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Name:__________________________________Class:_________________Date:___________ 


 


The Case of Kirsten K.: 


The Cooler and Delivery Truck Evidence 
All Reports are to be filed using the correct format, following the Lab Report Style Guide 


 


Part I: The Cooler Evidence 


 
Case Background 


 


On September 4
th


, 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
th


. He remembers it for two reasons:  


 


1. It had what looked like a bullet hole in it, and he remembers thinking “that 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 currently en route to the CSI (Crime Scene 


Investigation) 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 one of the following 


lakes: Lake Bloomington, Clinton 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 Lakes 


 


Lake Bloomington—located just north of Bloomington, 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.  Therefore, the water in Lake 


Bloomington is, on average, warmer than in the other lakes.  This means that less gas is 


dissolved in the water, making it slightly less dense than the average density of water. 


 


Clinton Lake—located approximately 30 miles south of Bloomington, Illinois, this lake has a 


surface area of 4900 acres and an average density of 1.05 g/mL.  The larger size of this lake 


means that the water temperature 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. 
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Lake Springfield—located approximately 50 miles south of Bloomington, Illinois, this lake has a 


surface area of 4234 acres and an average density of 1.01 g/mL.  The lake is of average size and 


of average temperature. 


 


Purpose  
 


Your investigation should help police to determine 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 looking 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 (ex. bullet holes, chains, filling with water) would the suspect(s) have 


been successful or unsuccessful in sinking the cooler?  Address all scenarios in your hypothesis. 


 
 


 


 


 


 


Procedure  
 


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


 


 


 


 


 


 


 


 


 


 


 


 


 


Materials 


 


 Various liquids of varying densities 


 Recycled sample 


 Small dishes 


 Spoons 
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Data 
 


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


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Analysis-Calculations 


 


 


 


 


 


 


 


 


 


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 quarts. Kirsten K.’s body had a volume of approximately 59.5 L (0.95 L = 1 


quart). 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 centimeter, calculate the volume of water it displaces. 


 


 


 


 


There are three key questions that 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? 
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3. The density of lake water where you determined police should start their investigation is 


_______ g/cm
3
. Calculate the mass in kilograms of the lake water displaced by the volume you 


calculated in question #2. (1000grams = 1 kilogram) 


 


 


 


 


 


 


4. Kirsten K.’s body weighed 128 pounds. 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 calculation from question #3, how many centimeters will the cooler 


with the body wrapped in chains sink? Will the cooler be completely submerged below 


the surface of the water? (1 kg = 2.21 lbs) 


 


 


 


 


 


 


5. 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
3
) 


 


 


 


 


 


 


 


6. Calculate the mass of lake/creek water that would completely fill the cooler. Remember 


to use the density of lake/creek water you found in the Cooler Evidence. 


 


 


 


 


 


 


7. Calculate the total mass of the cooler, chain, and lake/creek water. How many 


centimeters will the cooler sink? Will it be completely submerged if it is full of 


lake/creek water?  
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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. 


 


  


 


 


 


 


 


 


 


 


 


 


 


 


 


Discussion 


  


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


support your answer. 


 


 


 


 


 


 


2. Describe the ways in which the suspects tried to dispose of the cooler.  Were they 


successful?  Support your statement with evidence. 


 


 


 


 


 


 


3. Describe what affect the bullet hole would have had on the ability of the color to sink in 


the lake. 


 


 
 


 


 


 


 


Part I—The Cooler Evidence: adapted from "Murder She Floats," by Robert Mentzner, ChemMatters, Dec. 


2002, pp 17-19. Copyright 2002 American Chemical Society 
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Part II: The Delivery Truck Evidence 


 
Background Information About Airbags 


 


A sensor in front of the car detects the sudden deceleration and sends a signal to a cylinder 


containing a mixture of chemicals. In the cylinder, an igniter goes off, starting 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 


Liters.  The gas fills the airbag, and you hit 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 you 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. 


2NaN3
 
→ 2Na + 3N2


 
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 + 2KNO3→ K2O + 5Na2O + N2
 


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 reaction products to fuse together with SiO2, 


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 


missing person’s report they received for Kirsten K.  Police have found an abandoned delivery 


truck at the bottom of the lake, which may hold evidence that could lead to finding the person(s) 


responsible for the kidnapping of Kirsten K.  The airbag has been deployed, but there was a 


malfunction and the airbag remained deployed 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 delivery 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 the 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 
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Clinton Lake.  Consider the Pressure (P), Temperature (T), and Volume (V) relationships as well 


when giving your prediction. 


 


 


 


 


 


Data 


Below is the lake data from the police including the depths, temperatures, and pressures to help 


you determine the volume of the airbag at various depths. 


 


Table 1: Clinton Lake Police Measurements 


Depth (feet) Temperature (
o
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  


 


 


Analysis—Graphing 


 


Before you arrived at the scene, police started to collect data about the temperature, pressure, and 


volume to try to gain more information about the abandoned vehicle.  


 


Graph #1: Pressure vs. Volume 


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


variables. 
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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 engineer responsible for investigating the 


abandoned vehicle found with a deployed air bag. For police to gain insight into case, they need 


you to calculate if the delivery truck can be safely removed from the lake without the airbag 


expanding too much, bursting, and destroying evidence. 


 
1. Calculate the number of moles of gas in the airbag at maximum volume, 65 liters, at 


room temperature, 25
o
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 greater enough to make it explode. 


Depth (ft) Volume Calculations using 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 retrieving 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 


description 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 molecular theory, explain why the number of 


moles of gas in the deployed airbag would stay the same throughout the volume 


calculations. 
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Name:__________________________________Class:_________________Date:___________ 


 


The Case of Kirsten K.: 


The Chemical Evidence 
All Reports are to be filed using the correct format, following the Lab Report Style Guide 


 


Part I: The Delivery Truck and Crime Scene Evidence 


 
Case Background 


 


Based on the evidence from the cooler sample, police have started looking for the victim at the 


lake you had specified.  Police have scanned the area indicated, and you have been called to do 


further tests on samples found from what police believe to be the crime scene (even though the 


victim’s body has not been found yet) to present new information about the victim and suspects.  


After analyzing the crime scene samples, you have found what could be important chemical 


evidence that may link the suspects to the crime scene.  There were five distinct residues that 


were found and the percentage of each element found in them is listed below in Table 1. 


  


Table 1: Percentage of each Element found from the Chemical Evidence 


Abandoned Delivery Truck C H N O 


     Chemical A 63.15 % 5.30% --- 31.55% 


Crime Scene C H N O 


     Chemical B 63.15 % 5.30% --- 31.55% 


     Chemical C 67.31% 6.98% 4.62% 21.10% 


     Chemical D 60.00% 4.48% --- 35.53% 


     Chemical E 49.48% 5.15% 28.87% 16.5% 


 


 


Purpose  
 


Your investigation should help police to determine if the chemical analysis matches any of 


the suspects to the crime scene and how they may or may not be linked. 


 


Procedure  
 


Use the information provided to complete the following steps: 


 


1. From the percentages listed in Table 1, find the formula for each of the 


Chemicals A-E. 


2. Using Table 2 below and the percent compositions given in Table 1, determine 


the chemicals found on the victim.   


3. If no match can be found, mark the chemical as unknown. 
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Data 


 


Table 2: Possible Compounds Matches* 


Compounds 
Chemical 


Formula 
Everyday Uses 


Acetaminophen C8H9NO2 Painkiller (Tylenol) 


Almond C7H6O Flavoring 


Aspartame C14H18N2O5 Artificial sweetener 


Aspirin C9H8O4 Pain killer 


Cocaine C17H21NO4 Narcotic, illegal 


Codeine C18H21NO3 Painkiller, prescription controlled 


Curare C40H44N4O Poison 


Ibuprofen C13H18O2 Pain killer 


Nitroglycerine C3H5N3O9 Explosive, heart medication 


Trinitrotoluene C7H5N3O6 Explosive (TNT-dynamite) 


Vanilla C8H8O3 Flavoring 


 


 


Analysis-Calculations 


 


1. Show calculations for finding the chemical formula for each compound: 


 


 


Chemical A:_______________________ 


 


 


 


 


Chemical B:_______________________  


 


 


 


 


Chemical C:________________________ 


 


 


 


 


Chemical D:_______________________  


 


 


 


 


Chemical E:________________________ 
*Data table 2 adapted with permission from the Journal of Chemical Education, April 2003, 80(4), 407-408 
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2. Calculate the empirical formula for any unknown substances: 


 


 


 


 


 


 


 


 


 


Conclusion 


 


List each of the chemicals and explain why you might expect to find each of these chemicals at 


the crime scene.  This information should be based on the location of the crime scene given to 


police based on the evidence collected in the previous assessment. 


 


 


 


 


 


 


 


Part II: The Suspect Evidence 


 
Background Information  


 


Subsequent chemical analysis of clothing, blood, and skin samples from the four suspects and a 


piece of clothing believed to have belonged to the victim revealed the following information 


provided in Table 3. 


 


Data 


 


Table 3: Percentage of each Element found in the Chemical Evidence from Each Suspect 


 C H N O 


Victim 63.15 % 5.30% --- 31.55% 


Suspect #1 60.00% 4.48% --- 35.53% 


Suspect #2 67.31% 6.98% 4.62% 21.10% 


Suspect #3 32.43% 2.70% --- 64.87% 


 63.56% 6.00% 9.27% 21.17% 


Suspect #4 15.87% 2.22% 18.15% 63.41% 


 49.48% 5.15% 28.87% 16.5% 
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Analysis 


 


1. Show calculations for each of the chemicals found for each of the suspects below: 


Victim        _____________________ 


 


 


 


 


Suspect #1 _____________________ 


 


 


 


 


Suspect #2 _____________________  


 


 


 


 


Suspect #3 _____________________ _________________________ 


 


 


 


 


Suspect #4 _____________________ _________________________ 


 


 


 


 


 


2. Calculate the empirical formula for any unknown substances: 


 


 


 


 


 


 


Conclusion 


 


Determine if there is a connection between the chemicals found on the suspects in Part II and the 


information gained from the chemical analysis in Part I. 
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Part III: The Amount of Chemical Substance 


 
Background Information  


 


Before the chemicals can be analyzed any further, the amount of each chemical found at the 


crime scene and from the suspects needs to be converted to the number of moles of each 


substance.  You should be able to calculate the moles of each substance based on the following 


information in Table 4.  


 


Data 


 


After calculating the number of moles of each substance, fill in the data table with the correct 


amount. 


 


Table 4: Amount of Chemical Substance from Crime Scenes and Suspects 


Abandoned Delivery Truck Amount Found Moles 


Chemical A 0.250 mg  


   


Crime Scene Amount Found Moles 


Chemical B 0.004 kg  


Chemical C 1.35 mg  


Chemical D 0.02 g  


Chemical E 0.8 g  


   


Victim and Suspects Amount Found Moles 


Victim 0.03 g  


Suspect #1 0.09 g  


Suspect #2 2.5 mg  


Suspect #3 0.06 g   


 1.2 mg  


Suspect #4 0.05 g  


 0.001 kg  


 


 


Conclusion 


 


Which amounts were you unable to calculate and why?  What does having an unknown mean for 


the investigation? 
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Part IV: The Cake Shop Ingredients Analysis 


 
Background Information  


 


After analyzing the chemicals further, it has been determined that some of the chemicals found at 


the crime scene (where the victim was believed to have been at one point) and on suspect #3 


could have derived from the cake shop where both were employed.  Further investigation shows 


that the day before the murder, the victim and suspect #3 were fully booked with requests for 


wedding cakes.   


 


Data 


 


The cake shop, in order to keep their recipes secret, synthesizes their own vanilla flavoring for 


their cakes based on the following reaction: 


 


C7H8O2 +     C2H2O3  C8H8O3 + H2O 


(guaiacol) (glyoxylic acid) (vanilla)   


                


To verify the reaction done in the cake shop, the CSI chemical lab has simulated the experiment.  


They used 4.2 grams of guaiacol and 6.8 grams of glyoxylic acid.   


 


Analysis 


 


Using the information given, do the following calculations: 


 


1. Show the balanced equation below. 


 


 


 


 


2. Determine the limiting reactant. 


 


 


 


 


3. Determine the theoretical yield of vanilla. 


 


 


 


 


4. A 4.85 gram sample of vanilla was produced from the reaction in the CSI chemical lab.  


Based on this information, calculate the % yield by comparing the experimental amount 


to the theoretical amount.   
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5. Does the chemical % composition of the excess reagent match any of the unknowns from 


part one or part two?  If so, identify the unknown(s). 


 


 


 


 


Conclusion 


 


Determine the connection, if any, between the unknowns and the crime scene.  What else can 


you conclude about the case from the evidence presented through the calculations and from the 


new suspect information? 
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Name:__________________________________Class:_________________Date:___________ 


 


The Case of Kirsten K.: 


Nuclear Radiation 
All Reports are to be filed using the correct format, following the Lab Report Style Guide 


 


Part I: Crime Scene Soil Sample Evidence 


 
Case Background 


 


Finally, with your help, police were able to find the body of the victim, Kirsten K., and now 


consider this a murder investigation.  When the police found the body, the victim was missing 


her left ring finger.  Police have gathered evidence from the crime scene, including: shoe prints, 


soil samples, and bones fragments found near the crime scene.  A medical tracer was also found 


in the victim’s body which should help put a timeline and a cause of death to the disappearance 


and the murder of Kirsten K.  Shoes were collected from each of the suspects’ homes along with 


the shoes from the victim’s body and taken to the lab to be analyzed for a specific nitrate found 


in the soil around the crime scene.  Police are hoping that this evidence will narrow the suspect 


list down to those suspects who specifically had this soil nitrate compound in the soil sample on 


their shoes. 


 


Purpose  
 


To use the nitrates calibration curve to see which nitrate samples from the suspects match the 


crime scene sample. 


 


Procedure  
 


1. Test the nitrate soil samples taken from each suspect’s shoe and from the crime scene. 


2. Set the spec-20 to the wavelength of maximum absorbance = 400nm.  


3. Record results of absorbance from the Spec-20 for each of the 4 samples from each of the 


4 suspects in a data table in the data section. 


 


Materials 


 


 Spec-20 and supplies 


 Nitrate samples from suspects #1-4 and victim 


 Calibration curve 


 


Data 
 


Table #1:  Concentration of Crime Scene Sample 


  Location of Sample Concentration (M) 


Crime Scene 0.015M 
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Create a data table below to record the absorbance from each of the suspect samples in the data 


table format. 


 


 


 


 


 


 


Analysis-Calculations 


  


Police need the concentration for each of the 4 suspect samples to prove the match since the 


crime scene soil nitrate sample is given as a concentration in the data section. 


  


Use the graph given below and/or the equation for the slope of the line to extrapolate and/or calculate 


the concentration for each of the suspect samples. 


 


 
 


 


Calculations (if the equation for the slope of the line was used to find concentration, show 


calculations below) 


 


 


 


 


Conclusion 


 


Which of the suspects were present at the crime scene? How did the Spec-20 absorbance data 


help determine the suspects who were or were not present?  Who are the lead suspects at this 


time and why? 


 


  


 


Nitrate Soil Samples Calibration Curve


y = 55.76x - 0.0448
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Part II: The Shoeprint Evidence 


 
Background Information  


 


Shoeprints are found at the scene of a crime. The design of the shoe can often allow police to 


link a particular shoeprint with a given shoe type.  While the shoe and owner cannot directly be 


linked in this manner, determining which suspects have similar shoes to the prints found at the 


crime scene may provide further evidence linking the suspects to the victim. 


 


Purpose 


 


To record evidence for the shoeprints made by each of the suspects’ shoes and the victim’s shoes 


to see if they match the prints found at the crime scene. Crime scene prints are in the sealed 


envelope marked with an evidence tag.  ONLY view the evidence prints after making 


impressions of each of the suspect’s shoes. 


 


Procedure 


 


Record the procedure in a numbered list of steps for recording the shoe print evidence. 


 


 


Materials 


 


List the materials used to complete the procedure. 


 


 


Data 


 


1. Create a data table to compare any quantitative and/or qualitative data from the shoe 


prints of the suspects and victim to those found at the crime scene. 


 


 


 


 


2. Check the evidence file for shoe prints that were found at the crime scene and record your 


findings in the data table above OR create a new table to identify any matches. 


 


 


 


 


Conclusion 


 


What connections can be made, if any, between the crime scene shoe prints and the shoe prints 


from the suspects and victim?  Does this help to narrow the suspect list, if so how?  If not, why 


not? 
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Part III: The Bone Age Evidence 


 
Background Information  


 


Since discovering that the victim was missing her left ring finger, police have decided to scan the 


area, specifically the lake to find it.  Police have found four total pieces of bone that they believe 


could be the finger of the victim.  The police need to find out which piece of bone, if any, could 


belong to the victim for further testing.  


 


Purpose 


 


To determine which bone fragment(s) could have possible belonged to the victim by using 


radioactive isotope dating. 


 


Data 


 


Table #1:  Bone Fragment #1 


Isotopes Present Amount (moles) 


Calcium-40 0.561 


Iron-56 0.003 


Carbon-14 5.669 


Rhodium-103 9.321 


Nitrogen-14 6.003 


Scandium-45 1.056 


 


 


Table #2:  Bone Fragment #2 


Isotopes Present Amount (moles) 


Uranium-235 9.632 


Nitrogen-14 3.000 


Carbon-14 1.575 


Lead-206 2.595 


Rubidium-87 7.667 


Scandium-45 8.531 


 


 


Table #3:  Bone Fragment #3 


Isotopes Present Amount (moles) 


Lead-208 3.250 


Nitrogen-14 0.000 


Argon-40 0.001 


Scandium-45 1.376 


Uranium-235 11.125 


Carbon-14 0.008 


 







5 


 


Table #4:  Bone Fragment #4 


Isotopes Present Amount (moles) 


Carbon-14 5.320 


Iron-56 1.500 


Potassium-40 2.678 


Thorium-232 9.381 


Lead-206 1.333 


Nitrogen-14 2.054 


 


 


Analysis—Graphing  


 


Identify the % of parent and % of daughter isotopes for each sample on the half-life curve 


provided: 
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Analysis—Calculations 


 


Show calculations for each of the bone fragments to prove the age and whether or not it belongs 


to the victim: 


 


Bone Fragment #1 


 


 


 


Bone Fragment #2 


 


 


 


Bone Fragment #3 


 


 


 


Bone Fragment #4 


 


 


 


Conclusion 


 


Which of the bone fragments, if any, belongs to the victim?  How can the others be ruled out?  Is 


this test conclusive, why or why not?   


 


 


 


Parent 


Isotopes 


Daughter 


Isotopes 


Half-life of 


Parent 


(years) 


Effective 


Dating Range 


(years) 


Minerals and other materials 


that can be dated 


Uranium-238 


Uranium-235 


Thorium-232 


Lead-206 


Lead-207 


Lead-208 


4.5 billion 


710 million 


14 billion 


10million-4.5 


billion 


Zircon, Uraninite, and 


pitchlende 


Potassium-40 Argon-40 


Calcium-40 


1.3 billion 100,000-4.6 


billion 


Muscovite, Biotite, Hornblende, 


whole volcanic rock 


Rubidium-87 Strontium-87 47 billion 10-million-


4.6billion 


Muscovite, Biotite, Potassium-


feldspar, whole metamorphic or 


igneous rock 


Carbon-14 Nitrogen-14 5,730  100-50,000 Wood, charcoal, peat, grain, 


and other plant material; bone, 


tissue, and other animal 


material; cloth, shell, 


groundwater, ocean water, and 


glacier ice 
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Part IV: The Medical Tracer Evidence 


 
Background Information  


 


After further testing was done on the finger of the victim, it was found that the victim had the 


medical tracer, I-131, in her system.  The medical tracer iodine-131 is known to have a half-life 


of 8.04 days and goes through beta decay.  When the bone marrow from the victim’s finger was 


tested, it was found to have the isotope 131


56 Ba. 


 


Purpose 


 


To determine the time frame in which the murder took place by figuring out how long ago the 


body was exposed to the medical tracer. 


 


Analysis—Calculations 


 


A. Show all work for the reverse decay pattern for the 131


56 Ba. 


 


 


 


 


 


 


B. Using the time frame determined from the medical tracer data, calculate the amount 


of medical tracer (I-131) that was given to the victim prior to her death if 4.35g was 


calculated to remain in the body when it was found by police.  The lethal dose of 


medical tracer is 30.0g. 


 


 


 


 


 


 


Conclusion 


 


What is the time frame of the murder, starting from the victim’s reported disappearance up to the 


murder? 


 


 


 


 


Who are the lead suspects at this point?  Don’t forget to look at the suspect files.  Can you 


determine any motives of any of the prime suspects at this point? 
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Name:__________________________________Class:_________________Date:___________ 


 


The Case of Kirsten K.: 


Weapon Analysis 
All Reports are to be filed using the correct format, following the Lab Report Style Guide 


 


Part I: The Fingerprint Analysis 


 
Case Background 


 


Larry J. has been found murdered with several bullet wounds to the chest.  Two guns were found 


at the crime scene: one next to the victim with the handle wrapped in aluminum foil, and the 


other, with a unique copper handle, at the bottom of a garbage can outside the cellar door to 


Gladys V.’s lake house.  The police need your help to collect and analyze the fingerprints found 


on the aluminum foil and copper handle to determine if the prints match any of the suspects 


and/or victim.  Samples from each gun handle are ready for analysis. 


 


Background Information on Fingerprint Classification 


 


Latent prints cannot be seen by the naked eye and often have to be dusted in order to see the 


patterns more clearly.  Every person has a unique set of fingerprints, but three basic patterns 


allow forensic scientists to classify them. The three basic patterns are the whorl, the arch, and the 


loop. Whorl patterns have lots of circles that do not leave either side of the print. Arch patterns 


have lines that start on one side of the print, rise toward the center, and leave on the other side of 


the print. Loop patterns have lines that start on one side of the print, rise toward the center, turn 


back, and leave on the same side from which they started. Fingerprints are permanent; they form 


during fetal development and start in the basal layer of the skin. Fingerprints always grow in the 


same place and any damage to the basal layer becomes permanent.  
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Procedure  
 


Aluminum Foil Handle Fingerprints  


1. Examine the print first on the aluminum sample before dusting to identify whose print it 


most closely matches based on the prints in the evidence envelope. 


2. Dust the Fingerprints with the powder and brushes provided.  Be careful not to destroy 


the print when dusting with the brush. 


3. After dusting the print with the brush, preserve the print by placing the clear tape over the 


dusted print on the aluminum foil. 


4. Try to match the print to the suspect/victim prints in the evidence envelope. 


 


Copper Handle Fingerprints  


1. Examine the print first on the copper sample before dusting to identify whose print it 


most closely matches based on the prints in the evidence envelope. 


2. Dust the fingerprints with the powder and brushes provided.  Be careful not to destroy the 


print when dusting with the brush.   


3. After dusting the print with the brush, preserve the print by placing the clear tape over the 


dusted print, then lifting the tape and the print off of the copper metal sample.   


4. Stick the tape with the print on it onto a piece of white paper to preserve the print. 


5. Try to match the print to the suspect/victim prints in the evidence envelope. 


 


Materials 


 


 Dusting powder and brushes 


 Fingerprint samples 


 Clear tape 


 White paper 


 


Data 
 


Construct a table to identify which types of fingerprints are on each of the gun handles and to 


whom the prints belong from the suspect list. 


 


 


Conclusion 


 


1. Who are the possible matches to the aluminum foil fingerprints? 


 


 


2. Who are the possible matches to the copper handle fingerprints? 


 


 


3. Are there any suspects that can be ruled out at this point for the murders of Kirsten K. 


and her husband, Larry J.?  Explain. 
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Part II: Gun and Bullet Matching 


 
Background Information  


 


Police have run the set of unknown fingerprints found on the gun handles through AFIS 


(Automatic Fingerprint Identification System) to try to match them to anyone in the system with 


a previous criminal record.  After running these prints, a match for the unknown fingerprints has 


been found.  Pick up a suspect list to find out more information about all the suspects, including 


the new suspect #5. 


 


Bullets from each of the guns (aluminum and copper) were found at the scene of the crime as 


well.  During the autopsy, remnants of silver bullets were found in the victim’s chest.  After a 


sweep of the crime scene, both silver and zinc bullets were found in the basement.  The police 


need your help to match the bullets to the appropriate gun so they can start to piece together what 


happened the day of the murder.   


 


The electric potential for each gun and bullet combination has to be within a certain range for the 


bullet to be compatible with the gun type.  To match each gun metal and bullet metal type in the 


correct combination, they must have an electric potential difference between 0 and +1.0 V.  In 


each case, the gun metal will be oxidized and the bullet metal will be reduced. 


 


Analysis—Calculations 


 


Show all calculations below to prove which of the metal bullets belongs to each gun. 


 


 


 


 


 


 


 


 


Write the overall redox reaction and the standard cell notation for each of the gun/bullet 


combinations. 


 


 


 


Conclusion 


 


1. Which bullet type was matched to which gun and what evidence proves this? 


 


 


2. Based on the evidence so far, which gun do you believe belonged to which suspect and 


which do you believe belonged to the victim, Larry J.? 
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Part III: Gunshot Residue 


 
Background Information  


 


All suspects have been brought in for a final questioning, during which time they were swabbed 


for gunshot residue on their hands.  The gunshot residue swab has been placed in a solution of 


HCl.  Police need your help in analyzing the suspects and the victim, Larry J., to see if the 


solutions show any signs of gunshot residue.  A positive match for gunshot residue will show an 


acid concentration of 0.15M or higher. 


 


Procedure 


 


1. Put 10mL of each of the solutions for each titration into a 250 mL Erlenmeyer flask. 


2. Dilute the 10mL of the solutions with 35mL of distilled water, yielding a total solution of 


45 mL to be titrated. 


3. Add 2-3 drops of the phenolphthalein indicator to the flask. 


4. Fill the buret with the NaOH (base) solution provided. 


5. Record the initial and final volumes of the base in the buret to determine how much of 


the 0.1M NaOH solution it took to titrate each sample. 


6. Perform and record at least one trial for each of the solutions. 


 


Data 


 


Create a data table similar to the one provided below to record the initial amount of used, initial 


reading of the buret, and final reading of the buret for each of the suspects and the victim, Larry. 


 


 Harold Gladys Elizabeth Larry Gerald 


Amount of 


Acid from 


suspect 


sample 


     


Initial Buret 


Reading 


     


Final Buret 


Reading 


     


Volume of 


NaOH used 
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Analysis—Calculations 


 


Use the space below to show calculations for the acid concentration in each of the gunshot 


residue swabs from the solutions for each of the suspects and the victim.   


 


Write the balanced neutralization reaction for the acidic solution with the basic solution. 


 


 


 


1. Suspect #1: Harold M. 


 


 


 


 


2. Suspect #2: Gladys V. 


 


 


 


 


3. Suspect #3: Elizabeth G. 


 


 


 


 


4. Suspect #4: New Victim: Larry J. 


 


 


 


 


5. Suspect #5: Gerald V. 


 


 


 


 


 


Conclusion 


 


1. Who had positive matches for the gunshot residue?  Who had negative matches for 


gunshot residue? Explain your results. 


 


 


 


2. How does this evidence help to narrow down the suspects? What are possible scenarios at 


this point for what happened in the basement of Gladys V.’s lake house? 
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Part IV: Blood Stain Analysis 


 
Background Information  


 


Clothes from each of the suspects and victim have been taken to determine if the stains found on 


the clothes are blood stains.  Your job is to determine which clothing items contain blood and 


identify the stains that are not blood. 


 


Data—Part A 


 


Each of the blood stains must fall within a pH range of 6.5-8.0 to be considered actual human 


blood.  For each of the following pieces of data, calculate the pH from the information given.  If 


the stain believed to be blood is too small, only the [OH-] concentration could be obtained.  If the 


sample believed to be blood is large enough, the [H3O
+
] concentration could be obtained. 


 


Table 1: pH Range Calculations to Determine Blood Stains 


Suspect 


Information 


[H3O
+
] 


(concentrations 


listed for # of 


stains found) 


[OH
-
] pH Blood Stain: 


Yes  or   No? 


Victim:  


Kirsten K. 


1) 1.00 x 10
-7


M --------------   


Suspect #1: 


Harold M. 


 


---------------- 


1) 3.16 x 10
-4


M   


Suspect #2: 


Gladys V.  


 


---------------- 


1) 3.16 x 10
-7


M   


Suspect #3: 


Elizabeth G. 


---------------- 1) 1.00 x 10
-10


M   


Suspect #4: 


New Victim: 


Larry J. 


1) 3.16 x 10
-7


M 


2) 3.16 x 10
-8


M 


--------------   


Suspect #5: 


Gerald V. 


 


----------------- 


1) 3.16 x 10
-7


 M 


2) 1.00 x 10
-7


 M 


3) 3.16 x 10
-8


 M 


  


 


Analysis—Calculations Part A 


 


Show the work below for the calculations to fill in Table 1 above. 
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Data—Part B 


 


Further tests have been done on the stains that were proven to fall into the pH range matching the 


pH of blood from 6.5-8.0.  More than one stain may have been found on more than one piece of 


clothing.  Tests were done to see if the pH values that were calculated in Table 1 match any of 


the blood types from each of the suspects who were found to have blood on them. 


 


Table 2: Blood Types and pH’s 


Blood Type pH level 


A 8.0 


B 7.0 


AB 7.5 


O 6.5 


 


 


Table 3: Blood Types of Suspects and Victims 


Suspect 


Information 


Blood Type 


Victim:  


Kirsten K. 


B 


Suspect #2: 


Gladys V.  


A 


Suspect #4: 


New Victim: 


Larry J. 


O 


Suspect #5: 


Gerald V. 


AB 


 


 


Table 4: Blood pH Matching 


Suspect 


Information 


[H3O
+
] of 


blood Sample 


1 


[H3O
+
] of 


blood Sample 


2 


[H3O
+
] of 


blood Sample 


3 


Suspect/Victim 


Matches 


Kirsten K. 


 


1.00 x 10
-7


 M ------------------ ------------------  


Larry J. 3.16 x 10
-7


 M 


 


3.16 x 10
-8


 M 


 


------------------  


Gerald V. 3.16 x 10
-7


 M 


 


1.00 x 10
-7


 M 


 


3.16 x 10
-8


 M 


 


 


Gladys V. 3.16 x 10
-8


 M 


 


------------------ ------------------  
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Analysis—Calculations Part B 


 


Calculate the pH of each of the samples from Table 4 to see which ones match the blood types 


provided in Table 2 and Table 3. 


 


 


 


 


 


Conclusion 


 


1. Which of the suspects and/or victims had stains that fell into the pH range of blood? 


(from Table 1) 


 


 


 


 


 


 


2. Why may have Harold shown a basic stain and Elizabeth have shown an acidic stain?  


You may have to look back at previous assessments and/or suspect files. 


 


 


 


 


 


 


3. After further calculations for those suspects with blood stains, which of the 


suspects/victims did those stains prove to be a match to? (from Table 4) 


 


 


 


 


 


 


4. What are possible scenarios to link both of the murders of Kirsten K. and Larry J. 


together?  Is there more than one suspect who could be responsible for the murder?  Does 


the evidence lead one way or another? 
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Name:__________________________________Class:_________________Date:___________ 


 


The Case of Kirsten K.: 


The Drug Lab Evidence 
All Reports are to be filed using the correct format, following the Lab Report Style Guide 


 


Part I: IR-Spectra Analysis 


 
Case Background 


 


After further investigation, police have uncovered what they think to be a drug lab in the 


basement of the lake house where the murder of Larry J. took place.  Reports indicate that Gerald 


V. was frequently seen entering the cellar door that leads to the drug lab.  Police uncovered the 


following: 


 


 3 “substances” in baby food jars labeled aspirin, caffeine, and acetaminophen 


 A large Rubbermaid tub filled with 2240g coffee grounds 


 Multiple bottles of what appears to be some sort of unknown drug 


 


The police suspect the aspirin, caffeine, and acetaminophen were being used to create this 


unknown drug, and that someone was extracting the caffeine from coffee.  Additionally, the 


police found a small spiral-bound notebook with a list of names, dates, and transactions.  The 


police have determined that this list consists of people who bought the drugs made in this lab.  


One of the names on the list was Larry J..  Finally, Gerald’s fingerprints were found on the baby 


food jars and on the bottles of unknown drugs. 


 


The CSI unit of the local Police Department is requesting your help in order to solve this 


crime once and for all.  It is up to you to assemble these final pieces of evidence, determine who 


should be charged with the murders of Kirsten K. and her husband, Larry J., and also present if 


there are any additional charges the killer(s) could be facing.  Good Luck! (Be sure to tie up any 


loose ends still remaining from other parts of the investigation). 


 


In order to acquire detailed chemical information about the substances found in the baby jars, 


police investigators took the samples to the forensics lab, where they ran some IR spectra 


analysis.  Unfortunately, the officer carrying the file of the spectra dropped the folder, and the IR 


spectra got mixed up.  You need to determine which IR spectrum belongs to each of the three 


substances in the baby food jars. 
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Materials 


 


 IR Spectra of three substances (acetaminophen, aspirin, caffeine) 


 


Data 
 


1. Research has been completed about the three substances (aspirin, caffeine, and 


acetaminophen).  What are their empirical formulas?   


 


 Molecular formula Empirical formula 


   


Aspirin:   C9H8O4 __________________ 


   


Caffeine:  C8H10N4O2 __________________ 


   


Acetaminophen: C8H9NO2 __________________ 


 


 


 


 


2. Clearly circle and identify all organic functional groups present in each of the molecules. 


 


 


 


 


 


 


 


 


 


Aspirin         Caffeine            Acetaminophen 


 


 


3. Use the research you have collected to determine which IR spectrum from the evidence 


envelopes belongs to each of the substances.  Create a data table below that shows which 


peaks for each spectra correspond to which functional groups and wavelengths. 
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Part II: Caffeine Extraction 


 
Background Information  


 


Police want to know if caffeine can actually be extracted from the coffee grounds, and if so, how 


much total caffeine could be extracted from all of the coffee grounds found in the Rubbermaid 


container in the basement of the lake house.   


 


Purpose 


 


To determine if caffeine can be extracted from coffee grounds 


 


Procedure 


 


1. To a clean 500mL Erlenmeyer flask, add 100mL of coffee extract.  This extract is the 


solution that was prepared in advance by the instructor. 


2. Add approximately 2 grams of sodium carbonate to the coffee solution.  This will react 


with some of the substances in the coffee extract and make them extremely water soluble.  


Swirl the mixture until all the sodium carbonate dissolves. 


3. Add 25mL of ethyl acetate and vigorously swirl the mixture for 10 minutes.  Do not 


shake the mixture. 


4. Allow the mixture to stand and separate into 2 layers, a dark aqueous bottom layer and a 


clear ethyl acetate top layer. 


5. Carefully pour off as much of the clear layer as possible into a beaker, being careful not 


to remove the bottom layer.  This process is called decanting. 


6. Place a 12.5cm fluted filter paper in a long stem glass funnel.  Put the funnel in a small 


iron ring and suspend it over a 250mL Erlenmeyer flask. 


7. Using a squeeze bottle of water, thoroughly wet the filter paper. 


8. Slowly and carefully pour the ethyl acetate/water mixture into the fluted filter paper.  The 


excess water will drain through and the ethyl acetate solution of caffeine will remain on 


the filter paper. 


9. Using a pipet, transfer the ethyl acetate solution to a 50mL Erlenmeyer flask.  To this 


solution, add a scoop of anhydrous sodium sulfate in order to remove the last traces of 


water. 


10. While the solution is drying, weigh a 50mL beaker to the nearest 0.01g. Record this in 


the data table.  Tare the scale. 


11. Using a pipet, transfer the dried solution to the 50mL beaker. 


12. Evaporate most of the ethyl acetate in the hood on a warm hot plate.  When only a faction 


of a milliliter of liquid is left, remove the beaker from the hot plate.  Allow the beaker to 


stand in the hood for a minute or two.  The heat remaining in the glass will cause the last 


amount of ethyl acetate to evaporate and produce a solid residue of crude caffeine. 


13. In order to determine your recovery of caffeine, reweigh the cool beaker and record this 


mass in the data table. 
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Materials 


 


 Coffee solution 


 500mL Erlenmeyer flask 


 250mL beaker 


 Filter paper 


 Iron ring 


 Solid sodium bicarbonate 


 Balance 


 Pipet 


 Hotplate 


 Methylene chloride/ethyl acetate 


 Funnel 


 Anhydrous sodium sulfate 


 50mL beaker 


 


Data 


***Instructor Notes: Coffee extract solution prepared with 50 g of coffee/1000mL 


 


Caffeine Extraction Data 


Mass of Empty 50mL beaker  


 


Mass of 50mL beaker and Caffeine  


 


Mass of Caffeine  


 


 


Conclusion/Discussion Questions 


 


1. Were you able to obtain caffeine crystals from the coffee ground solution? 


 


 


 


 


 


2. How much total caffeine could be extracted from all of the coffee grounds found in the 


basement? 


 


 


 


 


 


 


3. Describe the appearance of your product.  Caffeine is a white solid, but your product was 


probably discolored.  Why? 
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Part III: Thin Layer Chromatography of an Unknown Drug 


 
Background Information  


 


Thin Layer Chromatography, or TLC, is one technique that is commonly used to identify 


unknown drugs.  You will use TLC to identify the components contained in the bottles of 


unknown drug found at the scene.  You will use the three substances (aspirin, caffeine, and 


acetaminophen) as your known solutions to determine if any of them are also apparent in the 


unknown drug. 


 


Purpose 


 


To determine the components in the unknown drug 


 


Procedure 


 


1. Cut appropriate size chromatography paper (if not already cut for you).  Handle the paper 


by the edges. 


2. Mark a pencil line across the bottom of the chromatography paper and label a spot for 


each solution tested. 


3. Apply 6-8 dots of each solution onto the TLC paper (3 known and 1 unknown) using 


capillary tubes to the labeled spots on the pencil line.   


4. Add solvent (ethyl acetate) to the beaker/bottle.  Make sure the line with the solution 


spots will not be submerged in the solvent. 


5. Run the solvent at least 6-7cm up the paper. 


6. Mark a solvent front (or the height to which the solvent went) with a pencil. 


7. Measure the distance the solvent moved and the distance each component of the solutions 


moved.  


8. Calculate the Rf values for each of the solutions in the Analysis section. 


 


Materials 


 


 Development jar with lid 


 TLC plate, 4” x 2” 


 Aspirin standard solution, 6-10 drops 


 Acetaminophen standard solution, 6-


10 drops 


 Caffeine standard solution, 6-10 


drops 


 “Unknown” solution 


 UV light source 


 Ethyl acetate 


 Microcapillary tubes, 4 


 Ruler 


 Pencil 
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Data 


 


Design a data table that shows the distance traveled for the compound and the solvent, as well as 


Rf values for each of the known substances and the unknown drug. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Analysis—Calculations 


 


Use the space below to show Rf value calculations based on the equation given below.   


 


Rf value  =  distance traveled by compound 


      distance traveled by solvent 


 


 


 


 


 


 


 


 


Conclusion 


 


1. What component(s) were present in the unknown drug? 
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Part IV: Thin Layer Chromatography of Pen Matching 


 
Background Information  


 


The police have acquired pens from each of the suspects and the new victim, Larry J..  They 


have run an ink analysis on the information found in the spiral notebook.  You will perform a 


chromatography test on each of the pens to see if any of them match the ink from the drug log 


book where Larry J.’s name was found recorded several times. 


 


Purpose 


 


To determine whose pen can be matched to the ink from the drug log. 


 


Procedure 


 


1. Cut the filter paper into 3 strips.  Label with a pencil at the top of each piece of filter 


paper, which suspect the pen belongs to. 


2. Make a horizontal mark (about 1 in from the bottom) with one of the pens across one of 


the pieces of filter paper.  Repeat this with each pen and each piece of filter paper. 


3. Pour the solvent into the bottom of each of the beakers so that the solvent does not reach 


the mark made by the pen. 


4. Get the evidence folder and try to match the evidence filter papers with those from the 


pens from each of the suspects. 


 


Materials 


 


 Suspect pens (Gladys, Gerald, Larry) 


 Ink from drug log 


 Coffee filters or filter paper 


 Fingernail polish remover (acetone) 


 


Data 


 


Construct a data table to record any qualitative and/or quantitative observations about each of the 


suspect samples compared to the evidence samples. 
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Conclusion 


 


1. Which pen(s) match the ink samples from the drug log book? 


 


 


 


 


 


 


2. What can you conclude, if anything, from the new information presented in relation to the 


crime? 


 


 


 


 


 


 


THE FINAL SCENARIO  


Record the final scenario, linking all of the assessments together and evidence to support all 


theories in the case.  Who should be convicted and for what crimes? 


 


Kirsten K. Murder Case 


 


 


 


 


 


 


 


 


 


 


 


Larry J. Murder Case 





