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Performing Well Under Pressure

Diamonds and Crystalline Structure

Time Allotment: Two to three 45-minute class periods

Overview: The rarity and unique physical properties of diamonds have earned them an important place in our society.  Large and rare diamonds have been the mark of royalty, and today they are showy status symbols of the rich and famous.  Smaller diamonds adorn the engagement rings and jewelry of millions of more ‘ordinary’ people.  The search for and marketing of diamonds affects individuals, societies, and economies in both positive and negative ways. (see the books Diamond: The History of a Cold-Blooded Love Affair By Matthew Hart – Plume (August 27, 2002)  ISBN: 0452283701, Blood Diamonds by Greg Campbell - Westview Press (February 2004)  ISBN: 0813342201, and The Heartless Stone: A Journey Through the World of Diamonds, Deceit, and Desire by Tom Zoellner - Picador (June 12, 2007) ISBN: 0312339704).
Using clips from the Nature episode “Diamonds”, students will explore the nature of diamonds to understand the relationship between environment of formation and the resulting crystal structures and the physical properties of earth materials.  Students will also be introduced to the silica tetrahedron and the silicate minerals, build physical models of silicate structures, and determine the physical properties of several common silicate mineral samples.
NOTE: This lesson should be done only after students have been introduced to the concepts of minerals and the physical properties (luster, hardness, and cleavage/fracture at least) used to identify them.
Subject Matter:  Earth Science, Mineralogy, Crystallography, Science and Society
Learning Objectives:

Students will be able to:

State and illustrate with examples that the physical properties of minerals are a function of their crystal structures.
Construct simple models of olivine, pyroxenes, amphiboles, and micas using 3 dimensional silicate tetrahedron models.

Determine some physical properties of minerals.

NY Learning Standards:
Standard 1: Analysis, Inquiry, and Design

Students will use mathematical analysis, scientific inquiry, and engineering design, as appropriate,

to pose questions, seek answers, and develop solutions.

Key Idea 3. The observations made while testing proposed explanations, when analyzed using conventional and invented methods, provide new insights into phenomena.

Performance Indicators (Commencement):

· Students design charts, tables, graphs and other representations of observations in conventional and creative ways to help them address their research question or hypothesis.

· Students interpret the organized data to answer the research question or hypothesis and to gain insight into the problem.

· Students modify their personal understanding of phenomena based on evaluation of their hypothesis.

Standard 4: Science
Students will understand and apply scientific concepts, principles, and theories pertaining to the physical setting and living environment and recognize the historical development of ideas in science.

Key Idea 3. Matter is made up of particles whose properties determine the observable characteristics of matter and its reactivity..

Performance Indicators:

· Commencement: Students explain the properties of materials in terms of the arrangement and properties of the atoms that compose them
Media Components:

Video

PBS, Nature: “Diamonds”

Clip 1: “Diamonds Everywhere” (2 clips joined together 4:47 – 5:38 and 7:06 to 8:03) A brief introduction to some really valuable diamonds, and the socio-economic value of diamonds.
Clip 1a: “How Are Diamonds Formed?”Authority describes conditions necessary, composition, and source of carbon for diamond formation (14:27 – 15:34)
Clip 2: “How Is the Age of a Diamond Determined?” Description of inclusions and determination of age of diamonds (17:40 – 18:54)
Clip 3: “What Determines the Physical Properties of a Diamond?” Description of diamond’s hardness as a result of chemical bonds (17:24 – 17:40)

Web Sites

Space.com

http://www.space.com/scienceastronomy/planetearth/diamond_stars.html
Article stating problems with diamonds being made from coal.

Geology.com

http://geology.com/news/2005/06/how-do-diamonds-form.html
How diamonds form

The Virtual Museum of Minerals and Molecules

http://virtual-museum.soils.wisc.edu/elements.html
Graphite crystal visualization
http://virtual-museum.soils.wisc.edu/graphite/index.html
Diamond crystal visualization

http://virtual-museum.soils.wisc.edu/diamond/index.html
Students can manipulate 3D models of crystal of each mineral in an attempt to find similarities and differences in crystal form.

Silicate Structures

http://www.soils.wisc.edu/courses/SS325/silicon.gif  Silica Tetrahedron
http://comp.uark.edu/~sboss/study1b.jpg  Olivine

http://comp.uark.edu/~sboss/study1c.jpg  Single Chain
http://comp.uark.edu/~sboss/study1d.jpg  Double Chain.

http://comp.uark.edu/~sboss/study1e.jpg  Sheets
Animations of silicate structures:
http://highered.mcgraw-hill.com/sites/0072402466/student_view0/chapter2/animations_and_movies.html#
Student handouts:

Tetrahedron cutouts (tetrahedrons.pdf)

Diamond Discussion worksheet

Materials:

For each student:

· 2 pages of tetrahedron model cutouts (tetrahedrons.pdf)
· Printout of practice Regents Exam questions (mineralpractice.pdf)

· Envelopes or plastic zip-lock bags for student tetrahedron cutouts.

· NY Earth Science Reference Tables (ESRT’s) or a copy of Pages 8 and 11 of the ESRT
· Diamond Discussion worksheet

· Computer workstation (may be shared by two to four students) with internet access and updated browser installed.
· Small workspace adjacent to computer (See note under “Preparation for Teachers”)
· A mineral testing kit consisting of one sample each of olivine, augite, hornblende, and muscovite mica, one streak plate, and one glass hardness testing plate - one set for every 3 or 4 students.

For the Classroom
· One computer with broadband internet access

· Digital projector for computer

· Glue sticks or paste

· Zip top plastic sandwich bags (to hold “mineral kits” described above.
· Plastic trash bag or box to hold tetrahedrons

Preparation for Teachers
NOTE: This lesson should only be done after students have been introduced to the concepts of minerals and the common physical properties (luster, hardness, and cleavage/fracture at least) used to identify them.

The ideal setup for this lesson would be a workstation or laptop at a small lab table or station for each group of 3 or 4 students.  If that set up is not possible, read through this lesson and decide how best to make it work in your classroom situation.
Test student workstations for compatibility with jmol scripts by running the Virtual Museum Web pages (most recent machines and browsers automatically support jmol.  If yours do not, get your tech people to make the proper adjustments/settings and test the computers yourself before attempting this lesson.)
Bookmark Clips 1, 1a, 2 and 3 in the classroom display computer browser.

Bookmark the following web pages in your and students’ browsers.  (Alternatively, create a word document with the links to the Virtual Museum, Space.com, and Geology.com Web pages. and save it to a folder on your school’s network that the students can access.)
Make copies of the Diamond Discussion worksheets for each student.
Make copies of pages 8 and 11 of the ESRT if students do not have them already.
Make 2 copies of the Silica Tetrahedron cutout sheets for each student (and a few extras, too)

Cut out and assemble a few tetrahedron models yourself, noting tricks you learn to share with your students when you do the activity in class.

Prepare enough mineral kits for groups of 3 or 4 students containing a sample each of olivine, augite (pyroxene), hornblende (amphibole), biotite or muscovite (mica), a streak plate, and a glass hardness testing plate.
When using media, always provide a FOCUS FOR MEDIA INTERACTION – a specific task to complete and/or information to identify during or after the viewing of video segments, Web sites, or other multimedia.
Pre Lesson Student “Homework”
Step 1: Two days before the intended date of the lesson, hand out 2 pages of Silica Tetrahedron cut out pages and an envelope/plastic bag.  Have students write their names on the envelope or bag.  Instruct them to cut out their tetrahedrons at home, and bring the cutouts to class in the envelope/plastic bag the next day. Collect the envelopes/bags, and give students who forgot one more day to get them done (you may have to hand out new cutout pages and envelopes/bags).  You may also hand out more sheets to students who are interested in cutting out a few more.  The more of these things you have, the better!
Introductory Activity

Play Clip 1: FOCUS FOR MEDIA INTERACTION – Ask students.to watch/listen carefully and to think about what they know about diamonds.  When the clip is finished, ask the following questions and allow students to share their experiences with the rest of the class, “Have any of you ever seen or handled a real diamond?  Where?.  Have any of you ever seen or handled a diamond the size of ones shown in the video clip?  Where would you go if you wanted to see one like that?”
Then say, “Today we’re going to take some time to learn a little about where and how diamonds are formed, and what makes them both rare and valuable.  And we’ll build on that discussion to learn some things about more common minerals, the ones in the rocks we find around us every day.”
Classroom Activities
Step 1.  Play Clip 1a:  FOCUS FOR MEDIA INTERACTION – Ask students.to write down the conditions necessary to form diamonds, the composition of diamond, and why they are so rare on the Diamond Discussion worksheet.
When you finish showing the clip, circulate around the room and see what students are writing.  You may want to ask a few of them with good answers to share them with the rest of the class.
Step 2.  Play Clip 2 “How Is the Age of a Diamond Determined?” FOCUS FOR MEDIA INTERACTION – Have students pay close attention to how the age of a diamond is determined and record on the Diamond Discussion worksheet a brief explanation of the process.  Finally, have students listen carefully to (and record) the possible ages of most diamonds suggested by the scientist and narrator.
Step 3.  Refer students to page 8 of the ESRT (or hand out copies of ESRT Page 8 for student use) and direct them to work together on question 4 on the Diamond Discussion worksheet.  Circulate around the room giving hints and providing encouragement as students determine the time period and mark their reference tables.
Step 4.  Tell students, “The actual source of carbon in the formation of diamonds is not known for sure.  Go to the Space.com and Geology.com Web sites to answer question 5 on the Diamond Discussion worksheet.”  Circulate around the room offering help and encouragement as students work on the question.
Step 5.  Play Clip 3 “What Determines the Physical Properties of a Diamond?” FOCUS FOR MEDIA INTERACTION – Ask students to list the physical properties of diamond described in the clip, and any others they may think of or know of, on question 7 of the Diamond Discussion worksheet.. When students have completed that question, play the clip again, asking them this time to listen carefully to learn (and record) what gives this special form of carbon its unique properties.(question 7 on the 
Diamond Discussion worksheet).  Make sure that students understand that is the crystalline structure / the arrangement of the carbon atoms that are responsible for diamond’s properties
Step 7. Explain to students that “pure carbon atoms can be arranged in other crystalline arrangements, too.  Graphite – what you know as “pencil lead” (there’s no lead in pencil lead at all!) is pure carbon just like diamond, but the atoms are arranged differently”.  Then direct students to point their browsers to the following Web pages: 

Graphite crystal visualization

http://virtual-museum.soils.wisc.edu/graphite/index.html
and the

Diamond crystal visualization

http://virtual-museum.soils.wisc.edu/diamond/index.html
and to begin working on question 8 on the Diamond Discussion worksheet.

Step 8.  Explain to students that “the physical properties of minerals are the external expression of the crystalline structure of the minerals, and both composition and arrangement of atoms are important in determining the physical properties.”
Step 9.  Direct students to page 11 of the ESRT (or this document: ESRT Page 11.pdf), and ask them which 2 atoms are the most abundant in the earth’s crust. (answer: oxygen and silicone), and explain, “That while diamonds are quite rare, the abundance of minerals that contain oxides of silicon, or silica, reflect the abundance of oxygen and silicon, and are quite common.”

Step 10.  Display Web image http://www.soils.wisc.edu/courses/SS325/silicon.gif, and explain that this arrangement of 4 oxygen atoms surrounding a silicon atom is the basic building block of many common minerals. FOCUS FOR MEDIA INTERACTION – Ask students to describe the shape of each side of the silica structure, and to count the sides (each side is an equilateral triangle, and there are 4 sides).  Explain that “a four sided regular solid is called a tetrahedron (tetra = 4 and hedron = sides), and that the oxide of silicon forms a silica tetrahedron and that they are arranged in very specific patterns in different silicate minerals.”
Step 11.  Display Web animation http://highered.mcgraw-hill.com/sites/0072402466/student_view0/chapter2/animations_and_movies.html#  FOCUS FOR MEDIA INTERACTION – Ask students to describe (in their own words, the various patterns illustrated in the animation.
Hand out the envelopes/bags of previously prepared tetrahedron cut outs, and a glue stick for every 3 or 4 students.  Demonstrate for the class the folding of a tetrahedron cutout into a 3 dimensional tetrahedron, and glue/paste it together.  Then have students make as many 3 dimensional tetrahedrons as they have cut outs for.  Circulate around the room offering encouragement and helping where needed.
Step 12. Distribute small hand samples of olivine, augite (pyroxene), hornblende (amphibole), and mica (muscovite or biotite) to each group of students.  Direct them to these Web pages:
http://comp.uark.edu/~sboss/study1b.jpg  Olivine

http://comp.uark.edu/~sboss/study1c.jpg  Single Chain Augite (pyroxene group)
http://comp.uark.edu/~sboss/study1d.jpg  Double Chain. Hornblende (amphibole group)
http://comp.uark.edu/~sboss/study1e.jpg  Sheet Biotite or Muscovite (mica group)
and have them construct models of each structure, in order, doing the following as they construct each mineral: Say, “As you construct the model of each mineral, sketch it, and then determine the luster, whether it cleaves or fractures, the streak, and the hardness of the sample, and record that information on your Diamond Discussion worksheet.
As students get to work, circulate around the room and make sure that your students are doing the following on the Diamond Discussion worksheet (question 8):

· Writing the name of the mineral that has that particular tetrahedron arrangement

· Sketching the structure they’ve ‘built’ on the Diamond Discussion worksheet

· Examining the hand sample of that mineral, and recording the physical properties of each on the Diamond Discussion worksheet.
Step 13.  Collect and save three dimensional tetrahedrons in a box or plastic trash bag for use in the future.
Step 14.  Hand out and 

