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Resource Details
Date
Mon, 01/06/2020 - 12:00
Region
Arctic
Completion Time
About 1 period
Grade
High school and Up
Permission
Download, Share, and Remix
Location
Toolik Field Station, North Slope, AK
Expeditions
Carbon in the Arctic
Author(s)
David Walker
Rose Cory
Related Members
David Walker
Rose Cory
George Kling
Byron Crump
Materials
Activities Sheet (See Lesson Materials)
Calculator
Computer with Internet Access
Topic
Life Science
Tools and Methods
Structure and Function
Physical Science
Tools and Methods
Matter

Overview
This activity was prepared by David Walker (LASA High
School) and Rose Cory (University of Michigan), based
on work conducted at Toolik Field Station in Alaska. The
purpose is to introduce students to Van Krevelen
diagrams, which are used to interpret results of high
resolution mass spectrometry and characterize the
compound classes present in complex organic mixtures.
Students will create Van Krevelen diagrams depicting
different classes of compounds and learn to recognize
patterns in these diagrams. They will then use their
knowledge to characterize the organic composition of a
sample of stream water. 

Background Resources for the
Instructor

1. Mass Spectrometry Introduction (Michigan State
University)

2. Mass Spectrometry Overview (Royal Society of
Chemistry)

3. Finding the Molecular Formula from a Mass
Spectrum (University of St. Thomas)

4. Characterization of Complex Organic Mixtures via
Mass Spectrometry

5. Photodegradation of Permafrost DOC Yield Bacterial
Fuel 

Objectives
Students will able able to:

1. Prepare a Van Krevelen diagram for a series of compounds.

2. Draw conclusions regarding the general location of aromatic vs. aliphatic compounds on a Van
Krevelen diagram.

3. Draw conclusions regarding compound oxidation and location on a Van Krevelen diagram.

4. Define general compound classes present in complex organic mixtures found in nature.

https://www.polartrec.com/expeditions/carbon-in-the-arctic
https://www.polartrec.com/member/david-walker
https://www.polartrec.com/member/rose-cory
https://www.polartrec.com/member/george-kling
https://www.polartrec.com/member/byron-crump
https://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/Spectrpy/MassSpec/masspec1.htm
https://www.youtube.com/watch?v=J-wao0O0_qM
https://www.youtube.com/watch?v=HmocyWfMHTQ
https://www.polartrec.com/expeditions/carbon-in-the-arctic/journals/2019-06-26
https://www.polartrec.com/expeditions/carbon-in-the-arctic/journals/2019-06-29


1/30/2020 View

https://www.polartrec.com/print/pdf/node/46189/debug 2/4

5. Diagram general compound class regions on a Van Krevelen diagram.

6. Distinguish between compound classes based on their aromaticity and oxidation.

7. Draw conclusions regarding the aromatic vs. aliphatic organic content in a water sample.

8. Draw conclusions regarding the organic compound classes present in the water sample. 

Lesson Preparation
Before beginning this activity, students should have a fundamental understanding of mass
spectrometry and how this technology can be used to determine the molecular formula of a simple
organic unknown. Students should also be able to identify a compound as aromatic or aliphatic,
based on its structure. 

Procedure
1. Students should work in pairs to complete the activity. Provide each student with an activity

packet (see lesson attachments). Provide each student pair with a calculator and a computer
with internet access.

2. Give students at least 40 minutes to complete Activity 1. Subsequently, review the activity with
the entire class using the answer key (see lesson attachments).

3. Give students at least 60 minutes to complete Activity 2. Subsequently, review the activity with
the entire class using the answer key (see lesson attachments).

4. Give students at least 20 minutes to complete Activity 3. Subsequently, review the activity with
the entire class using the answer key (see lesson attachments). 

Assessment
Collect students activity packets and grade for completion and accuracy. 

Extension
This lesson could be easily extended to address current research on climate change and the
permafrost positive feedback loop in the Arctic. Student groups could use their knowledge of Van
Krevelen diagrams to evaluate the Van Krevelen data present in Ward, et al., 2017 (see lesson
resources). 

Transferability
As written, this activity works best in a classroom environment. For informal educators, this activity
could easily work in concert with a field trip to a local college or university laboratory. 
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Resources
Mass Spectrometry. Michigan State University.
https://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/Spectrpy/MassSpec/masspec1.htm

Minor, Elizabeth C., et al. “Structural Characterization of Dissolved Organic Matter: a Review of
Current Techniques for Isolation and Analysis.” Environ. Sci.: Processes Impacts, vol. 16, no. 9,
2014, pp. 2064–2079.

Ward, Collin P., and Rose M. Cory. “Chemical Composition of Dissolved Organic Matter Draining
Permafrost Soils.” Geochimica Et Cosmochimica Acta, vol. 167, 2015, pp. 63–79.

Ward, Collin P., et al. “Photochemical Alteration of Organic Carbon Draining Permafrost Soils
Shifts Microbial Metabolic Pathways and Stimulates Respiration.” Nature Communications, vol. 8,
no. 1, 2017.

Sparkman, O. David. Mass Spectrometry Desk Reference. Global View Publ., 2007. 

Credits
This activity was created by David Walker (LASA High School) and Rose Cory (University of
Michigan), based on work conducted during Summer 2019 at Toolik Field Station in Alaska.

David Walker
Science Teacher
LASA High School
7309 Lazy Creek Drive #225
Austin, TX 78724
david.walker [at] austinisd.org

Rose Cory
Associate Professor
University of Michigan
2534 C.C. Little Building 1100 North University Avenue
Ann Arbor, MI 48109
rmcory [at] umich.edu

Standards Other

Next Generation Science Standards (NGSS)
HS-PS1-1 Matter and its Interactions

Use the periodic table as a model to predict the relative properties of elements based on the
patterns of electrons in the outermost energy level of atoms.

HS-LS1-6 From Molecules to Organisms: Structures and Processes

Construct and revise an explanation based on evidence for how carbon, hydrogen, and oxygen
from sugar molecules may combine with other elements to form amino acids and/or other large

https://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/Spectrpy/MassSpec/masspec1.htm
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carbon-based molecules. 



 

Name: _________________________________________ 

 

Using Mass Spectrometry to Characterize Complex Organic Mixtures 

Introduction 

Scientists use high resolution mass spectrometry to characterize the composition of complex organic mixtures found in 

nature. Molecular weight, hydrogen/carbon (H/C) ratio, and oxygen-carbon (O/C) ratio can be used to determine 

compound class. Van Krevelen diagrams, which plot H/C ratio as a function of O/C ratio, are very useful in graphically 

depicting the different components of a mixture. In this series of activities, you will create Van Krevelen diagrams depicting 

different classes of compounds and learn to recognize patterns in these diagrams. You will then use your knowledge to 

characterize the organic composition of a sample of stream water.  

ACTIVITY 1 –  Introduction to Van Krevelen Diagrams 

1. Complete the below table for the compounds listed. 
 

Compound Structural Drawing Molecular Formula 
H / C 
Ratio 

O / C 
Ratio 

Aromatic or 
Aliphatic? 

Hexane 

     

Toluene 

     

Glucose 

     

Acetic Acid 

     

Benzene 

     

Pyridine 

     

1,3-Butadiene 

     

Benzoic Acid 

     

 



2. Create a Van Krevelen diagram for the compounds on the previous page. Plot aromatic compounds with an X and 

aliphatic compounds with a dot.  

 

3. On your diagram, attempt to draw a line to separate aromatic and aliphatic compounds. What conclusion(s) can you 

draw regarding the general location of aromatic vs. aliphatic compounds on a Van Krevelen diagram?  

 

 

 

 

 

4. Next to each data point on your diagram, list the number of carbon-oxygen bonds the compound contains. A carbon-

oxygen double bond (carbonyl functional group) counts as two carbon-oxygen bonds. What conclusion(s) can you draw 

regarding compound oxidation and location on a Van Krevelen diagram? 
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ACTIVITY 2 – Van Krevelen Diagrams and Compound Class 

1. Organic mixtures present in nature often contain a wide variety of compound classes. Using resources from the 

internet, briefly define the below organic compound classes. 

 

 Unsaturated Hydrocarbon 

 

 

 

 Condensed Aromatic 

 

 

 

 
 

 Protein 

 

 

 
 

 

 Lipid 

 

 

 
 

 

 Carbohydrate 

 

 

 

 
 

 Tannin 

 

 

 

 
 

 Lignin 

 

 

 

 
 

 Amino Sugar 

 

 

 



2. Complete the below table for the compounds listed. 

Compound Compound Class Molecular Formula H / C Ratio O / C Ratio 

Cyclohexene 
Unsaturated 
Hydrocarbon C6H10   

2-Methyl-2-Butene 
Unsaturated 
Hydrocarbon C5H10   

1,3,5-Hexatriene 
Unsaturated 
Hydrocarbon C6H8   

Anthracene Condensed Aromatic C14H10   

Coronene Condensed Aromatic C24H12   

Pyrene Condensed Aromatic C₁₆H₁₀   

Hemoglobin Protein C2952H4664O832N812S8Fe4   

Collagen Protein C65H102N18O21   

Keratin Protein C28H48N2O32S4   

Tristearin Lipid C57H110O6   

Linolein Lipid C57H98O6   

Triolein Lipid C57H104O6   

Sucrose Carbohydrate C12H22O11   

Isomaltulose Carbohydrate C12H22O11   

Glucose Carbohydrate C₆H₁₂O6   

Tannic Acid Tannin C76H52O46   

Castalagin Tannin C41H26O26   

Gallic Acid Tannin C7H6O5   

Hardwood Lignin A Lignin C81H92O28   

Hardwood Lignin B Lignin C31H34O11   

Hardwood Lignin C Lignin C278H407O94   

Daunosamine Amino Sugar C6H13NO3   

N-acetylglucoseamine Amino Sugar C8H15NO6   

Galactosamine Amino Sugar C6H13NO5   

 



3. Create a Van Krevelen diagram for the compounds on the previous page. Use the below key to denote different 

compound classes on the diagram. 

● P = Protein  ● T = Tannin  ● AS = Amino Sugar  ● CA = Condensed Aromatic  

● LP = Lipid   ● LI = Lignin  ● CB = Carbohydrate  ● UH = Unsaturated Hydrocarbon

   
   

 

4. On your diagram, draw rectangles around the data for each compound class to create general Van Krevelen compound 

class regions. Label each of these regions with the associated compound class. 
 

5. On your diagram, draw a line to separate aromatic and aliphatic compounds. This line should resemble that which you 

created for Activity 1.  
 

a. List one compound class that falls entirely below the line (more aromatic). Explain this trend, given the nature 

of this compound class. 

 

b. List one compound class that falls entirely above the line (more aliphatic). Explain this trend, given the nature of 

this compound class. 

 

6. Which compound class is the most oxidized? Explain how you know, using both Van Krevelen diagram data and your 

knowledge of the nature of the compound class. 
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ACTIVITY 3 – Characterization of Stream Water Sample 

Below is a Van Krevelen diagram for a sample of water from a stream in northern Alaska. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. What conclusions can you draw regarding the aromatic vs. aliphatic organic content in this water sample? 

 

 

2. What compound class is most prevalent in this water sample? Given the nature of this compound class (chemical 

structure, role in nature), attempt to explain why.  

 

 

 

 

 

 

3. Which compound classes are least prevalent in this water sample? Given the nature of these compound classes 

(chemical structure, role in nature), attempt to explain why. 
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Name: _________________________________________ 

 

Using Mass Spectrometry to Characterize Complex Organic Mixtures 

Introduction 

Scientists use high resolution mass spectrometry to characterize the composition of complex organic mixtures found in 

nature. Molecular weight, hydrogen/carbon (H/C) ratio, and oxygen-carbon (O/C) ratio can be used to determine 

compound class. Van Krevelen diagrams, which plot H/C ratio as a function of O/C ratio, are very useful in graphically 

depicting the different components in a mixture. In this series of activities, you will create Van Krevelen diagrams depicting 

different classes of compounds and learn to recognize patterns in these diagrams. You will then use your knowledge to 

characterize the organic composition of a sample of stream water.  

ACTIVITY 1 –  Introduction to Van Krevelen Diagrams 

1. Complete the below table for the compounds listed. 
 

Compound Structural Drawing Molecular Formula 
H / C 
Ratio 

O / C 
Ratio 

Aromatic or 
Aliphatic? 

Hexane 

 

C6H14 2.3 0.00 Aliphatic 

Vanillic Acid 

 

C8H8O4 1.0 0.50 Aromatic 

Glucose 

 

C6H12O6 2.0 1.0 Aliphatic 

Butyric Acid 

 

C4H8O2 2.0 0.50 Aliphatic 

Benzene 

 

C6H6 1.0 0.00 Aromatic 

Catechol 

 

C6H6O2 1.0 0.33 Aromatic 

1,3-Butadiene 

 

C4H6 1.5 0.00 Aliphatic 

Benzoic Acid 

 

C7H6O2 0.86 0.29 Aromatic 

 



2. Create a Van Krevelen diagram for the compounds on the previous page. Plot aromatic compounds with an X and 

aliphatic compounds with a dot.  

 

3. On your diagram, attempt to draw a line to separate aromatic and aliphatic compounds. What conclusion(s) can you 

draw regarding the general location of aromatic vs. aliphatic compounds on a Van Krevelen diagram?  

Aromatic compounds are located in the lower half of the Van Krevelen diagram (lower H/C ratio). Aliphatic compounds 

are location in the upper half (higher H/C ratio). 

 

 

 

 

4. Next to each data point on your diagram, list the number of carbon-oxygen bonds the compound contains. A carbon-

oxygen double bond (carbonyl functional group) counts as two carbon-oxygen bonds. What conclusion(s) can you draw 

regarding compound oxidation and location on a Van Krevelen diagram? 

More oxidized compounds are located further to the right on the Van Krevelen diagram (higher O/C ratio) 
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ACTIVITY 2 – Van Krevelen Diagrams and Compound Class 

1. Organic mixtures present in nature often contain a wide variety of compound classes. Using resources from the 

internet, briefly define the below organic compound classes. 

 

 Unsaturated Hydrocarbon 

Hydrocarbons that contain pi bonds and/or rings 

 

 

 Condensed Aromatics 

Compounds that contain fused aromatic rings 

 

 
 

 Protein 

Polymer chains of amino acids linked together by peptide bonds 

 

 
 

 

 Lipid 

Fatty acids or their derivatives 

 

 
 

 

 Carbohydrate 

Sugars, starch, or cellulose 

 

 

 

 
 

 Tannin 

Complex biomolecules present in plant tissue that serve to bind and precipitate proteins. They play a role in plant 

defense against predation (as they give tissue a characteristic astringency) and are also involved in control of plant 

growth. 

 

 

 
 

 Lignin 

A class of organic polymers present in the structural tissue of plants. These polymers are extremely abundant in 

terrestrial plant material and very resistant to biodegradation. 

 

 

 
 

 Amino Sugar 

Sugars in which one of the hydroxyl (-OH) groups has been replaced by an amine group (-NH2, -NHR, -NR2) 



2. Complete the below table for the compounds listed. 

Compound Compound Class Molecular Formula H / C Ratio O / C Ratio 

Cyclohexene 
Unsaturated 
Hydrocarbon C6H10 1.7 0.00 

2-Methyl-2-Butene 
Unsaturated 
Hydrocarbon C5H10 2.0 0.00 

1,3,5-Hexatriene 
Unsaturated 
Hydrocarbon C6H8 1.3 0.00 

Anthracene 
Condensed 
Aromatic C14H10 0.71 0.00 

Pyridine 
Condensed 
Aromatic C5H5N 1.0 0.00 

Anthraquinone 
Condensed 
Aromatic C14H8O2 0.57 0.14 

Hemoglobin Protein C2952H4664O832N812S8Fe4 1.6 0.28 

Collagen Protein C65H102N18O21 1.6 0.32 

Elastin Protein C27H48N6O6 1.8 0.22 

Tristearin Lipid C57H110O6 1.9 0.11 

Linolein Lipid C57H98O6 1.7 0.11 

Triolein Lipid C57H104O6 1.8 0.11 

Sucrose Carbohydrate C12H22O11 1.8 0.92 

Starch Carbohydrate C6H10O5 1.7 0.83 

Glucose Carbohydrate C₆H₁₂O6 2.0 1.0 

Tannic Acid Tannin C76H52O46 0.68 0.59 

Castalagin Tannin C41H26O26 0.63 0.63 

Gallic Acid Tannin C7H6O5 0.85 0.71 

Hardwood Lignin A Lignin C60H72O18 1.2 0.30 

Hardwood Lignin B Lignin C31H34O11 1.1 0.35 

Hardwood Lignin C Lignin C278H407O94 1.5 0.34 

Daunosamine Amino Sugar C6H13NO3 2.2 0.50 

N-acetylglucoseamine Amino Sugar C8H15NO6 1.9 0.75 

Galactosamine Amino Sugar C6H13NO5 2.2 0.83 

 



3. Create a Van Krevelen diagram for the compounds on the previous page. Use the below key to denote different 

compound classes on the diagram. 

● PR = Protein ● TA = Tannin  ● AS = Amino Sugar  ● CA = Condensed Aromatics 

● LP = Lipid  ● LI = Lignin  ● CB = Carbohydrate  ● UH = Unsaturated Hydrocarbon 

   

 

4. On your diagram, draw rectangles around the data for each compound class to create general Van Krevelen compound 

class regions. Label each of these regions with the associated compound class. 
 

5. On your diagram, draw a line to separate aromatic and aliphatic compounds. This line should resemble that which you 

created for Activity 1.  
 

a. List one compound class that falls entirely below the line (more aromatic). Explain this trend, given the nature 

of this compound class. Condensed aromatics. They consist of fused aromatic rings. 

 

b. List one compound class that falls entirely above the line (more aliphatic). Explain this trend, given the nature of 

this compound class. Lipids. The main categories of lipids are fatty acids, glycerolipids, glycerophospholipids, 

sphingolipids, sterols, prenols, saccrolipids, and polyketides. None of these compounds contain aromatic rings. 

 

6. Which compound class is the most oxidized? Explain how you know, using both Van Krevelen diagram data and your 

knowledge of the nature of the compound class. Carbohydrates. From the Van Krevelen data, it is clear that these 

compounds have very high O/C ratios. As they are hydrates of carbon, most (if not all) carbons in the molecule are 

bonded to at least one oxygen. 
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ACTIVITY 3 – Characterization of Stream Water Sample 

Below is a Van Krevelen diagram for a sample of water from a stream in northern Alaska. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. What conclusions can you draw regarding the aromatic vs. aliphatic organic content in this water sample? 

Simliar amount of aromatic and aliphatic compounds are present in the sample.  

 

2. Which compound class is most prevalent in this water sample? Given the nature of this compound classes (chemical 

structure, role in nature), attempt to explain why.  

Lignins are most prevalent in this water sample. The comonality of these polymers in stream water makes sense, as 

they are extremely abundant in terrestrial plant material and very resistant to biodegradation.  

 

 

3. Which compound classes are least prevalent in this water sample? Given the nature of these compound classes 

(chemical structure, role in nature), attempt to explain why. 

Carbohydrates and amino sugars are least prevalent in this water sample. In streams, these compounds classes serve as 

imporant nutrient sources for microorganisms. Carbohydrate and amino sugar content in steam water varies drastically 

based on the microbiological makeup of the stream and time of year.  
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