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I. Maryland State Standards : 
 
1.1.1 The student will recognize that real problems have more than one 

solution and decisions to accept one solution over another are made on 
the basis of many issues. 

1.1.2 The student will modify or affirm scientific ideas according to 
accumulated evidence. 

1.2.2 The student will identify meaningful, answerable, scientific questions. 
1.2.3    The student will pose meaningful, answerable, scientific questions.  
1.2.6  The student will identify appropriate methods for conducting an 

investigation (independent and dependent variables, proper controls, 
repeat trials, appropriate sample size etc.) 

1.3.1 The student will develop and demonstrate skills in using lab and field 
equipment to perform investigative techniques. 

1.3.2 The student will recognize safe laboratory procedures. 
1.3.3 The student will demonstrate safe handling of the chemicals and 

materials of science. 
1.3.4 The student will learn the use of new instruments and equipment by 

following instructions in a manual or fro
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II.  Unit Goals: 
 
Students will become aware of immunology concepts used to create the 
technology Forensic Technicians use in crime labs.  Students will investigate a 
crimescene, examine trace evidence for DNA, identify unknown white powders, 
and examine urine samples from possible suspects.  They will use DNA 
extraction to obtain DNA from the hair follicle and PCR to magnify the suspects’ 
DNA samples.  Students will determine the specific analytic test that should be 
performed on each item of evidence collected, in order to identify which suspect 
committed the crime.  Choices of evaluation tools will be various tests for drugs 
or pregnancy, and gel electrophoresis. 
 
After completing this unit, students will be able 
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IV. Science Background and Teacher Resources: 
 

A PowerP
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dextromethorphan/ pseudoephedrine, Dexatrim, Sudafed, or Quinine.  The 
“control”  and unknown urine samples are added to a Tox Elut® column filled with 
diatomaceous Earth to ex
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V. Learning Objectives  
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VI. Time Required  

 
Lessons 1-10 each require a 45- 50 minute class period . 
The lessons do not have to be taught in 8 consecutive class periods.    If the 
lessons are related to more than one unit in your curriculum, it may be time 
efficient to teach Lessons1-5 during one unit and to teach the other lessons at 
another time.  For example, in Forensic Science there is a DNA Unit that occurs 
before the Drugs, Alcohol, and Forensic Toxicology Unit.   
 
Teacher preparation time:  
Lesson 1: 

o 10 minutes  is needed to review power point slides and video links.  
o 5 minutes  is needed to copy student packet.  
o 10 minutes is needed to set up the crime scene in a section of your 

classroom that can remain untouched for 2 days.   
o Set up a cut out of a dead body or chalk drawing of a dead 

body on the f loor with unknown white powders in 5  Petri 
dish containers around it.  

Lessons 2-5:  
o 30 mi nutes is needed the afternoon before or the morning of the lab. 
o See materials list for day 2 & 3. 
o The teacher may decide to make Agarose gels and buffer for running the 

gel, or the students can make these substances while waiting in between 
the various stages need for DNA extraction of hair. 

 
Lesson 6-7: 

o 30 minutes  is needed the afternoon before or the morning of the lab. 
o Use attached labels to set up 8 groups of solutions for the white substance lab. 
o See the materials list for Day 6 & 7. 
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Lesson 8 - 9: 
o 30 minutes  is needed the afternoon before or the morning  

of the lab. 
o See the materials list for Day 8 & 9. 
o Make 7 set-ups that look like the picture to the right. 

 

 
 
Lesson 10: 

o No preparation time required. 
 

VII. Materials  for a class set of 8 groups 
 

Lessons 2-5  Materials  Quantity  Comments 
hairs with roots 3-4 per student Students will use tweezers or their hands to pull out their 

own hair.  Have 2 students in each group of four pull out 
their hair . 

Tweezers (students may be able 
to pull out their own hair 
without it)  

16 2 per group.  Make sure the root is attached. 

Vortex 1 1 container for students to use to fill beakers at their station 
with all the microcentrifuge tubes containing DNA and DNA 
primers 

560C water bath 1  
Centrifuge 1 The class can share 1 and take turns.  If you have a second 

one, it decreases the wait  
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1x TBE buffer 1000 mL This should be enough for 3 classes to make gels and to use 
as gel running bugger. 
This is a 10% Solution. 

P20 & P200  uL micropipettes 8 each  
1.5 mL microcentrifuge tubes 16 per class  
Timer 1 Students can use timers on their phones.  Teacher may also 

set a timer on the board for all students to use. 
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Lessons 6 & 7 Materials  Quantity  Comments 
Aspirin 
 

1 box Use a mortar  and pestle to ground the entire box into a 
powder, 
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This is what each class set should look like.  
Labels for dropper bottles  

 
Methanol 
 

 
Methanol 

 
Methanol 

 
Methanol 

 
Methanol 

 
Methanol 

 
Methanol 

 
Methanol 
 

Hydrochlo
ric Acid 
3.0M 

Hydrochlo
ric Acid 
3.0M 

Hydrochlo
ric Acid 
3.0M 

Hydrochlo
ric Acid 
3.0M 

Hydrochlo
ric Acid 
3.0M 

Hydrochlo
ric Acid 
3.0M 

Hydrochlo
ric Acid 
3.0M 

Hydrochlo
ric Acid 
3.0M 
 

Iron (III) 
Nitrate 
0.1M 

Iron (III) 
Nitrate 
0.1M 

Iron (III) 
Nitrate 
0.1M 

Iron (III) 
Nitrate 
0.1M 

Iron (III) 
Nitrate 
0.1M 

Iron (III) 
Nitrate 
0.1M 

Iron (III) 
Nitrate 
0.1M 

Iron (III) 
Nitrate 
0.1M 
 

Universal 
Indicator 

Universal 
Indicator 

Universal 
Indicator 

Universal 
Indicator 

Universal 
Indicator 

Universal 
Indicator 

Universal 
Indicator 

Universal 
Indicator 
 

 

CONTACT 
DEXTROMETHORPHAN/ 

PSEUDOEPHEDRINE 

CAFFEINE DEXATRIM 
 

PHENYLPROPANOLAMINE 

SUDAFED 
 

PSEUDOEPHEDRINE 

QUININE COMBINED 
STANDARD 

COMBINED 
CONTROL 

 
UNKNOWN 

#1 

 
UNKNOWN 

# 2 

 
UNKNOWN  

#3 

 
UNKNOWN # 4 

 
UNKNOWN 

#5 

 
UNKNOWN 

# 6 

 

Lessons 8 & 9 Materials  Quantity Comments 
Methanol  Use methanol to add to water to create a 50:50 mixture to 

dissolve each chemical listed. 
Ring stands 6 Attach test tube clamps to ring stands. 
Test tube ring stand clamps 6  
Caffeine 
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Sudafed = 
Pseudoephedrine 

1 open 
capsule 

Add one capsule to100 mL of distilled water and 100mL of 
methanol. 

Quinine 1 open 
capsule 

Add one capsule to100 mL of distilled water and 100mL of 
methanol. 

Dexatrim 1 open 
capsule 

Add one capsule to100 mL of distilled water and 100mL of 
methanol. 

Urine or synthetic urine can be 
used 

150 mL Needed per class.  You can use urine or purchase synthetic 
urine. 

7 glass bottles with caps 7  
6 ring stands 6  
6  silica gel plates 6  
6 test tube holder clamps to go 
onto the ring stand 

6  

6 capillary tubes 6  
6 tox elute column 
Filled with diatomaceous Earth 

6 

 
6 spray bottles 6  
6 50 ml beakers 6  
Hair dryer 1  
Eluent solution 2 bottles  
Ninhydrin solution  1 bottle  
Mercury oxide solution   
Rf value cards 6  
Isopropanol   
Simulated urine 1 bottles 1 bottle per class 
0,1 N HCl   
Pipettes 6  
Water bath   
Hood   
UV lamps black light 1 or 7 Groups can share one.  There are little UV flashlights that 

you can give each students. 
Acetone   
Ethyl acetate   
Ammonium hydroxide   
Methanol   
Chloroplantinic acid   
Sulfuric acid 10% solution   
Ethyl acetate   
25mL Graduated cylinders 6  
16 oz glass Mason jar with a lid 6 or 7 The chromatography plate is inside of the Mason jar. 
Capillary tubes 6 per class  
Blow dryer 1  
Combined standard   NO URINE!!! 

10mL of each of these 
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VIII.  Teacher Guide 
Lesson 1 
�x Show students the Power Point  slides # 1-23. 
�x 
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Lesson 3: 
�x Students will put on gloves, goggles, and aprons . 
�x Students will receive a tray containing all the supplies for DNA extraction.  
�x Students will use tweezers to remove hair from two members.  Each 

microcentrifuge tube used for the DNA extraction will receive a  number # 
1-16 so that students will not be able to know the names of each DNA 
extraction.  
 

I.  Isolation of Genomic DNA from Hair 
 

1.  Obtain 3 to 4 hairs with root and sheath attached.  Cut shafts of hair to approximately 2 cm  

lengths and put in 1.5 ml microcentrifuge tube. 

2.  Shake Chelex solution.  While beads are still re-suspended, remove 150 uL and 

add to hairs in microcentrifuge tube. Cellular components contain heavy metal 

ions can interfere with Taq polymerase in PCR reaction.  Chelex binds these 

metal ions and any DNAases that will degrade genomic DNA.   

3.   Place mixtures in vortex or swirl vigorously. Make sure hairs are in the solution. 

4.   Incubate at 56 °C for 5 minutes 

5.   Place mixtures in vortex or swirl vigorously. 

 Make sure hairs are in the solution. 

6.   Incubate at 56° C for another 10 minutes. 

7.   Place mixtures in vortex or swirl vigorously. Make sure hairs are still re-suspended. 

8.   Incubate in boiling water for 10 minutes.  This breaks the cell open.  

9.   Place mixtures in vortex or swirl vigorously and then put on ice for 5 minutes. 

10. Spin in microcentrifuge for 5 minutes. 

11. Slowly and carefully remove tube.  DO NOT disturb the pellet at bottom of tube. 

12. Remove 75 uL of supernatant and place in a fresh tube.  DO NOT transfer any Chelex beads.  

13. Label tubes and place on ice or store in freezer until ready to continue. 

 
Make sure the PCR machine has been programmed . 
Thermocycler settings:  30 cycles 



 20 

�ƒ 72 C for 2 minutes: Taq polymerase will add new bases to make the complementary 
strands.  

 
  II. PCR Reaction Set Up and Amplification 

1.  Use a permanent marker to label a PCR tube supplied by your teacher.   It will contain a 

white bead that contains reagents for the amplification reaction.  Make sure the bead 

dissolves when the DNA is added to the tube.  

2.  Use the matrix below as a checklist while added reagents to the PCR tube.  

 

Write on the  
microcentrifuge tube 

Hair Cell 

DNA 

Upstream primer Downstream primer Total volume 

Period #____  

3 Initials of your 

name 

20 uL  2.5 uL 2.5 uL 25 uL 

 

3.  Close tube cap tightly and place in block of automated thermal cycler. 

NOTE: Keep previous class sets in the refrigerator or on ice until all your classes 
are finished.  You can load all classes into the Thermocycler at the same time and 
then you can leave them there all night.  
 
Lesson 4: 

�x Students will put on gloves, goggles, and 





 22 

5.  Is this individual or class evidence?  Explain your answer.  
Examples of individual evidence are fingerprints, handwriting, DNA patterns, and 
sometimes physical matches, However, most evidence is class evidence; 
characteristics common to a group of similar objects, not to one single object. 

6. Comment on the Frye Standard; the “general acceptance” of this scientific technique.  
Would your scientific investigation hold up in a court of law if you were asked to take the 
stand?   Please include a discussion of your training, the number of times you have done 
this technique, your sterile technique (food, gloves, sterilized lab bench), and laboratory 
procedures you followed (any possible mistakes made during procedure, identify 
possible steps in procedure that you may have accidentally contaminated your sample)? 
Frye Standard Summary : Defendant James Alphonso Frye was convicted of murder 
in the second degree and appealed the decision. The issue presented for 
consideration is that defense counsel offered an expert witness to testify to the result 
of a systolic blood pressure deception test, a rudimentary precursor to the lie 
detector, and was denied. They further offered that a test be conducted in the 
courtroom and were again denied. The prosecution argued that “while the courts will 
go a long way in admitting expert testimony, deduced from a well-recognized 
scientific principle or discovery, the thing from which the deduction is made must be 
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Lesson 6-7: 

�x Show students PowerPoint slides #37- 43. 
�x All students should put on gloves, goggles, and lab aprons. 
�x Use a mortar and pestle to ground up these pills: 

o Aspirin 
o Baking 
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Lesson 8: 
Teacher preparation before the lesson:  
�x Show students PowerPoint slides #44 – 54. 
�x Use a test tube clamp mounted on a ring stand to support each column used.  Place 

a collection beaker under each column.  A 50 or 100 mL beaker should work.  A 
maximum of 50 mL of Eluent solution is collected. 

�x Make 5 different individual “standard” solutions. 
o Dilute the drug samples with 100mL water 100mL methanol mixture.  

Place each in a glass bottle. 
�ƒ Sudafed 
�ƒ Contact 
�ƒ Caffeine pills (or Caffedrine) 
�ƒ Dexatrim 
�ƒ Quinine 
�ƒ Add 20 mL of urine sample and 50 mL of each drug solution.   
�ƒ 6 unknowns need to be made.  Place one drug in each sample. 

You can mix 2 drugs in 2 of the unknowns or leave one unknown 
without drugs. 

�ƒ Label these mixtures unknown # 1-6 
�ƒ Make a control sample that has 60 mL of urine without any drugs. 
�ƒ Make a combined standard by placing 10 mL of each of the 5 samples.   Add 20 mL 

of urine to this combined standard.  
�ƒ Place the water bath inside the fume hood.   The vapors released from these 

samples are toxic and should only be handled within a fume hood. 
 

During the lesson:  
�ƒ Have students read the introduction to the lab. 
�ƒ Teacher will pour 20 mL of the control into the apparatus. 
�ƒ Have students pour 20 mL of their unknown into their apparatus. 
�ƒ Show students Power
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10. Place the collection beakers in a well ventilated area and allow them to 
evaporate overnight. 
If this is not possible because there is not enough time, place the collection 
beakers under a hood into the water bath at approximately 65-70°C.  Allow the 
beakers to evaporate until they are dry. 
 

Lesson 9: 
Part II: Prepare the developing chamber and the chromatography plate . 

1. Take a16 oz glass Mason jar with a lid.  The jar will hold the 2” x 4” 
chromatography plate. 

2. The Teacher will prepare the developing solvent by adding ethyl acetate, 
methanol, and concentrated ammonium hydroxide together in a ratio of 17:2:1. 

�x Get a small bottle or a 50 -100 mL beaker. 
�x Add 34 mL ethyl acetate. 
�x Add 4 mL methanol. 
�x Add 2 mL concentrated ammonium hydroxide. 
�x This will be sufficient for 5 mL of the developing solvent for 1 class. 
�x Double these measurements and there will be 3 mL for each group of 6 

set-ups.  This will be enough for 3 classes.  
3. Add 3-5 mL of the developing solvent to each chromatography chamber. 

The solvent must cover the bottom of the 16 oz Mason jar = Chromatography 
chamber.   

4. Take a 5 x 10 cm chromatography plate.  Use a sharp pencil to scribe 2 lines 
about 1.5 cm apart and down the entire 10cm length of the plate. 

5. The 3 tracks will provide room for: 
�x One student urine sample 
�x One standard 
�x One control 

The tracts keep the drug spots separated during development. 
6. Use the pencil to make a light mark at the 9 cm height on the chromatography 

plate. 
7. Heat the chromatography plate for 3 minutes with a blow dryer on the highest 

setting (90 °C or 200°C). 
 

Part II I:  Reconstitution  
1. Add 3 drops of methanol in each totally evaporated collection beaker to 

reconstitute the drug mixture.   
2. Swirl the collection beaker slightly to allow the methanol to contact the entire 

drug residue.  

Unknown sample 
Standard 
Control 
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Spot the unknown section of the chromatography plate:  
Unknown sample 
Standard 
Control 

 
3. Place the top of a 20 uL capillary tube into the methanol/drug mixture.  Allow 

the fluid to rise as high as possible in the capillary by normal capillary attraction. 
This should be at least 1” in height  in the tube 

a. Bring the tip of the capillary tube into the same spot on the 
chromatography plate about 1.5-2 cm from the bottom of the plate.   

b. Make small spots the size of a “0.” 
c. Allow each spot pressed by the capillary tube to dry before allowing the 

capillary to redeposit its next spot on the top of the previous spot. 
 
Spot the combined standard section of the chromatography plate:  

Unknown sample 
Standard 
Control 

 
4. Place the top of a 20 uL capillary into the “combined standard” mixture.  Allow 

the fluid to rise as high as possible in the capillary by normal capillary attraction. 
This should be at least 1” in height in the tube . 

a. Bring the tip of the capillary tube into the same spot on the 
chromatography plate about 1.5-2 cm from the bottom of the plate.   

b. Make small spots the size of a “0.” 
c. Allow each spot pressed by the capillary tube to dry before allowing the 

capillary to redeposit its next spot on the top of the previous spot.   
 

Spot the control section of the chromatography plate:  
Unknown sample 
Standard 
Control 

 
5. Place the top of a 20 uL capillary into the “control” beaker.  Allow the fluid to rise 

as high as possible in the capillary by normal capillary attraction. 
This should be at least 1” in height in the tube . 

a. Bring the tip of the capillary tube into the same spot on the 
chromatography plate about 1.5-2 cm from the bottom of the plate.   

b. Make small spots the size of a “0.” 
c. Allow each spot pressed by the capillary tube to dry before allowing the 

capillary to redeposit its next spot on the top of the previous spot.   
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Now, the test chromatography plate contains samples on all three sections. 
 Unknown sample 
Standard 
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Part V: Visualization 
Solution  RF value Color Place on the 

chromatography plate  
Ninhydrin , 
phenylpropanolamine  

0.55 
 

  

pseudo ephedrine  
 

 0.35 Bright Pink or 
magenta 

Brown spot  

Mercury sulfate  N/A  Will turn purple 
before drying  

 

Dextromethorphan  0.55 Brown spot  Brown spot  
Quinine  0.63 Brown spot  

 
Under black light it 
fluoresces  

Brown spot highest on the 
chromatography plate  

Caffeine 0.67 Greenish white  The highest of the three 
drugs on the 
chromatography plate  

Valium  and Librium   Under a black light will 
fluoresces  

 

 

 
http://www.marz -kreations.com/Chemistry/Chromatography/Dyes/RF -Values.html  
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IX.  Student Handouts  
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Name: ___________________________________ 
 
Instructions:  

 Create a list of items that should be collected as evidence.  
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________ 
 

 How would you collect, store, and document the evidence recovered?  
_____________________________________________________________________________________________
_____________________________________________________________________________________________
_____________________________________________________________________________________________ 
 

 What questions need to be answered to solve the crime?  
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DNA Fingerprinting and PCR 
BACKGROUND 

When Crime Scene Investigators (CSI’s) arrive at the scene many times the sample left behind 
is not a fingerprint.  Most fingerprints are partial prints and are not good enough to match a 
potential suspect to a crimescene.  Blood or hair is readily available at crime scenes, even if 
found in very small samples.  Before CSI's can compare DNA found at the crime scene to the 
DNA collected from possible suspects, they usually have to use polymerase chain reactions 
(PCR) to amplify the trace amounts of DNA found at the crime scene. 

Forensic scientists use a technique developed by molecular geneticist Dr. Ray White in 1980, 
known as "DNA fingerprinting."  In 1986, PCR was first used during a criminal case in the 
United States.  The case “Pennsylvania vs. Pestinikas,” involved an allegation of a funeral home 
in Pennsylvania that was accused of switching body parts. 
(http://www.nfstc.org/pdi/Subject01/pdi_s01_m02_01.htm) 

In 1987, DNA fingerprinting was first used by the criminal justice system in England during the 
“Footpath Murders.”  The police investigating the case were thrilled to hear what Alec Jeffreys 
was doing with DNA profiling and wanted to solidify their case with this new technology.  They 
asked Alec Jeffery’s to examine Richard Buckland’s DNA and compare it to the DNA sample left 
behind in one of the victims clothing.  The analysis led to a conclusion the police officers had 
not anticipated.  Instead of corroborating his testimony, the DNA analysis revealed that 
Richard Buckland was not a match. This evidence was used to exonerate Richard Buckland who 
made a false confession about raping and murdering two teenage girls after hours of 
interrogation by Leicester police in England.  Analyzing the DNA from the victims clothing also 
allowed the police to know a little more about their suspect.  He was a male with Type A 
blood, and he also had a rare enzyme found in 10% of the local male population.  They 
eventually did get the correct man, Colin Pitchfork.  The wonderful thing about DNA 
fingerprinting is that it can be used to prove guilt and innocence. 
(http://www.trutv.com/library/crime/criminal_mind/forensics/dna/2.html)  

CODIS is a DNA database used by police and FBI to identify DNA found at the crime scenes with 
known suspects.  This process relies on probability.  The FBI has identified 13 short tandem 
repeats (STR) that are useful to identify or exonerate criminals.  The number of repeats within 
an STR is referred to as an allele of the gene in that individual.  The FBI determined that the 
probability of two unrelated Caucasians having identical alleles at all 13 STRs is approximately 
1 in 575 trillion (Reilly, 2001). We will analyze one STR called the Alu insertion.  When it is 
present it makes an allele that is approximately 400 base pairs 
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Remember it is just as important to eliminate a possible suspect as it is to find the correct 
criminal. 

 

 

 

 

 

Well A:  
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Image 



 37 

II. PCR Reaction Set Up and Amplification 

1.  Use a permanent marker to label a PCR tube supplied by your teacher.   It will contain a 

white bead that contains reagents for the amplification reaction.  Make sure the bead 

dissolves when the DNA is added to the tube.  

2.  Use the matrix below as a checklist while adding reagents to the PCR tube.  

Write on the  
microcentrifuge tube 

Hair Cell 

DNA 

Upstream primer Downstream primer Total volume 

Period #____  

3 Initials of your 

name 

20 uL  2.5 uL 2.5 uL 25 uL 

 

3.  Close tube cap tightly, and place in block of automated thermal cycler. 

Thermocycler settings:  30 cycles 

o 94 °C for 1 minute:  The double stranded DNA is denatured to single strands. 

o 58 °C for 2 minutes: The primers attach to specific DNA sequences of single strands. 

o 72 °C for 2 minutes: Taq polymerase add new bases to make the complementary strands.  

 

III. 2.0% Agarose Gel Preparation 

1. Carefully, pour agarose solution into the gel casting tray to fill to a depth of 5 mm.  

The gel should cover about one-third of the height of the comb teeth.  

2. Answer questions # 4-8 while you are waiting for your gel to solidify. 
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Name ___________________ 
 
 Results and Discussion 
1.  After a photograph of your gel has been taken, orient the photograph with the sample 

wells at the top.  
2.  Attach photo in space provided and label the lanes 1 through 8, noting which lanes were 

designated for the ladders and which ones for student samples. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 3.  Using the DNA ladders as a guide, view the student sample lanes and note any allele 
bands.   
 
Note:  it is possible that the primers may have been amplified themselves creating a primer dimmer.   
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 Totals     
5. 
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10. Comment on the Frye Standard, the “general acceptance” of this scientific technique.  Would 
your scientific investigation hold up in a court of law if you were asked to take the stand?   
Please include a discussion of your training, the number of times you have done this technique, 
your sterile technique (food, gloves, sterilized lab bench, etc.), and laboratory procedures you 
followed (any possible mistakes made during procedure, identify possible steps in procedure 
that you may have accidentally contaminated your sample)? 
 
_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

_____________________________________________________________________________________

_____________________________________________________________________________________
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4. Record the color observed in the chart for the unknown; even if the color stays 
the same. 

5. In order to calculate the pH of the known substance.  Place the pH stick into the 
section of the cell culture plate containing water. 
  

6. Now repeat steps #2�Æ6 until all the known substances are filled out on the 
table.  Remember record the observed color, even if there is no color change. 
 

7. Now repeat steps # 2�Æ 6 with each unknown.  Remember record the observed 
color onto the chart, even if there is no color change. 

White 
Substances 

Benedicts 
Solution  
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RESULTS: 
Identify each unknown white powder found at the crimescene.  Describe the 
�–�‡�•�–���•�����–�Š�ƒ�–���ƒ�Ž�Ž�‘�™�‡�†��you to reach this conclusion . 
 
Unknown #1: 
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________ 
 
Unknown #2: 
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________ 
 
Unknown #3: 
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________ 
 
Unknown #4: 
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________ 
 
Unknown #5: 
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________ 
 
What type of test did you perform? 
_____________________________________________________________________________________________________
____________________________________________________________________________________________________ 
 
Do you feel your group used great laboratory technique?  Explain why or why not? 
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________ 
 
Explain how color indicator test may be useful to CSI out in the field. 
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________ 
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Name: _______________ 
Team Members: __________________________________________________________ 
Period: ___ 
Please wear: 
 
 

 
 
 

Urinalysis and Thin Layer Chromatography  
 

Thin Layer Chromatography is  used to detect the presence of drugs contained 
within a urine sample.  A “control”  urine sample is compared to other urine samples.  
The other urine samples will be called unknowns #1-6.   These unknown urine 
samples could possibly contain Caffeine, Dextromethorphan/ pseudoephedrine, 
Dexatrim, Sudafed, or Quinine.  The “control” and unknown urine samples are added 
to a Tox Elut® column 
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�x Drug Extraction  is the urine sample containing drugs.  It is poured through a 

column of diatomaceous earth.  The diatomaceous earth has been buffered to 

a pH = 9.  The drugs are later removed by pouring a mixture of 

dichloromethane, isopropanol, and ethyl acetate through the column.  The 

drugs were previously dissolved in this mixture, the urine materials are left 

behind in the Tox Elut® column filled with diatomaceous Earth.  The drug 

solution emerging from the column will appear as a spot on the 

chromatography plates. 

�x Eluent
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Procedure:  
Part I : Extracting the drugs from unknown urine samples  

1. Make sure that you have identified your unknown solution.  Unknown # ______ 
2. Take a look at the control solution and make sure that you have: 

�x A test tube clamp 
�x Ring stand 
�x 50 or 100 mL beaker  
�x Bottle container with unknown number matching your diatomaceous 

earth 
�x Graduated cylinder 

3. Observe the teacher pour 20 mL of the control into the container labeled control.  
This sample contains no drugs. 
 

4. Why do we need a control? 
_____________________________________________________________________________________________
_____________________________________________________________________________________________ 

 
5. What is the difference between a control and an unknown? 

_____________________________________________________________________________________________
_____________________________________________________________________________________________ 

 
6. Pour 20 mL of the unknown into the column containing diatomaceous earth. 
7. The drugs we are trying to identify are: 

 

 
 

8. Label a 50 – 100 mL collection beaker with the unknown number. 
9. Place the 50-100 mL collection beaker under the column. 
10. After the columns have stopped dripping (approximately 10 minutes) remove 

the collection beakers from underneath the columns. 
11. Place the collection beakers in a well -ventilated area and all ow them to 

evaporate over night.  If this is not possible because there is not enough 
time , place the collection beakers under a fume hood into the water bath at 
approximately 65 °C -70°C.  Allow the beakers to evaporate into dryness.  
 

�x 
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Part II: Prepare the developing chamber and the chromatography plate . 
 

1. Take a 16 oz glass Mason jar with a lid.  The jar will hold the 2” x 4” 
chromatography plate. 

2. Add 3-5 mL of the developing solvent  to each chromatography chambers. 
3. The solvent must cover the bottom of the 16 oz Mason jar = Chromatography 

chamber.   
4. Take a 5 x 10 cm chromatography plate.  Use a sharp pencil to scribe 2 lines 

about 1.5 cm apart and down the entire 10cm length of the plate. 
5. The 3 tracks will provide room for: 

�x One urine sample 
�x One standard 
�x One control 
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Part V: Visualization 
Solution  RF value Color  Place on the 

chromatography plate  
Ninhydrin, 
Phenylpropanolamine  

0.55 
 

  

Pseudo ephedrine  
 

 0.35 Bright Pink or 
magenta 

Brown spot  

Mercury sulfate  N/A  Will turn purple 
before drying  

 

Dextromethorphan  0.55 Brown spot  Brown spot  
Quinine  0.63 Brown spot  

 
Under black light it 
fluoresces  

Brown spot  highest on the 
chromatography plate  

Caffeine 0.67 Greenish white  The highest of the three 
drugs on the 
chromatography plate  

Valium  and Librium   Under a black light will 
fluoresces  
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Teacher will place these solutions into spray bottles,  because they are toxic. They 
are corrosive  to the skin, to the eyes, and mucous  membranes.  

Ninhydrin,  
Iodoplatinate 
Diphenylcarbasone 

 
Mercuric sulfate is a poison . 
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b. Calculate the distance of a spot from the origin.  Label this value SD 
c. Calculate the distance of the solvent front from the origin. Label this value 

SF. 
d.  SD /SF = RF value 
e. Carefully, compare the Rf values and colors of the “control” to the Rf 

values and colors listed on the Rf card 
f. Identify all spots on the chromatography chard.  If any are missing, ask 

your teacher to help you. 
3. Identify the drugs present in the “unknown” that you have measured. 
4. Share your results with the class. 
5. Label the spots of all of the unknowns on the sample below. 
6. Write your calculated Rf on the chart for the class. 

Results 
 
Unknown sample 
 
 
Standard 
 
 
Control 
 

 
Sample SF SD RF = SD/SF Identification of drugs 

in urine 
Unknown #1  

 
   

Unknown #2  
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	If you are having a hard time finding these supplies in your school, there is a kit by Carolina with some of these reagents, but it may not be enough for more than one class and may contain fewer than 8 class sets.  This can all be purchased in a kit ...

