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CRIME BUSTERS B

SCENGEOLNEIAD ﬁ

1. DESCRIPTION: Given a scenario,  collection of evidence, & possible suspects, students wil perform
a series o ests. evidence will & answer questions.
ATEAM OFUPTO: 2 EYE PROTECTION:
CALCULATOR: Class 1t APEROXIMATETIME: 50 mintcs
2. EVENTPARAMETERS:
ac e unique §.5” x 11" sheet of paper. wh be in a sheet protector
caled by tape or laminated,that may contain information on both sides in any form and from any
c and ane non-p e cale .

Each team ma he
Events. posted on soine.org. Teams not binging these tems may be o § disadvantage. The Supervisor
willno provide them.
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i, Candle & matches i fberdgven

i y plasics given
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1 8.5 x 11" sheet of paper per person e —m»l“‘“‘“
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National | 14- 260123 solids with * | 1015 | 13 types | 2-4 topics | Required

1 non-programmable calculator (no T1-84)

made of two o three materials.
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CRIME BUSTERS B (CONT.)

Guaranteed to be tested on powders, polymers @ P
(hair, plastics, fibers), and chromatography

ble, like
i mydam Plastics - PETE, HDPE, nmuxpnnded T TP 5 PV PAINEA. Bur i will
be conducted but bum results may be pr

e (Check the Chemistry Equipment List! BT

a variety of other sources such as
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Soked o determine 1l 1mpl1tue> “ny o he suspects.
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slips, spatulas, stirring rods, ruler, etc. wiii"‘“"“’“‘“
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e Analysis of powders/solids has the most points!! ——
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FORENSICS C

. Each paricipant may bring onc unique §.5 x 11 shet o paper, wich may be in ¢ shet potctor

without any’ mmm\mm oriabels affied
b. Each team may brin allof the items listed on the Division C Chemistry Events Lab Equipment
t g fass ). Teams not
bringing. iy pe
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e 1 85" x 11" sheet of paper per person “’“‘" S

e 1programmable calculator per person ::;“

e Make sure to check the Chemistry Lab Equipment e e
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. Polymers: Participants may be asked to
i Platies PETE, HDPE, oncxpanits 13, LDPE, PP PVC, PR B0 Bt il e
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Topic 1: Chromatography

e Relies on capillary action and polarity

e Rf- Retention Factor
1. Measure from the base line to the center of the

compound (how far the compound traveled)

2. Measure from the base line to the solvent front
3. Find their ratio

e Mobile phase - solvent

e Stationary phase - paper

How to calculate the Rf value

distance moved by substance

L Sta rt th'S at the beg | n ﬂlng Of the teSt Sowenj‘f’m“ Bfe distance moved by solvent
Rf = S5cm
12cm f - 12cm
© Rf =0.42 Key -
Solvent = Water

’ 5‘"‘1 Substance = Red spot

Y
Base line




Topic 1: Chromatography

Practice with this!
Sometimes it might not work, but that’s okay - do what
you can




Topic 2: Fibers

e Animal (wool, silk)

o Shrivel and form a grainy ash under heat
o Smell like burning hair

o Self-extinguish

o Made of keratin
e Plant (cotton, linen)

o Smell like burning paper

o Catch on fire even without touching the flame
e Synthetic (nylon, polyester, spandex)

o Melt and produce a hard bead of plastic
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Topic 2: Fibers

e Be familiar looking at microscope images of fibers!

Synthetics
Cotton



Topic 3: Plastics

e Be familiar with density tests!
e T[hermoplastics - pliable after
heating
o Made of branched
polymer chains
o Recyclable
e T[hermosets - cant be returned
to their original states
o Made of cross-linked
polymer chains

Thermoplastic

Strong link into polymer chains

Monomer

Weak intermolecular forces
between polymer chains

No cross-links between chains

Softens when heated

Linear polymer

Thermosetting

Strong cross-link bond

Ol
% 000009 |
Monomer

Strong covalent bonds
between polymer chains

Remains hard when heated

Branched polymer

Crosslinked polymer



Topic 3: Plastics

Pass My Exams

(o) (o]
3
n[ >C —CHz—CHz—CHZ—CHz—C// +
HO NoH n[no—cn,—— CH,—OH
hexane dioic acid ethane diol

Condensation Polymerisation

e Polymerization - synthesis of polymers
o Addition/chain growth - polymers added one lf___lz
step at a time .

o (Condensation/step growth - chain doubles with

each step (exponential growth) Condsn:ation

Addition

—OH
o/ 1)

MONOMER
CH A monomer is a small molecule. 9 H\ / H

a polyester water

POLYMER H--0O O H” H T
L —n
H H/
Monomer of PETE
Ethene Polyethene
A polymer is a long-chain molecule made up of a repeated pattern of monomers. (Po |yethy|ene

Terephthalate)



COMMON
QUESTIONS

All of the following questions have been pulled from past Y]l exams (which can

be found on our website) or the Text Exchange on SciOly Wiki




Solution Density (g/cm”3 = g/mL)
Water 0.999 (1)
Plastics: 100% | I Alcohol | 0.786
Plastic A was found at the scene. Float tests were conducted in various liquids. F Sopropy! /coho i
means float, and S means Sink. ID all plastics (2pts each) 70% IA 0.88
Plastics A B c D 46% IA 0.9011
Vegetable Oil F J & - Vegetable Oil 0.91-0.93
46% i 1 F F S S
a;cohifm" Sat. NaCl 1.202
Water F F S S 10% NaCl 1.071
10% NaCl E S S S Calcium Chloride (CaCly) | 1.4
25% NaCl F S F S Com Oil 0.917 - 0.925
Saturated NaCl F S F r
solution . .
Plastic -- density (g/cm~3)
A PETE --137
HDPE -- 0.95
B: LDPE --0.92
PVC--138
c: PP --0.9
D: PS --1.05
a PMMA -- 116
PC--12

Draw the monomer structure of PETE (2pts) :



[ )
(]
Question 1: ANSWERS
Water 0.999 (1)
Plastics: 100% Isopropyl Alcohol | 0.786
Plastic A was found at the scene. Float tests were conducted in various liquids. F
means float, and S means Sink. ID all plastics (2pts each) 70% IA 0.88
Plastics A B c D 46% IA 0.9011
Vegetable Ol F s s s
46% isopropyl F s s s Vegetable Oil 0.91-093
alcohol
Watar 2 s s s Sat. NaCl 1.202
10% NaCl F F s s 10% NaCl 1.071
25% NaCl F F F s
Calcium Chloride (CaCly) | 1.4
Saturated NaCl 3 F F F
solution
Com Qil 0.917-0.925
A:PP  Lightest density, floats in everything
B: PS More dense than water, less dense than 10% NaCl Plastic -- denSity (g/cmA3)
PETE --137
C:PMMA  More dense than 10% NaCl, less dense than saturated NaCl HDPE -- 0.95
D: PC More dense than PMMA LDPE --0.92
Draw the monomer structure of PETE (2pts) : PVC--138
PP --0.9

PS --1.05

5 8 OH
»—@%JT PMMA -- 116
H-+0 o] "

PC--1.2



The blood test at the lab produced the following results:

ANTI - A

ANTI - B

ANTI-D

CONTROL

f

\

What is the blood type shown in the lab results?

12. What 1s hair made of? What pigment gives hair its color?

14. What is the medullary index? How can it be used to identify hairs?




Question 2: ANSWERS

The blood test at the lab produced the following results:
ANTI - A ANTI-B ANTI-D CONTROL

® 0 & @

What is the blood type shown in the lab results?

(2 pts for correct letter, 1 pt for correct sign)

O+

12. What is hair made of? What pigment gives hair its color?

Keratin, melanin

14. What is the medullary index? How can it be used to identify hairs?

Ratio of the medulla width to the cortex width, animals have larger medullary
indices than humans



A chromatography lab was run on the ink used to write the note at the crime scene. Analyze
the results and compare them to the chromatogram of each of the suspect’s pens. The
distance traveled is labeled for the crime scene only. You do not need to calculate the
distance traveled for the suspects.

Crime Scene Aiden Levin Polly Kaden Baz
48 cm
L]
3.6 cm . ® .
.
o

20cm ° . ¥

15cm . * a .
08 cm

Calculate the Rf values to two decimal places for the red, purple, and brown dot on
the Crime Scene chromatogram. (Assume that the solvent traveled the complete
distance of the paper)

Red (3 pts):
Purple (3 pts):
Brown (3 pts):
What does Rf stand for? (2pts)

The stationary phase was polar, and the mobile phase was nonpolar. Based off this
information, which pigment was the most polar in the Crime Scene chromatogram?
The least polar?

Most Polar (3 pts):

Least Polar (3 pts):



uestion 3: ANSWERS

A chromatography lab was run on the ink used to write the note at the crime scene. Analyze
the results and compare them to the chromatography of each of the suspect’s pens. The
distance traveled is labeled for the crime scene only. You do not need to calculate the
distance traveled for the suspects.

Crime Scene Aiden Levin Polly Kaden Baz
48cm
L
36cm . ® =
E
.

20cm ° - -

15cm . = " L]
08cm

Calculate the Rf values to two decimal places for the red, purple, and brown dot on
the Crime Scene chromatogram. (Assume that the solvent traveled the complete
distance of the paper)

Red (3 pts): 0.18
Purple (3 pts): 0.30 (accept 0.3)
Brown (3 pts): 0.70 (accept 0.7)
What does Rf stand for? (2 pts) Retention Factor or Retardation Factor

The stationary phase was nonpolar, and the mobile phase was polar. Based off this
information, which pigment was the most polar in the Crime Scene chromatogram?
The least polar?

Most Polar (3 pts): Brown

Least Polar (3 pts): Red



Tips from a Veteran

Practice with your cheatsheet

Split up the workload - | recommend the powder/polymer split for Forensics
Timing is key - maximize your points no matter what

Keep organized notes - these are key to understanding some concepts so you
don’t have to overfill your cheatsheet

e Practice, practice, practice (tests)!




Additional Resources

NC State SO

Wikipedia (lol)


https://ncscienceolympiad.ncsu.edu/resources/high-school/forensics/
https://phscscioly.weebly.com/forensics.html
https://phscscioly.weebly.com/forensics.html
https://www.forensicsciencesimplified.org/index.htm
https://www.forensicsciencesimplified.org/index.htm

Resources: Chemicals/Lab

Equipment

Ward’s Science Forensics kits

Ward'’s Science Crime Buster kit

Ward’s Science Crime Buster Lab Equipment
Official soinc.org website also links to these kits!



https://www.wardsci.com/store/product/47502439/science-olympiadtm-2024-2025-forensics-kit
https://www.wardsci.com/store/product/47502437/science-olympiadtm-2024-2025-crime-busters-kit
https://www.wardsci.com/store/product/8886781/science-olympiad-crime-busters

THANKS!




