Crime Busters B
Division B Captains’ Summer Exchange
Written by azboy1910

Competitor Names: _________________________________________________________________________
_________________________________________________________________________
Team Name: ______________________________________________________________________________
Team Number: ____________

Score: ___________/386.5

Rank: ____________

Directions:
● You will be given 50 minutes to solve this crime scene.
● Each team is allowed to bring one 8.5” x 11” cheat sheet front and back for each participant on each
team.
● Do not open this packet until the event supervisor tells you to.
● You are allowed to take this packet apart, but you must put it back together in the correct order.
● Stop writing when time is up. Failure to do so will result in a penalty or disqualification.
● Good luck and don’t forget to have fun!
● Feel free to email me at azboy1910@gmail.com if you have any questions, comments, or feedback
regarding the exam and/or answer key.

2020-21 CSE

azboy1910

Crime Busters B

Crime Scene
Dave is the owner of a very successful restaurant. Many people have given the restaurant five-star reviews, and some even consider it
to be the best restaurant they’ve ever eaten at. The restaurant serves a variety of food, such as pizza, pasta, steak, burgers, salad,
soups and many more. The huge success of the restaurant has allowed Dave to live a pretty luxurious life, with many luxurious items.
In particular, he had a very precious diamond ring that he cherished very much. One day during the weekend, during the restaurant’s
closing hours, when Dave left his house to go grocery shopping for toiletries and other grocery items for his house, he forgot to wear
his diamond ring, which cost him. When he came back home, a horrific sight awaited him. He saw that the windows had been smashed
open and saw that his house had broken into and saw that his diamond ring and other expensive items had been stolen. Immediately,
Dave called the police. Before the police arrived, however, Dave was murdered. When the police arrived at the house at 10:36 am, the
culprit(s) had already escaped, but they did find different powders scattered across the floor, liquids spilled all over the countertops of
the kitchen, broken pieces of metal everywhere, different hair strands also on the floor, pieces of clothing made of various fibers, bits of
plastic, a shoe print found right outside the house, and there was a note at the door, saying “You’ll never live a day of luxury again. I’ll
make sure of it.” There were also a few blood droplets found at the location of the smashed windows. The culprit(s) seemed to have
been cut by the broken glass. The police had collected the samples found at the crime scene and had narrowed down the possibility of
who committed the crime down to four people. Your job is to identify these samples and also using the data gathered on each of the
suspects by the police and their pens, help the police to find the culprit(s). The names of each of the suspects and the data gathered on
each of them are provided below for you. Good luck!
Crime Scene Evidence
Fingerprint #1:

Fingerprint #2:

Found on Door

Found on Broken Glass Window

Shoe Print:

The Suspects
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DNA:

Pen:

Samples
Found:

1, 3, 4, 5, 7, 8, 10, 13, 14, 16, 18,
21, A, E, F, H
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Suspect #1: Vannesa
Info:

Description:

Age: 26
Eye Color: Blue
Hair Color: Blond
Height: 5’8”
Weight: 124 lbs.
Pets: 1
Black-Haired Cat

Vannesa is Dave’s ex-girlfriend. She broke up with him and has held a grudge against
him ever since he cheated on her. Her occupation is a construction worker. She loves
cooking and eating seasoned steak, baking french bread and sugar cookies, and eating
store-bought jello pudding. She also likes drinking sparkling lemonade and Pepsi from a
soda can. The beach is where she often goes on a vacation. To wash her hands, she
uses a zinc soap bar. Vanessa also went to the store the day before to buy tablets to
help with her digestion problems, a rinse to help with her mouth sores, and a bottle of
laundry detergent. She wore a cotton shirt and nylon pants that day.
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DNA:

Pen:

DNA:

Pen:

DNA:

Pen:

DNA:

Pen:

Shoe Print:

Suspect #2: Robert
Info:

Description:

Age: 29
Eye Color: Blue
Hair Color: Black
Height: 6’1”
Weight: 158 lbs.
Pets: 1
Brown-Haired
Dog

Robert is a chef working at the restaurant Dave owns. He complains about how the
salary pay is too low for how much he and the other chefs work. Dave has been scolding
Robert a lot lately for not making some of the creamy soups ordered by people dining in
at the restaurant thick enough. This thickening powder, among flour, salt, sugar, yeast
and others are what Robert works with in the kitchen daily. He drinks a lot of water
from plastic water bottles to stay hydrated and healthy. He wore a rayon shirt and
pants made of polyester that day.

Shoe Print:

Suspect #3: Mike
Info:

Description:

Age: 28
Eye Color: Blue
Hair Color: Blond
Height: 6’2”
Weight: 162 lbs.
Pets: 2
Brown-Haired
Dogs

Mike is a friend of Dave who works as an electrician. While he is happy about the great
success of Dave’s restaurant, he feels concerned for his friend because he has noticed
that Dave has become more selfish and greedy ever since he started earning lots of
money. Lately, he has been called quite a lot to fix the wiring in people’s homes. He
enjoys salt and vinegar chips for a snack, pizza and pasta for a meal, and for dessert he
loves to satisfy his sweet tooth with funnel cakes and apple pie. The day before, he
noticed that dirt and bacteria were building up on his windows, so he stopped by the
store to buy an ammonia window cleaner. He wore a silk shirt and linen pants that day.

Shoe Print:

Suspect #4: Gabriel
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Info:

Description:

Age: 30
Eye Color: Green
Hair Color: Brown
Height: 5’11”
Weight: 154 lbs.
Pets: 1
White-Haired Cat

Gabriel is the owner of a different restaurant nearby. The restaurant had pretty good
sales, but nowhere close to the sales made by Dave’s restaurant. He has grown very
jealous of Dave’s great success and has been plotting to overtake Dave’s restaurant
for years. He often wears a copper ring in remembrance of his late mother who had
given it to him years ago after his marriage. He has a collection of fermented food that
uses a brine solution stored in jars in his kitchen. Every now and then, Gabriel enjoys
a nice glass of lemonade. His kids love drawing with chalk, so he usually hops by the
store to buy some limestone chalk for his kids to draw with. He wore a polyester suit
and linen pants that day.

Shoe Print:

The Suspects’ Fingerprints
Vanessa:

Robert:

Mike:

The Suspects’ Blood Types

Sample Numbers/Letters
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Powders: S
 -1, S-2, S-3, S-4, S-5, S-6, S-7, S-8, S-9
Mixtures: S-10, S-11, S-12, S-13
Liquids: S-14, S-15, S-16, S-17
Metals: S-18, S-19, S-20, S-21
Hairs: S
 -A, S-B, S-C
Fibers: S
 -D, S-E, S-F
Plastics: S-G, S-H

Sample Properties
S-1: W
 hite powder, insoluble in water, pH of 6

S-2: White powder, soluble in water, pH of 2

S-3: C
 rystalline, clear powder, cubic, soluble in water, pH of 7

S-4: Crystalline, clear powder, hexagonal, soluble in water, pH
of 7

S-5: W
 hite powder, fizzes in HCl, insoluble in water, pH of 7

S-6: White, slippery powder, blackens in iodine, insoluble in
water, pH of 7

S-7: W
 hite powder, fizzes in HCl, soluble in water, pH of about
8.5

S-8: Tan grains, insoluble in water, pH of 7

S-9: C
 rystalline, clear powder, irregular, soluble in water, pH of
8

S-10: W
 hite powder mixture, fizzes in HCl, partly soluble and
clumps in water, blackens in iodine

S-11: Cubic and hexagonal crystals, white powder, partly
soluble and clumps in water, blackens in iodine

S-12: C
 ubic crystals, white powder mixture w/ an airy powder
and slippery powder, fizzes in HCl, partly soluble and fizzes in
water, blackens in iodine

S-13: Tan, granulate powder, hexagonal crystals, white
powder, partly soluble and fizzes in water

S-14: Y
 ellowish liquid, citrus scent, pH of 2

S-15: Clear, colorless liquid, pungent smell, pH of 10

S-16: C
 lear, colorless, odorless liquid, tiny bubbles in iodine, pH
of 7

S-17: Clear, colorless, odorless liquid, pH of 7

S-18: S
 hiny, gray metal, vigorously reacts in HCl, density of
7.13 g/cm³

S-19: Gray, dull metal, vigorously reacts in HCl, delayed tiny
bubbles in water, density of 1.738 g/cm³

S-20: Bronze metal luster, density of 8.96 g/cm³

S-21: Gray metal, delayed reaction in HCl, density of 2.70
g/cm³

S-A: (blond)

S-B: (brown)

S-C: (black)

S-D:

S-E:
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S-G: hard, brittle (delicate), very translucent, low melting point,
density>1

S-H: very flexible, branched, stiff, translucent, density<1
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Section A: Qualitative Analysis (Tiebreaker #1) [192.5 pts]

Powders: (____/69)
Identification [2 pts each]

Implication(s) [1 pt each]

S-1
S-2
S-3
S-4
S-5
S-6
S-7
S-8
S-9

1.

What is the IUPAC name for S-7? [1 pt]

2.

Draw the chemical structure of calcium sulfate. [1.5 pts]

3.

Identify the molecular weight of alka-seltzer. [1 pt]

4.

The reaction between sodium bicarbonate and hydrochloric acid creates carbon dioxide. Write out a balanced chemical
equation for this chemical reaction. Determine whether this reaction is exothermic or endothermic, and explain why, [2 pts]

5.

What species of yeast is used in the fermentation of wine? [1 pt]

6.

Write a balanced equation for the thermal decomposition of calcium carbonate and sodium bicarbonate. Identify the
components in each of the equations and whether the thermal decompositions of each substance are endothermic or
exothermic. [4 pts] Tiebreaker #3

7.

The hydrogen ion concentration of acids are ______, while the hydrogen ion concentration of bases are ______. [1 pt]

8.

The type of sugar used in this event is known as sucrose. Identify the two monosaccharides that make up this sugar, whether
sucrose is a reducing or non-reducing sugar, and what colored precipitate would sucrose form in Benedict’s solution? [2 pts]
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When testing for a flame test using a Bunsen burner, which powders in this event would have a yellowish-orange flame? [2
pts]

10. Identify at least one conductive and one NaOH-reactive powder. [1 pt]

11. For S-3 through S-5, identify the following: [7.5 pts]
a. Density (g/cm³)
b. Melting Point
c.
(Draw) Chemical Structure
d. Molecular Weight

Density

Melting Point

Chemical Structure [1 pt each]

Molecular Weight

S-4

S-5

S-6

12. The pH of ascorbic acid is 2. What is the pOH of ascorbic acid? What is the hydroxide ion and hydronium ion concentration
of ascorbic acid in mol/L? [2 pts] ( Tiebreaker #6)

13. What is the identification of the products created by the chemical reaction between calcium carbonate and HCl? [1 pt]

14. Identify the amount of mass of sodium chloride soluble in 1 liter of ammonia. [1 pt]

15. What is the chemical formula of Alka-Seltzer? [1 pt]
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Mixtures: (____/52)
Identification [3 pts each]

Implication(s) [1 pt each]

S-10
S-11
S-12
S-13
Liquids: (____/34)
Identification [3 pts each]

Implication(s) [1 pt each]

S-14
S-15
S-16
S-17
16. Draw the Lewis dot structure for ammonia. [1 pt]

17. What is the number of valence electrons in one water molecule? [1 pt]

18. For liquid samples S-15 through S-17 above, identify the following physical properties; [6 pts]
a. Density (g/cm³)
b. Boiling Point
c.
IUPAC ID
d. Molecular Weight

Density

Boiling Point

IUPAC ID

Molecular Weight

S-15
S-16
S-17

19. Write a net ionic equation for the reaction between ammonia and hydrochloric acid. Label each of the components of the
equation by their respective names. [2 pts]
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20. Hydrogen peroxide over time slowly decomposes into ________________ and ________________. Two substances included
in this event that catalyze the decomposition reaction are ________________ and ________________. [2 pts]

21. How many times more acidic is S-14 than S-15? [1 pt]

22. Identify at least four of the side effects of drinking isopropyl alcohol. [2 pts]

23. Which of the allowed liquids for this event is used in pickling? [0.5 pts]

24. Acetic acid typically makes up ________ percent of the volume in vinegar. Citric acid typically makes up ________ percent of
the volume in lemon juice. [1 pt]

25. The process of the mass production of ammonia is produced through a gas phase reaction between nitrogen and hydrogen gas
at a moderate temperature and high pressure, which is known as the ________________________. [0.5 pts]

26. The chemical reaction between ammonia and iodine creates nitrogen triiodide and hydrogen gas. Write this reaction out as a
balanced equation and explain why large quantities of nitrogen triiodide gas can be hazardous. [2 pts] Tiebreaker #4

Metals: ( ____/37.5)
Identification [2 pts each]

Implication(s) [1 pt each]

S-18
S-19
S-20
S-21
27. What is the atomic number of aluminum, zinc and copper? [1 pt]

28. Identify the allowed metals for this event that have a reactivity greater than that of carbon. [1 pt]

29. What year and by whom was magnesium first discovered? [1 pt] (Tiebreaker #5)
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30. Identify the magnetic ordering of each allowed metal for this event. [6 pts]

31. What is the concentration of aluminum in the solar system? [1 pt]

32. Which of the allowed metals for this event are/is flammable? [1 pt]

33. How much mass of copper in micrograms is there in an average adult body per one kilogram of body weight? [1 pt]

34. What percentage of the Earth’s crust is made out of zinc? [1 pt]

35. What is the boiling point of aluminum? [1 pt]

36. What is the molecular weight of Zn? [1 pt]

37. Write out the reaction between magnesium and HCl as a net ionic equation. Label each product and reactant of the equation
and determine whether the reaction is endothermic and exothermic. [2.5 pts]

38. Write out an equation for the oxidation reactions of copper, tin, and zinc. It does not have to be balanced. [3 points]

Section B: Polymer Testing/Natural and Man-made Substances [44.5 pts]

Hairs: (____/20.5)
Identification [2 pts each]

Implication(s) [1 pt each]

S-A
S-B
S-C
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39. Write out the names of the phases of the hair growth cycle, writing them out in the chronological order that they occur.
Determine which phase has the most hair growth. [1.5 pts]

40. Using your answers from question 39, determine how long it takes for each phase to occur. Answer with days, weeks,
months, or years. [1 pt]

41. Identify the cuticle scale pattern of hair samples S-A, S-B, and S-C. [3 pts]

42. Name the three layers of the hair shaft from outermost to innermost layer and the layer of skin that the hair shaft and hair
follicle are located in. [1 pt]

Fibers: (____/13)
Identification [2 pts each]

Implication(s) [1 pt each]

Burn Test Scent [1 pt each]

S-D
S-E
S-F
43. Find the polyamide out of the fibers identified above. [1 pt]

Plastics: (____/11)
Identification
[2 pts each]

Implication(s) [1
pt each]

Monomer Structure [1.5 pts each]

S-G

S-H

44.

Find the chemical formula of the sample S-G. [1 pt]
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Section C: Chromatography [10 pts]

45. Which suspect’s pen was found at the crime scene? [5 pts]

46. What is the purpose of chromatography? In which century was chromatography first used? [1 pt]

47. What does Rf stand for in paper chromatography? What is the formula for Rf? Determine what it means if the Rf value is 0
and what it means if the Rf value is 1. [1.5 pts]

48. Identify which of the following is not a type of chromatography. [0.5 pts]
Paper

Juice

Thin-Layer

Gas

Liquid

Hydrodynamic

49. What is the mobile and stationary phase in paper chromatography and thin-layer chromatography? [2 pts]

Section D: Crime Scene Physical Evidence [41.5 pts]

Fingerprints: (____/18.5)
Fingerprint Type [1 pt each]

Matches with Fingerprint #1 [1 pt each]

Matches with Fingerprint #2 [1 pt each]

Vanessa

Yes / No (Circle One)

Yes / No (Circle One)

Robert

Yes / No (Circle One)

Yes / No (Circle One)

Mike

Yes / No (Circle One)

Yes / No (Circle One)

Gabriel

Yes / No (Circle One)

Yes / No (Circle One)

50. How many deltas does an accidental whorl fingerprint have? [0.5 pts]

51. In what year, month, and day was the IAFIS first operated by the FBI? What does it stand for? What is its significance and
why was it developed? [3 pts]

52. Name at 6 types of latent print development. Extra points will not be awarded for extra types named. [3 pts]
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DNA: ( ____/6)
Matches with DNA found at Crime Scene [1 pt each]
Vanessa

Yes / No (Circle One)

Robert

Yes / No (Circle One)

Mike

Yes / No (Circle One)

Gabriel

Yes / No (Circle One)

53. Identify the four nucleobases, their base pairings, and identify which are purines, and which are pyrimidines. [2 pts]

Shoe Prints: (____/5)
Matches with Shoe Print found at Crime Scene [1 pt each]
Vanessa

Yes / No (Circle One)

Robert

Yes / No (Circle One)

Mike

Yes / No (Circle One)

Gabriel

Yes / No (Circle One)

54. What type of print was found at the crime scene? [1 pt]

Blood Types and Spatters: ( ____/12)
Blood Type [1 pt each]

Matches with Blood Type found at Crime Scene [1 pt each]

Vanessa

Yes / No (Circle One)

Robert

Yes / No (Circle One)

Mike

Yes / No (Circle One)

Gabriel

Yes / No (Circle One)

Use the following images below to answer questions 55 and 56.
Image A

Image B
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55. Image A was found near the glass window. What is the velocity of this spatter? [0.5 pts]

56. Image B was found near Dave’s doorstep. What is the velocity of this spatter? [0.5 pts]

57. Identify the angle, its direction of travel and parts A and B of the following blood drop. Given that its diameter is 2.5 mm,
also make sure to identify the velocity of the blood drop. [3 pts]
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Section E: Analysis (Tiebreaker #2) [98 pts]
Using the evidence you gathered, who is/are most likely the perpetrator (s) of the crime? Why are the other suspects not the
perpetrator (s)?
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