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Instructions
● Each team has 50 minutes to complete this exam. There are 80 questions and 227 points. All answers

should be marked on the answer sheet. Do not write on this exam.
● Partial credit may be given for some questions.
● Materials allowed are one 8.5” by 11” note sheet front and back per participant and writing utensils.
● Write your team number and names on the answer sheet.
● If  you have any questions about this exam, please feel free to email us using the emails shown at the

bottom left corner of  this page of  this exam.
● Point values are indicated by parentheses if  not already indicated by the information at the start of  a

section/subsection.
● Good luck!
● Please fill out this feedback form when you’re finished with the exam. Thanks!

2 trusfrated0613@gmail.com
1 azboy1910@gmail.com

https://forms.gle/nu9mXkyZ9YideJgc6
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Crime Scene
Rachel Twelve is a girl who is currently a freshman in high school. Being a respected student in school, she
was living a happy life and had lots of  friends, butnever got enough sleep at night. Her friends frequently
urged her to get more sleep, but she insisted on sleeping late and having all-nighters frequently. Suddenly, the
window of  Rachel's bedroom was smashed open and shewas kidnapped. Rachel was suspected to be
kidnapped on May 10, 2021 at approximately 12:30 AM, when a neighbor witnessed her bedroom window
suddenly shattering at approximately that time. Her bedroom was full of  broken glass and powders, plastics,
fibers, hairs, and more that were later found by police. It also appeared that the culprit (s) left a mess of  blood
as well. There was even a note that said, "Rachel please get more sleep." The police have identified four of
Rachel's friends that could've done this. Using the evidence they've provided you, they've assigned you with
the task of  finding the culprit (s) of  this kidnapping.Good luck and happy crime busting!

Suspects

Suspect #1: Vic
● A freshman in high school who met Rachel at a science fair. Sometimes comes to her house after

school to do homework together. Constantly begs her at night to sleep more and worries for her
health.

● Enjoys eating oranges and going on bike rides and usually brings a PVC water bottle with him.
● Fell off  his bike recently and had to clean his woundsusing hydrogen peroxide.
● Had to take out the trash using a plastic garbage bag the night before the day of  the crime scene.
● Has a pet dog and has black hair.
● Wore nylon shorts and a cotton T-shirt on the day of  the crime scene.
● Vic told police, “I wouldn’t have done this because I care about Rachel and I would never do such a

thing as to kidnap her.”

Suspect #2: Skythee
● A junior in high school who goes to the same school as Rachel. She tells Rachel to sleep more

between class periods, but not frequently due to her belief  in pacifism.
● Skythee enjoys sculpting, using limestone and Plaster of  Paris to make her sculptures.
● Always keeps a bottle of  vinegar for cooking.
● Recently had chills and bought warmers to help.
● Went to the grocery store the day before, bringing home some grocery bags.
● Has a pet bird and has red hair.
● Wore clothes made from silk and rayon on the day of the crime scene.
● When interrogated by police, she defended herself by saying, “I’m a pacifist, I don’t believe that any

sort of  violence would help this problem, so I can tell you for sure that I didn’t kidnap her.”
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Suspect #3: Grace
● A sophomore in high school who became friends with Rachel after she stood up for Grace against a

bully at school. However, the two of  them were foundhaving a heated argument in front of  Rachel’s
house a few days prior to the kidnapping.

● Carries around an aluminum water bottle and has a collection of  copper pennies.
● She enjoys eating a pack of  jello, salted crackersor sugary donuts when looking for something to

snack on, along with a glass of  iced tea or lemonade.
● Has a cat and has blond hair.
● Wore a linen shirt and silk pants on the day of  thecrime scene.
● When she was interrogated by police, she denied that she was the one responsible for the kidnapping,

saying, “As one of  Rachel’s closest friends,  I canassure you that I would never try to harm Rachel in
any sort of  way.”

Suspect #4: Ethan “Dos”
● A senior in high school who has had a crush on Rachel since he was a freshman. He felt humiliated

after being rejected by her after asking her out on a date and has avoided her since and feels upset
about what happened.

● Takes Alka-Seltzer tablets to help with his heartburn problems, as well as zinc pills from plastic pill
bottles.

● Wears a stainless steel wristwatch and always carries a PETE plastic water bottle to make sure he
stays hydrated.

● Decided to bake some bread on the day of  the crimescene.
● Has a cat and has brown hair.
● Wore a wool sweater and polyester pants on the day of  the crime scene.
● He responded to police interrogations by saying, “I-I would never do such a thing. S-she would kill

me…”
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Section I: Qualitative Analysis
This section is worth 78 points in total and is the second tiebreaker. Each question in this section contains the
sample description along with the sample number at the beginning of  each question. Your job is to identify
samples and answer any questions that follow.

Subsection I: Powders
This section is worth 51 points. P7 and P9 are mixtures of  2 solids. P10 and P11 are mixtures of  3 solids.
Each correctly identified powder is 3 points and mixtures of  2 are 6 points, mixtures of  3 are 9 points. P9
through P11 were not found at the crime scene and do not incriminate anyone.

1. P1: white powder, insoluble in water, no reaction in HCL or iodine
2. P2: white powder, fizzes in HCL and iodine
3. P3: yellow grained powder, soluble in water
4. P4: irregular crystalline powder, soluble in water, basic pH
5. P5: tan pellets
6. P6: uniform crystals, soluble in water
7. P7: fully soluble in water, pH of  ~7, and both regular and irregular crystals
8. P8: pH of  ~2
9. P9: not soluble in water, slight bubbling in HCL and turns black in iodine, tan-ish mixture
10. P10: regular crystals buried in a white powder mixture, partially soluble in water (forms a hardened

and solidified mixture), no reaction in HCL, turns black in iodine
11. P11: irregular crystals and tan grains mixed in a white powder, partially soluble in water (specks of

gel), fizzes in HCL, no reaction in iodine

Subsection II: Liquids
This section is worth 15 points. Each correctly identified liquid is worth 3 points.

12. L1: Cloudy and acidic
13. L2: pH of  7, known as the universal solvent
14. L3: clear liquid, pungent smell, and basic
15. L4: distinct smell, acidic, sometimes used as a cleaner
16. L5: pH of  7, late bubbling reaction with iodine

Subsection III: Metals
This section is worth 12 points. Each correctly identified metal is worth 3 points.

17. M1: gray, dull metal; slow reaction with HCL
18. M2: bronze-colored metal
19. M3: dark gray metal, magnetic
20. M4: gray, shiny metal; vigorous reaction with HCL
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Section II: Hairs, Fibers, Polymers
This section is worth 18 points in total and is the fourth tiebreaker. Each question in this section contains the
sample description or picture along with the sample number at the beginning of  each question.

Subsection I: Hairs
This section is worth 9 points. Each correctly identified hair is 1 point. You only need to identify whether the
hair is from a cat, human, or dog.

21. H1:

22. H2:

23. H3:
24. Explain how you identified each of  the hair samples shown above using characteristics of  each hair

sample to distinguish them from the others. Name at least one characteristic of  each hair sample in
your explanation. (3)

25. Identify the medulla pattern of  each hair sample. (3)

Subsection II: Fibers
This section is worth 4 points. Each correctly identified fiber is 1 point. You only need to identify whether the
fiber is a plant, animal, or synthetic fiber.

26. F1: dissolves in bleach, self-extinguishing when withdrawn from flame
27. F2: smells like celery in flame, self-extinguishing when withdrawn from flame
28. F3: burns readily, melts in flame
29. F4: constant rate of  burn, burns continuously whenwithdrawn from flame
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Subsection III: Polymers
This section is worth 5 points. Each correctly identified plastic is 1 point. Write the abbreviation of  each
plastic on your answer sheet.

30. PL1: green flame when burned
31. PL2: very transparent, sinks in corn oil, water, and saturated NaCl solution
32. PL3: slow burn, pungent odor, bubbles in flame
33. PL4: branched polymer, burns slowly
34. PL5: floats in corn oil and water
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Section III: Paper Chromatography
This section is worth 12 points in total and is the third tiebreaker. A note was found at the crime scene with
“Rachel please get more sleep.” written on it. The pen of  each suspect was collected and a chromatography
test was performed on each one.

From left to right: Crime Scene, Suspect #1, Suspect #2, Suspect #3, Suspect #4

35. Which of  the suspect’s pens was used to write thenote found at the crime scene? (4)
36. Are these pens water-soluble, assuming the solvent used was water? How can you tell? (2)
37. Compare the Rf  of  each of  the suspects’ pens to oneanother if  the start and end points are where the

image starts at the bottom and ends at the top, respectively. Use an inequality. (2)
38. Which compound has the lowest Rf  value in all of  thechromatograms? Answer with a color. What can

you tell about its polarity from this statement? How do you know? (4)
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Section IV: Crime Scene Physical Evidence
This section is worth 21 points in total and is the fifth tiebreaker.

Subsection I: Fingerprints
This section is worth 6 points. Two fingerprint samples were found at the crime scene. A single fingerprint
was taken from each of  the suspects.

From left to right: Fingerprint #1, Fingerprint #2, Suspect #1, Suspect #2, Suspect #3, Suspect #4

39. Which fingerprint matches fingerprint #1? (1)
40. Which fingerprint matches fingerprint #2? (1)
41. Identify the fingerprint pattern of  each fingerprint, including the ones found at the crime scene. (3)
42. Name one minutiae from the fingerprint taken from suspect #3. (1)
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Subsection II: DNA
This section is worth 5 points. Look at the following gel electrophoresis sample, and answer the following
questions.

From left to right: Crime Scene, Suspect #1, Suspect #2, Suspect #3, Suspect #4, Control Sample

43. Which suspect’s DNA was found at the crime scene? (1)
44. Explain how you got the answer for the previous question. (2)
45. Briefly explain how gel electrophoresis works. (2)
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Subsection III: Blood
This section is worth 6 points. A single blood sample was found at the crime scene. A blood sample from
each suspect was also taken, and their test results are displayed below, along with the one found at the crime
scene. Blank boxes indicate that there was no agglutination when testing.

Anti-A Anti-B Anti-D Control

Crime Scene Agglutination Agglutination

Suspect #1 Agglutination Agglutination Agglutination Agglutination

Suspect #2 Agglutination Agglutination

Suspect #3 Agglutination Agglutination

Suspect #4 Agglutination Agglutination

46. Which suspect’s blood type matched the one found at the crime scene? (1)
47. Identify the blood type of  the sample found at thecrime scene. (1)
48. Define what agglutination means in the context of blood reacting with an antiserum. (2)

This was taken from the crime scene.

49. What is the velocity of  this spatter?Answer with high, medium, or low. (1)
50. What is the bloodstain pattern of  this spatter? (1)
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Subsection IV: Soil
This section is worth 2 points. On the bottom of  eachsuspect’s shoes, some soil was found. This soil was
then collected and a pH test was performed on each one.

Color pH

Crime Scene Dark Brown Neutral

Suspect #1 Orange-Brown Acidic

Suspect #2 Dark Brown Acidic

Suspect #3 White Alkaline

Suspect #4 Dark Brown Neutral

51. Which soil sample taken from each of  the suspectsmatches the one found at the crime scene? (1)
52. What type of  soil was found at the crime scene? (1)

Subsection V: Shoe Prints
This section is worth 2 points. The sole of  each suspectwas taken and given to you to analyze.

From left to right: Crime Scene, Suspect #1, Suspect #2, Suspect #3, Suspect #4

53. Which suspect’s shoe print matched the one found at the crime scene? (1)
54. What type of  shoe print was found at the crime scene? (1)
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Section V: General Questions
This section is worth 38 points in total and is the sixth tiebreaker.

55. How does the reaction between sodium bicarbonate and HCl follow the Arrhenius model for
acid-base reactions? (2)

56. How does pH correlate with the concentration of  hydrogen ions in a substance? (2)
57. Briefly explain how a conjugate base is formed from an acid. (1)
58. Briefly explain why the atoms of  substances like table salt bond together readily. (1)
59. Contrary to ions with a net positive or negative charge, hydrogen atoms in water molecules only have

a partial positive charge. Using the covalent bonds between water molecules, explain why this is so
and why this is different from ionic bonding. (3)

60. What is the shape of  the lattice structure of  magnesium molecules? (1)
61. Iron rusts when in contact with oxygen. What other substance does iron come in contact with that

causes its rusting reaction? (1)
62. Is the rusting of  iron a combustion reaction? Whyor why not? (2)
63. Keratin is a protein that makes up human hair. Name at least 2 other organs of  the human body that

keratin makes up. (1)
64. What is the role of  androgens in human hair? (1)
65. How is it possible to distinguish hairs by race under a microscope? (2)
66. How does the uniformity in terms of  thickness of  naturalfibers compare to synthetic fibers under a

microscope? (2)
67. Rayon contains natural materials such as cellulose, yet is still considered a synthetic fiber. Briefly

explain why. (1)
68. Which plastics out of  the ones on the rules containa benzene ring in their structure? (2)
69. Explain how water molecules can use capillary action to travel up a strip of  paper during paper

chromatography. (2)
70. What is the solvent front in chromatography? (1)
71. What are the 3 main fingerprint patterns? What is the frequency in % of  each pattern in the

population? (2)
72. A child holds a ball in their hands. How does this child demonstrate the application of  the biological

purpose of  fingerprints? (2)
73. Why do longer DNA fragments travel a shorter distance than shorter fragments in gel

electrophoresis? (2)
74. Explain why PCR occurs before gel electrophoresis. (2)
75. What is the role of  the enzyme Taq polymerase in gel electrophoresis? (2)
76. Peat and loam are both soils that are dark in color. Describe at least 2 differences between them. (2)
77. What does a red color indicate the presence of  in soil? What does a gray color indicate the presence

of  in soil? (2)
78. If  a shoe print found at the crime scene showed theheel pointing eastward, what direction was the

person who made this print going? (1)
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Section VI: Analysis
This section is worth 60 points in total and is the first tiebreaker.

79. List out the evidence that incriminates each suspect, the motives that each suspect could’ve had
behind committing this crime and determine whether you think each suspect is guilty of  this crime or
not. Include samples that did not incriminate anyone as well. (30)

80. Number the suspects in order from 1 to 4, with 1 being the most likely to commit the crime and 4
being the least likely to commit the crime. Using the evidence that incriminates each suspect and their
motives, explain why you numbered them in the order you did. (30)
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