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acrolein, acetaldehyde and acetone(1550 – 1800 cm-1); methanol (1306 cm-1); ethylene (949 cm-1); and isoprene

(893 cm-1).5

Figure 4a
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Figure 4b

Figure 4c



            8

Figure 5

Questions in Student Handout

This experiment is also very useful in introducing Material Safety Data sheets (MSDS), toxicity of some

chemical compounds, and some biochemistry and environmental chemistry that are of relevance to all students,

irrelevant of their majors.  Depending on the student audience you can incorporate more discussion.  The prelab and

post-lab questions serve as a starting point for discussions into carbon monoxide and lead poisoning.  Many of the

details about catalytic converters, carbon monoxide poisoning, lead poisoning, etc. can be found in many freshman

chemistry textbooks.  Medical sites such as drkoop.com can also provide information on the toxic effects to humans.

Prelab Questions and Discussion

1) The complete combustion of hydrocarbons and organic compounds containing only carbon, oxygen and

hydrogen results in the formation of carbon dioxide and water.  The incomplete combustion results in the formation

of carbon monoxide and many assorted small organic molecules such as formaldehyde, acetone, acrolein, methane,

etc.6  Since tobacco and gasoline are composed of organic compounds one would expect to find some of the

previously mentioned gases in cigarette smoke and car exhaust.  The combustion products will also include sulfur

dioxide if the organic compound contains sulfur and nitrogen oxides if the compounds contain nitrogen.
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2)  You will need to decide if this is a good question for your students.  The calculations make use of the ideal gas

law and so it will depend on whether students have covered gases in lecture or not.  It makes students look at

Material Safety Data sheets and requires that they look up some of the terminology.  The PEL (permissible exposure

limit) of CO is 50 ppm.  The ceiling REL (recommended exposure limit) for CO is 200 ppm.  If you work out the

math of a 3m x 3m x 3m room and 30 ml worth of a 20% CO gaseous mixture, the result of releasing the contents of

the syringe in the room is to create an environment that is 0.3 ppm in CO.  This assumes that the CO is mixed

thoroughly throughout the room. The instant the gas is accidentally released the level of CO in the vicinity of the

syringe would be above the ceiling REL.  It would be rapidly diluted by the air in the room.  Doing the CO transfer

and cell preparation in the hood would minimize exposure as well as rapidly extract and dilute the CO.  In case of

accidental release, the CO levels would still remain below recommended exposure limits.  If you feel uncomfortable

with this, then the CO spectrum could be obtained from the car exhaust (cold start).  Discussing the symptoms of

CO poisoning and possible situations in which poisoning can occur would not only be interesting to the students but

also very educational.  Some of  the ways people have died due to CO poisoning include:  using a barbecue for

heating the inside of a home, faulty furnaces, and suicides by inhaling CO from car exhaust in an enclosed

environment such as a garage.  This last one has been made more difficult by improvements in catalytic converters

(as shown by their car exhaust data).

3) A catalytic converter is expected to convert carbon monoxide and under burned     hydrocarbons into carbon

dioxide and water.  It is also expected to convert nitrogen oxides into nitrogen and oxygen.  This results in cleaner

emissions from automobiles reducing the amount of pollution.

Post-lab Questions

1)  The MSD sheets will point out some of the very toxic effects of gases such as HCN and acrolein.  This might be

a good time to bring in some biochemistry illustrating how CO, oxygen and CN- interact with hemoglobin.  If

molecular orbital diagrams have been discussed it would help to point out how similar CO and CN- are in their

electronic configuration to suggest why they both have similar affinities for hemoglobin.

2)  For a catalytic converter to work the catalysts has to be heated.  It takes a few minutes for this to be

accomplished so the car emits some carbon monoxide.  Tetraethyl lead, an antiknocking agent, “poisons” the

catalyst not allowing it to convert carbon monoxide into carbon dioxide.  This was the reason why leaded gasoline
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Cigarette Smoke Analysis Using an Inexpensive Gas Phase IR Cell – Student Handout

Introduction
The purpose of this experiment is to determine whether infrared spectroscopy can be used to identify some

or all of the gases present in cigarette smoke and car exhaust.  You will get to learn how to use a Fourier Transform

Infrared (FT-IR) spectrometer.  Infrared (IR) spectroscopy is very useful in chemistry.  It serves to identify what

types of bonds are present in a molecule.  It can be used to identify a new compound, follow reaction kinetics,

investigate reaction mechanisms and for qualitative and quantitative analysis.  IR spectroscopy will be presented to

you throughout your chemistry lab courses.  Your lab instructor will determine to what depth he/she wishes to

discuss IR spectroscopy for the purpose of doing this experiment.

Cigarette smoke and car exhaust are mixtures of gases (and particulates).  In this experiment you will only

be able to identify some of the gases present in these mixtures.  Your lab instructor will give you a cell that will

serve to hold the gas so that a spectrum can be taken.  The cell first needs to be evacuated of as much air as possible.
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One of the evacuated cells will serve as a standard.  A spectrum will be taken of this cell to serve as a blank, that is,

it will show you whether some component of the cell itself, in the absence of gas, absorbs any of the infrared light.

All the students can use this "background spectrum".

Each pair of students will be given a cell and assigned a gas or gas mixture.  It is the pair’s responsibility to

fill the cell with the gas and take the IR spectrum.  The experiment itself will be done as a whole class collaboration

so as to do the experiment efficiently.

Prelab Questions and Discussion

1)  What gases do you expect to detect in air, car exhaust and cigarette smoke?  Information on air might be

available in your textbook.  Look up information about the complete and incomplete combustion of organic

materials to obtain some insight into what gases might be present in car exhaust and cigarette smoke.

2)  Look up a Material Safety Data sheet for carbon monoxide. a)  What do the acronyms

PEL and ceiling REL mean?  What are the values of these for CO?  b)  Determine whether the following will take

the CO concentration in a 3m x 3m x 3m room above the PEL and ceiling REL for CO.  The plunger in a syringe

filled with 30.0 ml of a 20 % CO in nitrogen mixture is depressed releasing all its contents into the room.  You may

need to assume that the temperature in the room is 25 C and the pressure for the day is 1.0 atm.  The average

molecular weight of air is 29.0 g/mol.  c)  What medical symptoms does a person exhibit when exposed to

increasing levels of CO?

3)  What is a catalytic converter?  What chemical function does it perform?

Experimental Procedure

Please make certain that you are wearing goggles.  Do not touch the NaCl windows of the cell.  Your

fingerprints will decrease the amount of IR light that passes through your cell.

Evacuating the Cell

The three following methods may be used to create a vacuum in the gas cell.

Method #1: The most efficient way of evacuating a gas cell is to use a vacuum line with a pump

and a liquid nitrogen trap.

Method #2: Another way of creating a vacuum in the gas cell is to use an aspirator attached to a

water trap followed by a drying tube.

Method #3: If a house vacuum line is available, one may merely use that.
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Set up a heating plate with a beaker of water and warm the water to 10 or so degrees higher than room

temperature.  The water should not be heated to its boiling point because too much water vapor collecting in the

cells will damage the NaCl windows.  Place the hose connection of the evacuated cell close to the surface of the

water (1-2 cm above the water). Open the cell valve slowly over the course of 15 seconds, then close it immediately.

(Make sure you do not suck any liquid water into the cell.)

HCl

Place a concentrated HCl solution (12 M) container from lab in a working hood.  Open the container.

Place the nozzle of the evacuated gas cell somewhat inside the container well above the liquid level and slowly open

the valve.  Close the valve within 15 seconds.  (Make sure you do not suck any liquid into the cell.)

NH3

Place a concentrated NH3 solution (15 M) container from lab in a working hood.  Open the container.

Place the nozzle of the evacuated gas cell somewhat inside the container well above the liquid level and slowly open

the valve.  Close the valve within 15 seconds.  (Make sure you do not suck any liquid into the cell.)

CO

Your lab instructor will place a bulb or balloon containing CO and N2 in a hood in your lab.  You will also

receive a 30 ml plastic syringe with a needle.  Please be careful that you do not injure yourself with the needle.

Take your syringe and evacuated cell to the hood.   Depress the plunger into the syringe as far as possible. Carefully

insert the needle of the syringe through the septum on the container holding the mixture.  Pull out the plunger

slowly until you measure about 30 ml.  Remove the syringe from the mixture making sure you do not depress the

plunger.  Carefully remove the needle from the syringe.  Insert (actually more like jam) the end of the syringe into

the opening in the gas cell.  If a reasonable amount of force is applied there will be a good seal between the cell and

the syringe.  Slowly open the valve of the evacuated cell.  What should happen is that the cell will extract the

mixture from the syringe.  You will notice that the plunger moves on its own.  Close the valve to the cell the instant

you see the plunger stop moving so as to minimize the amount of air sucked into the cell.  Do not open the cell at all

in the open lab!!  Take the cell to the FT-IR and take a spectrum of the sample.  Return the cell to the instructor

reminding him or her that the cell contains CO.  The instructor will then evacuate the cell for you.

Cigarette Smoke – Two groups
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In a working hood, connect a short piece of rubber tubing (ca. 4 cm long, 0.7 cm inner diameter) to the

hose connection of an evacuated gas cell. A cigarette is inserted at the open end of the rubber tubing. Then the

cigarette is lit and the gas cell valve is opened slowly. The valve need not be opened all the way. If things are going

well you will notice that the gas cell smokes the cigarette. The equivalent of 0.5 cm of the cigarette is smoked. The

valve is closed quickly and a spectrum is obtained. Immediately after obtaining the spectrum the cell is evacuated in

order to keep it clean.  One group might want to use a filtered cigarette and the other group an unfiltered cigarette.

            Car Exhaust – Two groups

Take two evacuated cells to a car that has not been operated for at least an hour.  Start the car.  Within 15

seconds after starting the car insert the hose connection of the cell into the tailpipe.  Open the valve to the cell

slowly and close within 20 seconds.    Wait for 15 minutes and repeat the procedure with another evacuated cell.  .

Discussion

Your lab Instructor will decide how best to walk through the experiment.  Every student pair has a

spectrum of a gas or a gas mixture.  All the groups will need to contribute their spectrum so as to determine the

components of smoke.

Post lab questions

1)  Now that you have identified some of the components in cigarette smoke, use MSD sheets or the web

(drkoop.com for example) to determine some of their effects on humans.   Was there a difference between the gases

present in filtered  and unfiltered cigarettes?

2)  What is the difference between the car exhaust spectrum for the cold start of a car versus the spectrum for a car

that has been running for 10 minutes?  Why the difference?  It might be useful to go back and investigate how a

catalytic converter works. Why was leaded gasoline removed from the market?




