Professor Gottfried 
Problems and Exercises in Physical Geology 
Topic: Mineralogy
I. Crystals
A. Crystal Growing Experiment
Purpose: The purpose of this activity is to acquaint students with the basic geometry of crystals using an inquiry-based format that will include detailed observations and interpretations of those observations. Students grow selected crystals and observe their growth using a stereo-microscope. This allows for a more accurate determination of the geometry of the crystals grown. Students are then introduced to the geometric properties of each crystal system and use their observations to determine the system for each solution.

Pertinent physical processes such as the super-saturation of liquids, processes involving evaporation and diffusion and chemical kinetics can be discussed as appropriate. This activity can be adapted for students from middle school up through undergraduate level geology. I have used version of this lab in a sophomore-level physics class where the mathematics (tensors, linear transformation, etc) of this exercise were stressed.

Objectives: 
1)   Record visual observations of various crystals and use the observed geometry to identify the crystal system. Comment on the symmetry content of each solution observed if possible.

2) Identify and test hypotheses about the processes that control crystal growth; 
3) Explain how this experiment models at least two types of rock-forming processes and evaluate each model.
Background: 

The following table lists the basic geometry for each system.

TABLE 1

	System
	Angle of Axes
	Length of Axes

	
	
	

	Isometric (cubic)
	All angles 900
	All three lengths the same

	Tetragonal
	All angles 900
	Only two lengths the same

	Orthorhombic
	All angles 900
	None of the lengths are equal

	Monoclinic
	Two axes are perpendicular to each other, but oblique to the third axes
	None of the axes are equal in length

	Triclinic
	No 900 angles
	No lengths are the same

	Hexagonal
	Three equal axes at 600 to each other; one axis perpendicular to this
	

	Hexagonal – Trigonal Rhombohedral
	No axes are 900 
	All lengths the same (compare the NaNO3 crystals to the NaCl crystals)



Procedure:


1. Place one drop of one of the solutions on a slide that is placed on the stage of the stereo-microscope. 

2. Observe and record the growth of the crystals. Describe the crystallization process for each of the crystals. Comment on your observations.

3. Find single crystals that are oriented in a way that allows you to estimate the relative length and angles of their axes. Use these crystals to determine the crystal system. 
4. Note the pattern of crystallization (e.g., where are the crystals forming within the drop?)

5. Repeat this until you have done this for all the solutions provided.

6. Notes: 
• Do not agitate the solutions, as this may inhibit crystal growth 
• The time for the first crystals to appear may vary. Many factors determine the rate and nature of crystal growth.  These factors include: 

— the temperature and pressure gradients of the system 

— the chemistry and structure of parent phase (solution, etc) 

— chemical and heat transport properties of the crystal 

— the lattice symmetry of the crystal 

— the presence of defects on the growing face 

— changing chemical gradients 

— density and viscosity of the solution 

— the area of the solid-solution interface 

— the thickness of the boundary layer 


Analysis:

1. Make a sketch of the crystals observed for each solution. 


2. List each solution and give the name of the crystal system you determined.

Support your answer with an appropriate discussion using your observations.  

It is OK to narrow down the possibilities if you can’t determine the specific system.


3. Comment on the crystallization process for each crystal observed. 

4. Describe some factors that might influence the growth of the crystals in the solutions you observed.

5. Did any solution seem to produce more than one crystal type? If so, which one(s)? What might be some reasons for this?

6. Graphite and diamonds are both made up of the same material, carbon atoms. (These are referred to as polymorphs.) Yet, their physical properties are very different. For example, look up the hardness of these two minerals. How do their crystal systems differ and how might this account for the difference in their physical properties?

7. Look around your classroom at the dimensions of the room. What crystal system best fits these dimensions?
Additional Items on Symmetry:
8. If you observed any of the wood or paper crystal models, give the number of the model and state the symmetry properties you are able to determine. 

9. Go to: http://www.iumsc.indiana.edu/morphology/cubic.html
 There you will find Java applets that show some of the major forms of the isometric system. By rotating the applets, identify the symmetry elements and location in each form
10. The letters of the alphabet have point symmetry that can be described by mirror planes and two-fold axes perpendicular to the page. Use the alphabet to find: 
a) three letters containing a single vertical mirror plane, but no horizontal mirror plane, 
b) three letters containing a single horizontal mirror plane, 
c) three letters containing BOTH a horizontal and vertical plane, 
d) two letters that contain a single 2-fold rotation axis (no mirrors) perpendicular to the page,
e) three letters containing none of the above symmetry elements. 
Preparing the Solutions:


Compound                                                              Add to 200 cc H2O. 

NaCI (Halite - Isometric) 




    100 g 

K3Fe(CN)6






      93 g 
(Potassium ferricyanide – Monoclinic) 

NaNO3 






    110 g 
(Sodium nitrate – Hexagonal, although some crystals might present as rhombohedral) 

Cu(CH3COO)2 •H20 




      20 g 
(Cupric acetate monohydrate - monoclinic) 

KNaC4H4O6•4H20 





    160 g 
(Rochelle salt – orthorhombic)) 

KAI(S04)2 






      40 g 
(Alum – isometric) 


Other Good Solutions:

N icklous Sulfate Hexahydrate (Tetragonal) 
Nicklous Sulfate Heptahydrate (Orthorhombic) 
Cupric Sulfate Pentahydrate (Triclinic) 
Sucrose 
Potassium Chloride 
Calcium Sulfate Monohydrate (Monoclinic) 
Calcium Carbonate (Hexagonal)

