirsten K.
chapter organization of, 9
chemistry concepts chart for, 9, 145-149
complete scenario of, 69
development of, 1-3
final assessment of, 139—144
flexibility of, 141
funding for, 1
grading rubrics for, 9-10, 151152
lab report style guide for, 10, 153-156
laboratories for, 3
performance-based assessments for, 3, 5-6
script for chemistry II forensic case, 95
student project examples for, 143-144
Funkhouser, John, 2

G
Gas laws, 3, 5, 11, 14, 15, 16, 25, 30, 31, 33, 35, 36, 38,
145,160, 163, 165
Global climate change, 3
sample inquiry lab for, 159-171
Glyoxylic acid, 7, 44, 49, 59, 61, 92, 94, 106, 146, 148
Grading rubrics for performance-based assessments
of chemical evidence, 62—-64
of cooler and delivery truck evidence, 35-38
of drug lab evidence, 137-138
final, 142
[llinois State Board of Education Applications of
Learning, 9-10, 151152
of nuclear radiation evidence, 86-87
of weapons analysis evidence, 111-112
Grams to moles calculations, 39, 54—58

INDEX

Greenhouse gases, 3, 161-162, 164-165

Gun and bullet matching, 6, 8, 94, 91, 98-99, 106, 109

Gunshot residue, 6, 8, 91-92, 94, 99-100, 105, 107,
109-110

H
Half-life calculations, 65, 67—70, 76-78, 82, 85, 147

|
Ibuprofen, 40, 46
Illinois Science Teachers Association (ISTA), 1
[llinois State Board of Education (ISBE) Applications
of Learning, 9-10, 151-152
Infrared (IR) spectra analysis, 6, 113-114, 114, 117,
118, 122-126, 132-133, 135, 138
of chemical substances, 122124
IR absorption frequencies chart, 120-121
table of IR absorbances for common organic
functional groups, 119
Inquiry labs, 2, 3
on chemical evidence, 7, 39—64
on cooler and delivery truck evidence, 6-7, 11-38
on drug lab evidence, 8-9, 113-138
lab report style guide, 10, 153-156
on nuclear radiation evidence, 7—8, 65-87
preparing students for, 3—4
sample of, 10, 159-171
student lab report example, 2
for chemical evidence, 51-61
for cooler and delivery truck evidence, 27-34
for drug lab evidence, 132-136
for nuclear radiation evidence, 80—85
for weapon analysis evidence, 104-110
on weapon analysis evidence, 8, 89112

K

Kinetic molecular theory, 11, 15, 16, 25, 34, 38, 145,
160

L

Lab reports. See also Inquiry labs
student examples of, 2
for chemical evidence, 51-61
for cooler and delivery truck evidence, 27-34
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for drug lab evidence, 132-136
for nuclear radiation evidence, 80—85
for weapon analysis evidence, 104110
style guide for, 10, 156-156
Lake Bloomington, 12, 18
Lake Springfield, 12, 18
Limiting reactants, 39, 42, 43, 44, 49, 59, 64, 146

M

Map of central Illinois with lake locations, 12
McCubbins, Sara A., vii, 1

Medical tracer evidence, 8, 68, 78, 8283, 85
Molarity, 65, 89, 107, 147, 148

N
National science education standards, 9, 11, 39, 65, 89,
113
National Science Foundation (NSF), 1
National Science Teachers Association (NSTA), 1
Nitrates in soil samples, 5, 7, 66, 69, 72, 72-73, 81, 82,
83-84
Nitroglycerine, 7, 40, 43, 46, 52, 57, 61, 146
Nuclear equations, 65, 147
Nuclear radiation evidence, 12, 65-87
case information for, 65—68
bone age analysis, 67
crime scene soil sample evidence, 66
medical tracer evidence, 68
shoe print evidence, 6667, 67
chemistry concepts chart for, 147
chemistry content of, 65
national science education standards addressed by,
65
overview of, 7—8
performance-based assessment for, 72-87
bone age evidence, 74-77, 75
crime scene soil sample evidence, 72, 72-73
description of, 5
grading rubric, 86-87
medical tracer evidence, 78
shoe print evidence, 73-74
student lab report example, 80-85
suspect file C, 79
teacher guide for, 6971
materials, 70
objectives, 69
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