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Overview

This module is designed for an introductory high school chemistry class.  The goal is to help students experience chemistry within a specific historical context.  The setting for this module is 17th century France.  The subject is perfumes.  Students will be situated in small investigative groups.  With some guidance they will be asked to develop a perfume (or a cologne - to keep things gender balanced!).  They will do this with plant materials and the process of distillation.

Students will have the opportunity to: 1) develop their own plan of experimentation rather than follow a predetermined procedure; 2) experience the trial and error aspect of science, and 3) participate in a project that combines science and art.  Students will be introduced to and asked to consider 17th century European chemical hypotheses as they relate to distillation.  

This project could be done at any time during the term although it is probably better suited for the end of a term – or at least after students have had some experience with distillation and a unit on organic chemistry.  In this way it could also serve as a review of principles learned.  There are more complex topics that can be explored in greater depth with a more advanced chemistry class, such as the nature of specific organic chemicals (terpenes, esters, aldehydes, etc.) and Dalton’s Law of partial pressures.

Day 1  

(Day I should be done in advance of the lab time (Days 2 and 3) by at least a few days so that students have time to research and acquire the necessary materials.)

Lecture – Life in 17th century France (15 min.)


(See overheads (OH) – Appendix A)


“We’re going to travel back in time to late 17th century France to explore how the French made perfumes.”  (OH-1)


State of Chemistry in 1600’s Europe  (OH-2, OH-3)



No knowledge of atoms or elements as we think of them today




Many thought matter made of small bodies called corpuscles (mechanical)




Many believed there were four elements (Aristotle): earth, air, water, and fire





Each of these elements was present in all matter



Many believed “transmutation” (changing one material into another) possible 




Goal of alchemy was to make gold out of other metals



Air and gases considered one and the same




React differently due to different levels of purity



Shift from belief world run by divine discretion to world run by fixed laws



Shift from importance of divine revelation to experimentation


Louis XIV (1638-1715)  (OH-4)



King of France from age 5 to his death at 77




Ruled as absolute monarch for much of that time 



Often called Louis the Great




Reformed army and expanded France’s borders




Strengthened trade and manufacturing industries in France




Promoted culture: arts, theatre, music, architecture, and science





Built Versailles  (OH-5)




Positioned France as center of Enlightenment in the 1700’s



He was also an enthusiastic patron of the perfume industry…


Distillation  (OH-6)



Discovered in Alexandria in 2nd century C.E.



1320 – Italians perfected process that yielded up to 95% pure alcohol




They called it “water of life” (looked like water)  (OH-7)




 “Water” as name for perfume has persisted for centuries  (Eau de…)



1533 – Perfume making came to France via royal marriage to Italian woman



1600’s - Perfumes made by distillation

Assign Groups/Explain Project (10 min.)


“You are being commissioned by Monsieur Martial, King Louis’s perfumer, to carry out the King’s wish to have a different perfume for each day of the week.  You will be working in small groups to compose a unique perfume using plant parts and the process of distillation.”


Divide class into seven groups – one for each day of the week and each with an assigned fragrance.  Allow students to pick their own group.  Rearrange groups or assigned fragrance if necessary.



Sunday - Earthy



Monday - Fruity



Tuesday - Floral



Wednesday - Minty



Thursday - Spicy



Friday - Outdoorsy



Saturday - Dreamy

Small Group Work and Planning (25 min.)


Distribute handout (Appendix B) to students.  Direct students to read through the handout.  They should then meet in their groups to develop the experimental plan.  They should also decide what materials to bring to lab.  Students should read through the entire handout before they begin the lab.  

Day 2

Lab Time (50 min.)


Students have the entire class time to work in the lab.  At the end of the lab, have students sample other groups’ products and share what worked and what didn’t.


Reminders:



Work safely



Write down what you’re doing



Watch the time – allow enough time for clean-up



Reevaluate after each trial and change plan as needed (be flexible)

Day 3

Lab Time (50 min.)


Students have a full period in the lab to produce a perfume/cologne.  Again, take time to sample all the products.

Day 4

Follow-up (15 min.)

Ask students if they have any questions on the lab.  Direct students to complete the questions at the end of the handout.  Set a due date of two or three days from today to turn the handout in for grading. 


When returning the handouts at a later date, discuss the follow-up questions with the class.

Appendix A

Overheads

OH-2
www.physics.bu.edu/cc104/four_elem_ans.html
OH-3
www.levity.com/alchemy/derstrae.html
OH-4
www.members.aol.com/iguana44/
OH-5
www.chateauversailles.fr/en/110-2.asp
Name  _________________________                   Group  _________________________
17th Century French Perfumes

Goal:
To create a perfume or cologne from the essential oils contained in plant materials through the process of distillation.

Prep:  Develop an experimental plan.
Perfume or Cologne?  Decide if you want to make a perfume or a cologne.  (They differ only in the amount of essential oil they contain.  We’ll worry about that later.  For now just think about the nature of your end product when deciding what ingredients to use.)

Lab Time.  You will have two lab periods to develop some samples.  You should be able to fit in one trial each day.  Plan enough time to clean the equipment before the class period ends.  At the end of each day, we’ll stop early so we can “experience” each group’s product.

Materials.  Decide what materials you will use to try to achieve your assigned fragrance.  You can use one to three ingredients in each trial.  Decide who will bring what material in what form (roots, bark, leaves, needles, stems, petals, skins, rinds, etc.)  You may want to do some research to determine what plants and plant parts are most aromatic and can survive the heat of distillation.

Experimental Plan.  Write down an experimental plan so you won’t be wasting time in the lab trying to decide what to do.  Consider how much of each material to try and in what combinations.  You may want to consider crushing the plant materials to release more of the essential oil contained in the plant.  How will you evaluate your product and make adjustments for the next trial if necessary?

Lab Day 1.

Prep.  Bring the following for the first day of lab: 1) written experimental plan; and 2) plant materials.

Documentation.  Assign someone the task of  writing down what you do for each trial.  Record the information listed on the attached lab report.  For “Materials Used,” figure out a way to quantify your materials – weight, size, etc.  Also, describe your materials with as much detail as you can.  Note the other information needed as the distillation progresses. 

1. The distillation equipment will be set up at your lab station (see Figure 1).  Check all the connections to make sure they’re secure.  Make sure you understand the purpose of each piece of equipment.
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Figure 1.
Setup II 





Source:  ChemCom: Chemistry in the Community.  American Chemical Society (1988), p. 144.

2.
Pour 100 ml of water into the distillation flask.  Add your plant materials and a boiling chip.  Put the rubber stopper with glass tube and thermometer carefully and securely into the flask, and make sure the flask is securely attached to the ring stand.  Turn on the Bunsen burner and heat the mixture slowly.

3.
Record the initial time and temperature.  Record the time and temperature at which the water starts boiling.  Record the time and temperature at which the first drop of distillate enters the graduated cylinder.

4. Continue to allow the mixture to boil at a gentle and even rate.  Do not allow the temperature to exceed 130(C.  Do not allow all the water in the distillation flask to boil away.  Either of these conditions could result in a broken thermometer or glassware.  

5. Turn off the Bunsen burner when you have approximately 10 ml of distillate if you are making a perfume and 2 ml if you are making a cologne.  Remove the graduated cylinder and replace it with an empty beaker to catch the remaining distillate.  Record the time and temperature.

6. Two layers should form in the graduated cylinder.  The top layer is the essential oils from the plant materials.  The bottom layer is water.  Record the total volume of the distillate and estimate the volume of the top layer.  

7. Decant the top layer: slowly and carefully pour the top oil layer into another (clean and empty) graduated cylinder, taking care to remove only that top layer.  When you think you have poured off as much as you can without removing any water, record the volume of essential oil in the second graduated cylinder.  

8. Pour the essential oil into a glass jar.  Label the jar with your group name, class period, etc.  Try to describe the aroma of your product. 

9. Perfumes contain approximately 25% essential oil (the distillate) and 75% ethyl alcohol.  Colognes contain approximately 5% essential oil and 95% ethyl alcohol.  Calculate how much ethyl alcohol you need to add to your distillate to make the desired end product.  Add this amount of ethyl alcohol to your distillate.  Try to describe the aroma of your product.  When finished, put the lid on the jar and set it aside for others to “experience.”

10. Clean the equipment so it is ready for the next class.

11. As a group, decide what to do in your next trial.  Consider… different amounts or combinations of materials, a shorter or longer boiling time?    

12. Take the time to evaluate other groups’ products.

Lab Day 2.

1.
Repeat the procedures of the previous day making adjustments as necessary depending on the previous day’s results.

Follow-up Questions.

Complete the follow-up questions in this handout.

Grading. (100 points total)


Experimental Plan (20 points)


Lab Work/Report (40 points)


Follow-up Questions (40 points)

Lab Report

	Group


	Class

	Date


	Trial

	Materials Used (Describe how much of each ingredient used.)

Perfume or Cologne?

	Event
	Time
	Temperature
	Aroma?

	Turned on Bunsen Burner
	
	
	

	Mixture started boiling
	
	
	

	First drop entered graduated cylinder
	
	
	

	Turned off Bunsen Burner
	
	
	

	Total volume of distillate in

graduated cylinder (ml):
	Volume of top layer

of distillate (ml):

	Volume of essential 

oil decanted (ml):
	Volume of ethyl alcohol 

(EtOH) needed (ml):


Calculations:

For perfumes:  ml EtOH = ml essential oil x 0.75

                                                    0.25

For colognes:  ml EtOH = ml essential oil x 0.95

                                                  0.05

Notes:

Follow-up Questions

1.
For Monsieur Martial’s benefit, write down the information he would need to reproduce your best perfume or cologne, and describe its fragrance.

2.
Assume you are a philosopher of science in the 17th century.  You know nothing about atoms or elements.  You believe all matter is made of tiny bodies called corpuscles.  How would you explain what is happening during the distillation process if someone asked you?  

3.
Assume you are a philosopher of science in the 17th century and you believe all matter is made of the four elements as promoted by Aristotle – earth, air, water, and fire.  How would you explain, in those terms, what is happening during the distillation process if someone asked you?  

4. You are now a 21st century chemistry student.(  Do either of the above two explanations resemble any aspect of what you know about chemistry today?  Explain.

5.
Explain whether or not you think your product turned out well (consider quality and quantity of fragrance).  What could you do to make it better?  (Consider materials and techniques.)

6. What is the general principle behind distillation – how are we able to separate some substances this way?  


Different boiling points – point at which liquid becomes a gas.  In this case, essential oils are separated from the rest of the plant due to their lower boiling points. 

7. Did the water and essential plant oils undergo a physical change or a chemical change during distillation?  Explain.  


Physical change – no interaction between materials.  They just changed phases.
8.
What must be the boiling point of essential oils relative to the boiling point of water in the set-up we used for them to be released from the plant during distillation?


The boiling points of essential oils must be the same or lower than the boiling point of water.  (Actually the boiling points of oils are normally higher than water, but due to the conditions in the still, they boil at a lower temperature – according to Dalton’s Law.  However, this is beyond the scope of an introductory chemistry class.)

9.
What must be true of essential oils if they float on top of the water in the distillate?


Most essential oils are less dense than water and so will float on top of the water.  However, some essential oils, like clove and anise oils, are more dense and so will sink to the bottom of the distillate.

10. Why is ethyl alcohol commonly used in perfumes?  


It is highly volatile (easily converted into a vapor).
11. Perfumes often consist of three parts – the top, middle, and bottom notes.  The top note is released first, then the middle note, and eventually the bottom note.  Which note would typically consist of substances having the highest molecular weight?  


The bottom note – larger molecules are less volatile than smaller molecules which would typically make up the top note.
12. If a lab group in this class achieved no fragrance or a very weak fragrance, what are some possible explanations for this?  


Materials used have low amounts of oil or are not able to survive this type of distillation.  Materials used may not be at their prime.  The amount and quality of oils, even in the same types of plants, vary with the many factors associated with planting, growth, and harvest.
Materials List
In addition to the equipment shown in Setup II in Figure 1, the following will be needed for this lab:


Balance


Boiling chips


Small beakers (50 ml) – one for each group (7)


A second set of graduated cylinders – one for each group (7)


Ethyl alcohol


Containers to store products – preferably dark-colored glass containers with tight stoppers.  (2 for each lab group – 14 x #classes)


Optional: spray bottles to dispense the perfume/cologne as a mist on the skin (if determined not to be a skin hazard).
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