
Experiment 1: Analysis of Car Exhaust 
CH3600: Environmental Chemistry, Plymouth State University

Adapted from "Carbon Monoxide in Air Test Kit," LaMotte Company, Chestertown, MD; and from "Experiment 18: 
Sampling of NOx (NO + NO2) and Particulates ," Laboratory Experiments in Environmental Chemistry by Martin G. Ondrus 
(1993), Wuerz Publishing Ltd.

Introduction:  

The exhaust from automobiles contains a variety of air pollutants, the most common of which 
(ignoring CO2) are carbon monoxide (CO), NOx, and particulate matter.  In this lab, the class will 
analyze all three of these pollutants in the exhaust from several automobiles.

Carbon monoxide is a colorless, odorless, poisonous gas emitted from automobile engines because 
of incomplete combustion of fuel to CO2. A well-tuned car with a catalytic converter might emit 0.01 
vol% CO, whereas a poorly maintained car could emit as much as 15 vol% CO!  In this experiment you 
will measure the CO content of auto exhaust by a commercially available test kit. CO emission is 
greatest within the first few minutes after starting a cold engine. 

NOx, the combined sum of NO and NO2, is generated in automobile engines from atmospheric 
nitrogen (N2) as a result of the high heat.  NOx is poisonous, is a major contributor to smog and acid 
rain, and promotes the production of ground-level ozone.  In this experiment, you will measure the NOx 

content of auto exhaust by colorimetry.

Particulate matter pollution is a mixture of solid particles and liquid droplets less than 10 μm in 
diameter.  Most particulate matter pollution in automobile exhaust is the result of incomplete 
combustion of hydrocarbons, producing carbon soot.  Particulate matter is a health risk due to its ability 
to penetrate into the deep lung.  In this experiment, you will measure the particulate matter in auto 
exhaust by measuring the increase of mass of a filter used to filter the exhaust.

Equipment: 

1. Two 60-mL, Luer-lock plastic syringes

2. One syringe filter

3. One hose-to-syringe adapter

4. Two syringe caps

5. One short length of rubber tubing

6. 25 mL volumetric flask

7. Thermometer

8. Spec 20 sample tubes

9. Graduated transfer pipet

10. Syringe "pipet bulb"

Safety Considerations: 

1. Car exhaust contains poisonous gases.

2. The indicator mixtures contain strong acids and poisonous chemicals.  

3. The standards contain sodium nitrite (NaNO2).  Nitrite is a strong oxidizer and is toxic if 
inhaled or ingested.
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Procedure: 

A. Exhaust Sampling

1. Use a marker to label three syringes "PM" "CO" and "NOx".

2. Accurately weigh and record the mass of a syringe filter.  IMPORTANT: After weighing the 
filter, you must NOT touch it with your bare fingers.  Use a Kim-wipe to handle the filter.

3. Connect the filter to the "PM" (Particulate Mater) syringe, and connect the tubing to the filter.

4. Draw 10 mL of "NOx Indicator Mixture" into the "NOx" syringe.  Invert the syringe and expel 
as much air as possible, without spilling any of the solution.  Place a cap on the syringe.

5. Draw 10 mL of "CO Indicator Mixture" into the "CO" syringe.  Invert the syringe and expel as 
much air as possible, without spilling any of the solution.  Place a cap on the syringe.

6. Take the syringes outside to the car to be analyzed.  

7. Insert the tubing from the "PM" syringe just slightly into the tailpipe of a recently-started car.  
Draw the syringe to the 50 mL mark.  Withdraw the tubing, disconnect the filter (remember not 
to touch it with your hands), and expel the gas.

8. Re-connect the filter, and repeat Step 7.  Do this a total of twenty-five times, so that you will 
draw 25×50 mL of air through the filter.  IMPORTANT: On the tenth draw, do NOT expel the 
gas.  Instead, cap the syringe immediately after removing the filter.

9. Connect the tubing (but not the filter!) to the "CO" syringe and insert just slightly into the 
tailpipe.  Draw the syringe to the 50 mL mark.  Quickly withdraw and disconnect the tubing, 
and then cap the syringe.  

10. Connect the tubing (but not the filter!) to the "NOx" syringe.  Insert the tube just slightly into the 
tailpipe of the automobile.  Draw the syringe to the 50 mL mark.  Quickly withdraw and 
disconnect the tubing, and then cap the syringe.  

11. Return to the lab.

12. With your thumb on the caps of the "CO" and "NOx" syringes, shake for two minutes.  Allow 
the gases in the tubes to react with the solution at least 30 minutes, with occasional shaking, 
before doing the analyses.

B. Particulate Matter Analysis

1. Weigh and record the mass of the syringe filter.  Remember not to touch it with your hands!

2. Calculate the difference in mass of the filter before and after the analysis.  Record this mass in a 
table on the board.

C. Carbon Monoxide Analysis

Quantitative analysis of CO can be tricky, and the necessary equipment may not be available.  If it is, 
alternate instructions will be given in lab.  If it is not, use the procedure below to qualitatively rank the 
CO production of the automobiles analyzed.

1. Remove the cap, invert the syringe, and expel the air into a fume hood.

2. Transfer the solution into a small test tube.

3. Compare the color of your solution to that of the other groups.  Confer with the other groups to 
rank the colors from lightest to darkest (a solution means a higher concentration of CO in the 
exhaust).  Record the ranking in a table on the board.
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D.  NOx Analysis

1. Your group will be responsible for making two of the standards used to develop the standard 
curve for NOx analysis.  Add the indicated volume (0.25, 0.50, 1.0, 2.0, or 5.0 mL) Stock NO2

- 
Solution (~5 μg NO2

- · mL-1; your instructor will tell you the exact concentration) to a 25 mL 
volumetric flask.  Fill the flask to the mark with NOx Indicator.  Repeat for the second standard, 
as directed.  Standards should be allowed to stand for at least 15 minutes before analyzing to 
ensure complete color development.

2. Using the exact concentration of the Stock Solution, calculate the concentration of NO2
- as  μg 

NO2
- · mL-1 in your two Standards (should be ~ 0.05 to ~1.0 μg NO2

- · mL-1, depending on 
volume of Stock used).  Record these concentrations in a table your notebook and on the 
chalkboard.  When the other groups have prepared their standards, record those concentrations 
in your table.

3. Label 3 test tubes as appropriate for your 2 standards and 1 sample.

4. After allowing the gas sample in the "NOx" syringe to react with the Indicator solution for at 
least 30 minutes and the Standards to sit for at least 15 minutes, proceed to the next step.

5. Fill the appropriate test tubes about 2/3 full with your two standards.

6. In a hood, uncap your "NOx" syringe, expel the gas, and transfer the liquid to the appropriately 
labeled test tube.

7. Use the spectrophotometer to obtain the absorbance of each of the 5 standards (you will need to 
borrow and share with the other groups) and your Sample at 550 nm.  Record these numbers in 
a table in your notebook.

8. Use a thermometer to record the temperature of the lab.

Analysis 

This may be done after lab if time is short.  Whether done in lab or after, you MUST do these analyses 
as soon as possible and share your results with the rest of the class.

A. Particulate Matter

1. Calculate the volume of gas that passed through the membrane in units of m3.

2. Calculate the mass concentration of particulate matter in the exhaust in units of mg·m-3.   

B. CO in Exhaust

1. If quantitative methods for analysis of CO are available, you will be given further instructions 
in lab for calculating the the concentration of CO.  Otherwise, you have already qualitatively 
ranked the production of CO.

C. NOx in Exhaust

1. Using Excel, construct a standard curve of Absorbance vs. NO2
- Concentration.  Determine the 

equation for the best fit line.  Be sure to include this graph in your lab report.

2. Use the standard curve to calculate the concentration of NO2
- in your Sample.

3. Calculate the mass of NO2
- in the 10 mL of solution in units of μg NO2

-.

4. Calculate the moles of NO2
- in the 10 mL of solution.

5. This number of moles of NO2
- was originally NO (g) or NO2 (g).  Assuming both of these gases 

exhibit ideal gas behavior, you can calculate the combined total of the two as  "NOx". Calculate 
the volume that the number of moles in (4) of an ideal gas would occupy in units of μL.  

© Jeremiah S. Duncan (Plymouth State University, jsduncan@plymouth.edu). Licensed under the Creative Commons 
Attribution-NonCommerical-ShareAlike 3.0 Unported License. See http://creativecommons.org/about/license/ 3



6. Convert the volume of gas sample you collected in the "NOx" syringe into units of L.  

7. Calculate the concentration of NOx" in the exhaust in units of ppm ( μL NOx · L-1 exhaust).

Conclusions

Answers to these questions must be included as part of your Conclusions in your written lab report.  
Write them as a narrative, not a numbered list of questions and answers.

1. Which automobile / engine type / fuel type yielded the highest / lowest amount of particulate 
matter? of carbon monoxide? of NOx?

2. Briefly discuss the environmental ramifications of using the various automobiles, engines, 
and/or fuel types.  
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