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Review the safety materials and wear goggles when  
working with chemicals. Read the enƟre eǆercise 
before you begin. dake Ɵme to organiǌe the materials 
you will need and set aside a safe work space in 
which to complete the eǆercise.

�ǆperiment ^ummary͗ ^tudents will become familiar 
with arson invesƟgaƟon͕ arson chemistry͕ and 
the basic concepts of gas chromatography used 
to analyǌe the evidence collected in arson cases. 
^tudents will solve a simulated arson case by matching 
hypotheƟcal crime scene gas chromatograms 
against a database of chromatograms.
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Objectives
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Materials

QTY

1
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Discussion and Review
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carrier gas
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Abundance

1300000

1200000

1100000

1000000

900000

800000

700000

600000

500000

400000

300000

200000

100000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

53

2
1

4

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes
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dhe owner͗

dhe warehouse manager͗

� recently laidͲoī warehouse worker͗
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dhe warehouse manager͗

� recently laidͲoī warehouse worker͗
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BP Regular Unleaded gasoline 

 

 

Generic  gasoline 
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dhe owner͗

dhe warehouse manager͗

� recently laidͲoī warehouse worker͗

Experiment  

BP Regular Unleaded gasoline

Abundance
2600000

2400000

2200000

2000000

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

3

2

1

4

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: toluene

2: m,p-xylene

3: m,p-ethyltoluene

4: 1,2,4-trimethylbenzene

TIC: 00000006.D

Generic gasoline

Abundance

3500000

3000000

2500000

2000000

1500000

1000000

500000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

3

2

1

4

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: toluene

2: ethylbenzene

3: m,p-xylene

4: o-xylene

5: 1,2,4-trimethylbenzene

TIC: 00000444.D

5



dhe owner͗

dhe warehouse manager͗

� recently laidͲoī warehouse worker͗
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Chevron Aviation Gasoline 100 LL 

 

 

Klean Strip Klean Kutter Remover 
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dhe owner͗

dhe warehouse manager͗

� recently laidͲoī warehouse worker͗
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Phillips 66 Regular Unleaded gasoline

Abundance
2000000

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

3

2

1

4

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: toluene

2: ethylbenzene

3: m,p-xylene

4: 1,2,4-trimethylbenzene

TIC: 00000105.D

Chevron Aviation Gasolin 100 LL

Abundance

9000000

8000000

7000000

6000000

5000000

4000000

3000000

2000000

1000000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

3

2

1

4

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: 2,3-dimethylpentane

2: 2,2,4-trimethylpentane

3: 2,3,4-trimethylpentane

4: toluene

5: 2,2,5-trimethylhexane

TIC: 00000042.D

5

Klean Strip Klean Kutter Remover

Abundance

4500000

4000000

3500000

3000000

2500000

2000000

1500000

1000000

500000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

1

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: toluene

TIC: 00000025.D



dhe owner͗

dhe warehouse manager͗

� recently laidͲoī warehouse worker͗
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Klean Strip Lacquer Thinner 

 

 

EZ Lacquer Thinner 

 

 

Sunnyside Lacquer Thinner 
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dhe owner͗

dhe warehouse manager͗

� recently laidͲoī warehouse worker͗
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Klean Strip Lacquer Thinner

Abundance

6000000

5000000

4000000

3000000

2000000

1000000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

3

2

1

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: toluene

2: methylcyclohexane

3: n-heptane

TIC: 00000028.D

EZ Lacquer Thinner

Abundance

9000000

8000000

7000000

6000000

5000000

4000000

3000000

2000000

1000000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

1

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: n-heptane

2: methylcyclohexane

3: toluene

TIC: 00000003.D

2

3

Sunnyside Lacquer Thinner

Abundance

7000000

6000000

5000000

4000000

3000000

2000000

1000000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

3

2

1

4

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: 2-methylhexane

2: 3-methylhexane

3: n-heptane

4: toluene

TIC: 00000152.D



dhe owner͗

dhe warehouse manager͗

� recently laidͲoī warehouse worker͗
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Klean Strip Turpatine 

 

Lamplight Farms Lamp Oil 

 

 

WD‐40 
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dhe owner͗

dhe warehouse manager͗

� recently laidͲoī warehouse worker͗

Experiment  

Klean Strip Turpatine

Abundance

9000000

8000000

7000000

6000000

5000000

4000000

3000000

2000000

1000000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

1

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: m,p-ethyltoluene

2: 1,2,4-trimethylbenzene

3: terpinene

4: limonene

TIC: 00000029.D
2 3

4

Lamplight Farms Lamp Oil

Abundance
6000000

5500000

5000000

4500000

4000000

3500000

3000000

2500000

2000000

1500000

1000000

500000

3

21
4

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: 2-methylundecane

2: 2,6-dimethylundecane

3: n-tetradecane

4: n-pentadecane

TIC: 00000032.D

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

WD-40

Abundance

3500000

3000000

2500000

2000000

1500000

1000000

500000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

3

2

1

4

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: n-nonane

2: propylcyclohexane

3: n-decane

4: 4-methyldecane

TIC: 00000134.D



dhe owner͗

dhe warehouse manager͗

� recently laidͲoī warehouse worker͗
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Canadian Northern Charcoal starter 

 

Ace Charcoal Lighter 

Premium Charcoal Lighter 
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dhe owner͗

dhe warehouse manager͗

� recently laidͲoī warehouse worker͗

Experiment  

Canadian Northern Charcoal starter

Abundance

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

1

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: 2,6-dimethyloctane

2: 2-methylnonane

3: 3-methylnonane

4: n-decane

5: 4-methyldecane

TIC: 00000359.D

2
3

4

5

Ace Charcoal Lighter

Abundance

4500000

4000000

3500000

3000000

2500000

2000000

1500000

1000000

500000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

1

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: 2,2,6-trimethyloctane

2: 3-methyl-5-propylnonane

TIC: 00000270.D

2

Premium Charcoal Lighter

Abundance

4500000

4000000

3500000

3000000

2500000

2000000

1500000

1000000

500000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

1

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: 4-methylnonane

2: 2,2,6-trimethyloctane

3: 4-methyldecane

4: 2,2,8-trimethyldecane

TIC: 00000331.D2

3

4



dhe owner͗
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 www.HOLscience.com  ©Hands-On Labs, Inc.  

Condea Vista LPA Solvent 

 

 

STP Gas Treatment 

 

STP Diesel Fuel Treatment 
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dhe owner͗

dhe warehouse manager͗

� recently laidͲoī warehouse worker͗
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Condea Vista LPA Solvent

Abundance
1400000

1300000

1200000

1100000

1000000

900000

800000

700000

600000

500000

400000

300000

200000

100000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

2

1

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: 1,2,4-trimethylbenzene

2: decahydronaphthalene

TIC: 00000397.D

STP Gas Treatment

Abundance
2400000

2200000

2000000

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

3

2

1

4

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: 1,2,4-trimethylbenzene

2: n-decane

3: n-undecane

4: n-dodecane

5: n-tridecane

TIC: 00000015.D

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

5

STP Diesel Fuel Treatment

Abundance

2400000

2200000

2000000

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

32

1

4

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: n-decane

2: n-undecane

3: n-dodecane

4: n-tridecane

5: n-tetradecane

TIC: 00000017.D

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

5



dhe owner͗

dhe warehouse manager͗

� recently laidͲoī warehouse worker͗
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Penske Fuel Injector/Carburetor cleaner 

 

 

Chevron High Sulfur Diesel Fuel #2 

 
 
 
Hess Diesel Fuel 
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dhe owner͗

dhe warehouse manager͗

� recently laidͲoī warehouse worker͗

Experiment  

Penske Fuel Injector/Carburetor cleaner

Abundance

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

1

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: n-nonane

2: n-decane

3: n-undecane

4: n-dodecane

5: n-tridecane

TIC: 00000020.D
2

3

4
5

Chevron High Sulfur Diesel Fuel #2

Abundance
5500000

5000000

4500000

4000000

3500000

3000000

2500000

2000000

1500000

1000000

500000

3

2
1

4

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: n-hexadecane

2: n-heptadecane

3: pristane

4: n-octadecane

5: phytane

TIC: 00000049.D

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

5

Hess Diesel Fuel

Abundance
1300000

1200000

1100000

1000000

900000

800000

700000

600000

500000

400000

300000

200000

100000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

TIC: 00000300.D

1: n-tridecane

2: n-tetradecane

3: n-pentadecane

4: n-heptadecane

5: n-octadecane

3

2
1

4

5



dhe owner͗
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Sunnyside Kerosene 

 
 
 
 
 
 
 
Exxon Turbo Fuel Jet A 
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dhe owner͗

dhe warehouse manager͗

� recently laidͲoī warehouse worker͗

Experiment  

Sunnyside Kerosene

Abundance

2200000

2000000

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

32

1

4

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: n-decane

2: n-undecane

3: n-dodecane

4: n-tridecane

5: n-tetradecane

TIC: 00000156.D

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

5

Exxon Turbo Fuel Jet A

Abundance

2400000

2200000

2000000

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

32

1

4

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: n-decane

2: n-undecane

3: n-dodecane

4: n-tridecane

5: n-tetradecane

TIC: 00000111.D

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

5
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Abundance

4500000

4000000

3500000

3000000

2500000

2000000

1500000

1000000

500000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

1

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: 2,2,6-trimethyloctane

2: 3-methyl-5-propylnonane

TIC: 00000270.D

2

Abundance

7000000

6000000

5000000

4000000

3000000

2000000

1000000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

3

2

1

4

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: 2-methylhexane

2: 3-methylhexane

3: n-heptane

4: toluene

TIC: 00000152.D
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Abundance

9000000

8000000

7000000

6000000

5000000

4000000

3000000

2000000

1000000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

1

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: n-heptane

2: methylcyclohexane

3: toluene

TIC: 00000003.D

2

3

Abundance
6000000

5500000

5000000

4500000

4000000

3500000

3000000

2500000

2000000

1500000

1000000

500000

3

21
4

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: 2-methylundecane

2: 2,6-dimethylundecane

3: n-tetradecane

4: n-pentadecane

TIC: 00000032.D

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00
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Abundance

4500000

4000000

3500000

3000000

2500000

2000000

1500000

1000000

500000

Time(s) 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00

1

C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 
Alkanes

1: 4-methylnonane

2: 2,2,6-trimethyloctane

3: 4-methyldecane

4: 2,2,8-trimethyldecane

TIC: 00000331.D2

3

4



 

Lab Report Assistant

Questions
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Explosives and Explosive 
Residues
Hands On Labs, Inc. - consulƟng & content contribuƟon 
from: Richard Tewes, CSCSA, CFWE, CBPE  

Version 42-0170-00-02

Review the safety materials and wear goggles when  

working with chemicals. Read the enƟre exercise 
before you begin. Take Ɵme to organize the materials 
you will need and set aside a safe work space in 

which to complete the exercise.

Experiment Summary: 

Students will review the chemistry of explosives 
and explosive residues and will perform spot tests 
on “explosive residue” samples for the presence or 
absence of ions oŌen found in explosives, such as 
aluminum, nitrate, and nitrite ions. 

EXPERIMENT

 © Hands-On Labs, Inc. www.HOLscience.com 1141



Objectives

 ● To review the chemistry of most common explosives

 ● To perform chemical tests for the presence or absence of ions commonly found in explosive 

residues

Time Allotment: 2 hours

 www.HOLscience.com 2  ©Hands-On Labs, Inc.  
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Materials

MATERIALS QTY ITEM DESCRIPTION
Student Provides: 1 DisƟlled water

LabPaq Provides: 1

1

1

1

1

1

1

1

1

1

1

1

1

0.5 M Potassium nitrite, KNO
2 
– 2mL in pipet

0.1 M Aluminum nitrate - Al(NO
3
)

3 
– 2mL in pipet

Unknown #1– 2mL in pipet

Unknown #2– 2mL in pipet

0.1 M Iron II sulfate – 2mL in pipet 

1 M Sulfuric acid – H
2
SO

4– 
2mL in dropper boƩle

Griess Reagent A – 2mL in dropper boƩle

Griess Reagent B – 2mL in dropper boƩle

Aluminon reagent – 2mL in pipet

3 M Ammonium acetate – 2mL in pipet

3 M Aqueous ammonia – 2mL in dropper boƩle

Porcelain spot plate – 6 wells

Empty pipet, 4 mL

Note: The packaging and/or materials in this LabPaq may diīer slightly from that which is listed 
above. For an exact lisƟng of materials, refer to the Contents List form included in the LabPaq.
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Discussion and Review

Explosives are materials that undergo rapid exothermic oxidaƟon reacƟons that produce large 
amounts of gas. Because these reacƟons take place in conĮned spaces, the gas pressure rapidly 
increases, causing the explosion. DetonaƟon refers to the igniƟon of an explosive device.

Most bombings involve an Improvised Explosive Device (IED) (Figure 1). Explosions from these 

homemade bombs will produce characterisƟc damage to the surrounding area and will leave 
debris consisƟng of bomb components and fragments of surrounding objects and structures. 
As part of an invesƟgaƟon, forensic scienƟsts analyze the debris and explosive residues through 
chemical and other means to determine which type of explosive was used in a parƟcular incidence.

Figure 1: Unexploded IED. Courtesy of Richard Tewes.

Pyrotechnics are explosives that produce smoke, light, heat, and/or sound. They are occasionally 

used in bombs and arson, and include Įreworks, Ňares, and matches. The combusƟon of 
propellants produces a controllable release of gas which can be used to propel a bullet or a rocket. 

Examples of propellants include gunpowder, solid and liquid rocket fuels, and gasoline. When 

conĮned within a small space such as a metal container, propellants will rupture the container 
and disperse shrapnel and can therefore be used in simple bombs. There are two main categories 

of explosives: Low explosives have a combusƟon speed that is lower than the speed of sound. 
High explosives have a speed of combusƟon faster than the speed of sound causing an almost 
instantaneous energy release and a wide dispersal of shrapnel. Examples of high explosives 

include nitroglycerin, TNT, and C4.
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Table 1. 

Explosive Category Explosive Major components
Low explosives black powder potassium nitrate, charcoal, sulfur

smokeless powder:

   single base – 

   double base –

   triple base – 

Nitrocellulose (NC)

NC + nitroglycerin (NG)

NC + NG + nitroguanidine
High explosives: 
Primary

nitroglycerin 1,2,3-trinitroxypropane

mercury fulminate Hg(CNO)
2
 - Mercury in nitric acid + 

ethanol

silver azide AgN
3– 

colorless solid

TATP triacetone triperoxide

High explosives:

Secondary

dynamite NG, ammonium and sodium nitrate, 

dinitrotoluene, etc.

DNT Dinitrotoluene

TNT 2.4.6-Trinitrotoluene

PETN Pentaerythritol pentanitrate

RDX cyclotrimethylene-trinitramene

HMX cyclotetramethylene-

tetranitramene

C4 RDX + diethylhexyl (plasƟcizer) + mo-

tor oil 

Tetryl 2,4,6-trinitrophenylmethylnitramine

Tovex (water gels) aqueous ammonium nitrate + methyl-
ammonium nitrate

Semtex PETN + RDX
High explosives:

TerƟary

ANFO ammonium nitrate + fuel oil
ANNM ammonium nitrate + nitromethane

Primary explosives are highly reacƟve to shock, heat, and fricƟon, and thus easily detonated. 
Nitroglycerin, mercury fulminate, and silver azide are examples. They are oŌen used as primers to 
detonate a main explosive charge. Secondary explosives are less sensiƟve to heat and shock and 
can withstand rough handling. They require an iniƟator such as a blasƟng cap or electronic match 
to detonate. Dynamite, TNT, RDX, PETN (Pentaerythritol tetranitrate), and C4 are all examples of 
secondary explosives.
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Finally, terƟary explosives require the detonaƟon of a secondary explosive to iniƟate detonaƟon 
because they are so insensiƟve to shock. TerƟary explosives are commonly used in mining, 
construcƟon, and terrorism. They include ammonium nitrate, ammonium perchlorate, and 
mononitrotoluene. ANFO (ammonium nitrate and fuel oil) is a common example. Timothy 

McVeigh and Terry Nichols used ANFO and ANNM (ammonium nitrate and nitromethane, a 

modiĮed ANFO) in the Oklahoma City bombing of the Murrah Federal Building (Figure 2).

Figure 2: Oklahoma City federal building parƟally destroyed by an ANFO 
truck bomb. Courtesy of US Army Corps of Engineers.

Dynamite is an explosive frequently used in explosive devices. Originally 

developed by Alfred Nobel, it consists of three parts nitroglycerine, one part 

diatomaceous earth, and a small amount of sodium carbonate. (The addition 

of the diatomaceous earth stabilizes nitroglycerine (which is highly unstable 

otherwise). Originally, dynamite was then formed into sticks, wrapped in 

paper, and a fuse was attached. In modern dynamite, referred to as ammonia 

dynamite, ammonium and/or sodium nitrate and various carbon-based fuels 

are substituted for part of the nitroglycerin. The fuse has been replaced by 

electronic detonators.
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Improvised explosive devices use whatever explosive agents that are readily available. For 

example, the pyrotechnic mixture in road Ňares or potassium chlorate from Įreworks can be 
sealed in a container to create a pipe bomb. HMTD (hexamethylene triperoxide diamine) and 

TATP (triacetone triperoxide) are both highly sensiƟve primary explosives that are employed in 
terrorist aƩacks, such as suicide bombings. The highly reacƟve nature of TATP has earned it the 
nickname “Mother of Satan” by some terrorist groups. Hypergolic devices take advantage of the 

violent reacƟon produced when certain chemicals are combined, for example, sugar and sulfuric 
acid; potassium permanganate and hydrogen peroxide, or potassium permanganate and glycerin. 

Aluminum powder is oŌen added to explosives to increase total energy and explosive eīect. In 
current and former war zones, unexploded ordnance (UXO) is obtained from the millions of tons 
of bombs which have been dropped into the baƩleĮeld and failed to detonate. UXO is one of the 
most commonly-used sources of explosives found in IEDs in war zones.

Explosive device components

In addiƟon to an explosive compound, explosive devices generally consist of the following 
components: power source, iniƟator, and trigger or switch. Many explosive devices contain an 
electric iniƟator, and therefore, require a power source, typically a baƩery. IniƟators include 
safety fuses, electric matches, blasƟng caps, modiĮed Ňash bulbs, or anything that can produce 
heat, sparks, Ňames, or small explosions. Triggers or switches are the means by which explosive 
devices are set oī. When the switch is acƟvated, the circuit is closed, the baƩery is connected 
with the iniƟator, and the detonaƟon takes place. See examples of explosive devices in Figure 3 
and 4. 

Figure 3: Unexploded pipe bomb. Courtesy of Richard Tewes.
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Figure 4: Unexploded IED with circuit board. Courtesy of Rich Tewes.

Laboratory analysis of explosives

An explosion can generate large quanƟƟes of evidence: blast crater, bomb components (Figure 5), 
Ɵmer, casing, explosives residue, and vehicle parts (if a vehicle bomb was used). All of these are 
valuable to the forensic invesƟgator. 

Figure 5: Recovered bomb components aŌer explosion. 
Courtesy of Richard Tewes.

The most common methods of explosive residue analysis include macroscopic and microscopic 

examinaƟon, using opƟcal and scanning electron microscopy (SEM) on bulk samples, and 
transmission electron microscopy (TEM) on thin secƟons; wet chemical analyses via chemical 
spot tests and TLC (thin-layer chromatography), instrumental analyses via X-ray diīracƟon, and 
various forms of spectroscopy including gas chromatography/mass spectroscopy (GC/MS). 
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A scanning electron microscope (SEM) produces a magniĮed image by scanning a sample with 
a high-energy electron beam. The resulƟng magniĮcaƟon can be as high as 500,000x and allows 
for a very detailed examinaƟon of the sample. Transmission electron microscopy (TEM) is similar 
to scanning electron microscopy, except that the electron beam is transmiƩed through a thin-
secƟon of the sample.

Thin-layer chromatography (TLC) is a simple chemical technique that can separate a mixture 
into its various components. An absorbent-coated glass or plasƟc sheet is spoƩed near the base 
with a small sample to be separated. The base of the plate is placed into a solvent-containing 

development chamber and the upward movement solvent will separate the compound 

mixture into its components. (This technique is very similar to paper chromatography, where 

chromatography paper is used in place of the coated plasƟc or glass plate.)

Gas chromatography (GC) and mass spectrometry (MS): Gas chromatography is a common 

technique used to separate gaseous components of a mixture. A small amount of gaseous or 

liquid sample is injected into the heated injecƟon port of the gas chromatograph. The various 
components of the injected compound travel at diīerent speeds through the staƟonary phase 
and therefore arrive at a thermal-conducƟvity (TCD) or Ňame-ionizaƟon (FID) detector at diīerent 
Ɵmes. From the detector, the signal is sent to a chart printer where it is recorded as a peak. OŌen, 
a gas chromatograph is coupled with a mass spectrometer (MS), so that individual peaks on the 

gas chromatogram can be analyzed by the mass spectrometer.

Thermal desorpƟon gas chromatography is a specialized from of gas chromatography, where 
a vapor sample is passed through a heated thermal desorpƟon tube before entering the gas 
chromatograph. Figure 6 is an example of a gas chromatogram of an explosives standard.

Figure 6: Thermal desorpƟon GC/MS spectrum of an explosives standard containing 
the following explosives (using a capillary column): 1. Nitrobenzene; 2. 2-nitrotoluene; 
3. 3-nitrotoluene; 4. 4-nitrotoluene; 5. 2,6-dintrotoluene; 6. 1,3-dininitrobenzene;  7. 

2,4-dinitrotoluene; 8. TNT; 9. 1,3,5-trinitrotoluene; 10. 4-amino-2,6-dinitrotoluene; 11. 2-amino-

4,6-dinitrotoluene. Data from Shomo et al. 2007.
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For example, the black powder reacƟon, 10KNO
3
 + 8C + 3S → 2K

2
CO

3
 + 3K

2
SO

4
 + 6CO

2
 + 5N

2
 + heat, 

creates a residue consisƟng primarily of potassium sulfate and potassium carbonate. A typical 
infrared spectrum of black powder residue will show weak nitrate and strong sulfate peaks.

Many homemade bombs contain aluminum and nitrates. Smokeless powders typically produce 

nitrites, therefore, a nitrate/nitrite spot test may easily verify the presence or absence of these 

compounds.

Case History
On February 23, 1993, at 12:17 p.m., a terrible explosion occurred in lower ManhaƩan, New 
York City. The explosion was the result of a truck bomb which was composed of approximately 
1500 pounds of urea nitrate and hydrogen-gas cylinders. The explosion occurred in the parking 

garage under the World Trade Center, instantly killing six people and injuring thousands more. The 
explosion leŌ a 100-foot diameter crater and massive rubble surrounding the World Trade Center. 
The invesƟgators in the crime determined that the bomb was homemade and was built in New 
Jersey by Islamic radicals, four of whom remain in United States prisons, serving life sentences. 
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Exercise 1: TesƟng for explosive residues
This lab exercise will simulate the chemical analysis of explosives residue. Low explosives residue 

may contain nitrate ions, nitrite ions, and/or aluminum ions, whose presence can easily be 

idenƟĮed through a variety of chemical tests. Only a sampling of potenƟal tests will be used, as 
many common reagents used in the idenƟĮcaƟon of explosives residue are too hazardous to be 
shipped or used at home. 

 In the following scenario, a bomb has exploded outside the residence of a corporate execuƟve. 
The house was parƟally destroyed, but there was no loss of life and no bodily injuries. From 
the destrucƟon done to the house, it seems that low explosives were involved. Several pieces 
of debris were collected by the crime scene invesƟgator and potenƟal explosive residues were 
isolated and sent to the lab for analysis. It is your job to idenƟfy the ions within each sample. 
Because the preliminary evidence points to low explosives, you might expect to idenƟfy ions like 
aluminum, nitrate, and nitrite. 

You will Įrst analyze samples known to contain aluminum, nitrate, and nitrite ions to become 
familiar with the results of posiƟve tests. Then you will analyze the unknown samples from the 
crime scene to determine the presence or absence of those ions.

Procedures

Nitrite ion test using iron II sulfate

1. Using the porcelain spot plate, add two drops of 0.5 M potassium nitrite (KNO
2
) soluƟon to 

one of the wells.

2. Use the empty pipet to add two drops of disƟlled water to a second well as a control.

3. Add one drop of 1M H
2
SO

4
 to both wells.

4. Add one drop of 0.1 M iron II sulfate to both wells.

5. Observe and record the color of the soluƟon in Data Table 1. 

6. 

 Data Table 1

Test Color of test soluƟon Color of water control
Nitrite ion test using iron II sulfate

Nitrite test using Griess reagent
Nitrate test using Griess reagent

Aluminum ion test using aluminon 
reagent

Clean the spot plate. Rinse with disƟlled water (tap water oŌen has contaminants that may 
result in false posiƟves).
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Nitrite and nitrate test using Griess reagent

7. Using the porcelain spot plate, add two drops of 0.5 M potassium nitrite (KNO
2
) soluƟon to 

one of the wells.

8. Add two drops of disƟlled water to a second well as a control.

9. Add one drop of Griess reagent A to both wells.

10. Add one drop of Griess reagent B to both wells.

11. Observe and record the color of the soluƟon in Data Table 1. 

12. Clean the spot plate for the next test. Rinse with disƟlled water.

Nitrate test using Griess reagent

13. Using the porcelain spot plate, add two drops of 0.1 M aluminum nitrate (Al(NO
3
)

3
) soluƟon 

to one of the wells.

14. Add two drops of disƟlled water to a second well as a control.

15. Add one drop of Griess reagent A to both wells.

16. Add one drop of Griess reagent B to both wells.

17. Observe and record the color of the soluƟon in Data Table 1. 

18. Clean the spot plate for the next test. Rinse with disƟlled water.

Aluminum ion test using aluminon reagent

19. Using the porcelain spot plate, add two drops of 0.1 M aluminum nitrate (Al(NO
3
)

3
) soluƟon 

to one of the wells.

20. Add two drops of disƟlled water to a second well as a control.

21. Add two drops of 3 M ammonium acetate to both wells.

22. Add two drops of aluminon reagent to both wells.

23. Add one drop of 3 M aqueous ammonia to both wells.

24. Observe and record the color of the soluƟon in Data Table 1. 

25. Clean the spot plate for the next test. Rinse with disƟlled water.

Analysis of unknowns

26. Using the porcelain spot plate, add two drops of Unknown #1 soluƟon to one of the wells, add 
two drops of Unknown #2 to a second well and add two drops of disƟlled water to a third well.

27. Follow steps 3 - 6 to test for the presence of nitrites. Record your results in Data Table 2. 
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28. 

Data Table 2

Test Test result (posiƟve or negaƟve)
Unknown #1 – nitrite with iron II sulfate
Unknown #1 – nitrite with Griess reagent
Unknown #1 – nitrate with Griess reagent
Unknown #1 – aluminum
Unknown #2 – nitrite with iron sulfate
Unknown #2 – nitrite with Griess reagent
Unknown #2 – nitrate with Griess reagent
Unknown #2 – aluminum

Repeat step 26, and then follow steps 9 - 12 to test for the presence of nitrites. Record your 

results in Data Table 2.

29. Repeat step 26, and then follow steps 15 - 18 to test for the presence of nitrates. Record your 

results in Data Table 2.

30. Repeat step 26, and then follow steps 21 - 24 to test for the presence of nitrates. Record your 

results in Data Table 2.

31. Clean up: Wash out the well plate and return all supplies to your LabPaq for future use.

References

Ronald E. Shomo, Robert Frey, and John J. Manura, 2007, DetecƟon of explosives on clothing 
material by direct and air sampling Thermal DesoprƟon GC/MS – Presented at American Society 
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Nitrite and nitrate test using Griess reagent

7. ) soluƟon to 

Add two drops of disƟlled water to a second well as a control.

Observe and record the color of the soluƟon in Data Table 1. 

Clean the spot plate for the next test. Rinse with disƟlled water.

Nitrate test using Griess reagent

) soluƟon 

Add two drops of disƟlled water to a second well as a control.

17. Observe and record the color of the soluƟon in Data Table 1. 

Clean the spot plate for the next test. Rinse with disƟlled water.

Aluminum ion test using aluminon reagent

) soluƟon 

Add two drops of disƟlled water to a second well as a control.

Observe and record the color of the soluƟon in Data Table 1. 

Clean the spot plate for the next test. Rinse with disƟlled water.

Analysis of unknowns

Using the porcelain spot plate, add two drops of Unknown #1 soluƟon to one of the wells, add 
two drops of Unknown #2 to a second well and add two drops of disƟlled water to a third well.

27. 
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Questions 

A. Give two reasons why nitrite and nitrate tests are included in this exercise? 

 

B. Why did we test for the presence of aluminum? 

 

C. Why is nitroglycerin rarely used as the main explosive charge? 

 

D. Why has ANFO been used in many explosive devices? 

 

E. How do positive results of Griess nitrite tests differ from positive Griess nitrate tests. 

 

F. What is the primary difference between “low” and “high” explosives? 
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Nitrite and nitrate test using Griess reagent

7. ) soluƟon to 

Add two drops of disƟlled water to a second well as a control.

Observe and record the color of the soluƟon in Data Table 1. 

Clean the spot plate for the next test. Rinse with disƟlled water.

Nitrate test using Griess reagent

) soluƟon 

Add two drops of disƟlled water to a second well as a control.

17. Observe and record the color of the soluƟon in Data Table 1. 

Clean the spot plate for the next test. Rinse with disƟlled water.

Aluminum ion test using aluminon reagent

) soluƟon 

Add two drops of disƟlled water to a second well as a control.

Observe and record the color of the soluƟon in Data Table 1. 

Clean the spot plate for the next test. Rinse with disƟlled water.

Analysis of unknowns

Using the porcelain spot plate, add two drops of Unknown #1 soluƟon to one of the wells, add 
two drops of Unknown #2 to a second well and add two drops of disƟlled water to a third well.

27. 
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