Instructional Objectives:

Chemistry is no longer a course just for college-bound students.  Our classes include diverse groups of individuals who are not only trying to fulfill a college and/or high school requirement, but also those who realize the value of learning chemistry and those who do not.  Chemistry is a part of everything we do every day from breathing, to eating, to the clothes we wear and the products we use.  Yet, many of the concepts we teach are difficult for the students to understand, because they need to be able to visualize what is going on at the atomic level.  We do our best to help students with this through demonstrations, laboratory experiences, posters and videos, but being able to attend a field trip where chemistry has been at work for millions of years is invaluable.  To enhance student experience, Chemistry teachers at HHS took a field trip to Luray Caverns in Luray, VA in 2011 and 2012.

A field trip to Luray Caverns with the high school chemistry classes gives students an opportunity to observe many of the core learning goals for chemistry in a natural setting. Below is a list of the core learning goals that we believe were in this field trip.
Expectation 

4.1 The student will explain that atoms have structure and this structure serves as the basis for the properties of elements and the bonds that they form.

Indicator

4.1.3 The student will explain how atoms interact with other atoms through the transfer and sharing of electrons in the formation of chemical bonds.

· formation of ions (relate charge of ions to number of electrons gained or lost as determined by valence electrons / location of elements on Periodic Table; cation; anion) 

· formation of ionic bond (definition; metal-nonmetal; based on valence electrons / location of elements on the Periodic Table)

4.2 The student will explain how the properties of compounds are related to the arrangement and type of atoms they contain.

· water (definition and explanation of shape and polarity of molecule, observed changes in density as phases change, use as a “universal” solvent; conceptual understanding of hydrogen bonding, high surface tension) 

Indicator

4.2.3 The student will describe the properties of solutions and explain how they form.

· solute, solvent, and solubility 

· suspensions and colloids 

· concentration (relative: dilute, concentrated, unsaturated, saturated, supersaturated; molarity – conceptual only; interpretation of solubility curves) 

· dissociation/ionization (basic description; factors that influence rate: surface area of solute, temperature, agitation)

Indicator

4.2.4 The student will differentiate among acids, bases, and salts based on their properties.

· Arrhenius definition (H+ and OH-) 

· ability of water to act as either an acid or a base 

Expectation 

4.5 The student will explain that matter undergoes transformations, resulting in products that are different from the reactants.

Indicator

4.5.1 The student will describe the general types of chemical reactions.

· apply solubility rules to predict if a precipitate will form) 

Indicator

4.5.4 The student will recognize that chemical reactions occur at different speeds.

· reaction rate (in order for atoms to react they must collide with sufficient energy; reaction rate increases as frequency of molecular collisions increases) 

· effects of surface area, temperature, and concentration on the frequency and energy of molecular collisions (no calculations or specific concentration units) 

Most chemistry students do not get the opportunity to combine a structured learning experience with a natural setting involving chemistry.  Luray Caverns are home to one of the most incredible displays of stalactites and stalagmites in the world; these natural formations are all the products of chemistry, more specifically Solution Chemistry.  
The chemicals that form the stalactites and stalagmites of Luray Cavern were once part of the ocean water and/or ocean animals, and then became part of the ocean floor. As a result of the Earth’s plate tectonics, the ocean floor was tilted upward and formed the Appalachian mountain range.  Limestone is a type of rock found in the Appalachian mountain range.  It is a sedimentary rock composed largely of the mineral calcite (calcium carbonate, CaCO3).  Calcite can be either dissolved by groundwater or precipitated by groundwater, depending on several factors including the water temperature, pH, and dissolved ion concentrations.  The cavern formations were formed from the precipitation of crystallized calcite over millions of years. “There are many factors that can impact the shape and color of formations, including the rate and direction of the seepage, the amount of acid in the water, the temperature and humidity content of a cave, air currents, the above ground climate, the amount of annual rainfall and the density of the plant cover. All coloration in Luray Caverns is natural, caused by different minerals in the seeping ground water. White is the color of calcium carbonate in its pure form. Other elements absorbed from the soil and rock layers create impure forms of calcite. Reds and yellows are caused by iron and iron-stained clays, black is the result of manganese dioxide, and blues and greens are the result of solutions of copper minerals. “(Excerpt from the Luray Caverns website)
Ions and solution chemistry are often one of the most difficult areas of chemistry for students to grasp.  The balancing of charges and the combination of elements in complex ions seem for many students too abstract because they cannot see what is happening.  We, as teachers, can do many labs involving interesting color changes and the formation of precipitates with the students, but for many students this does not affect their world and therefore doesn’t matter beyond the classroom door.  By observing these mineral deposits in person and listening to the educators at the caverns, students get a more practical picture of the abstract concepts involved with Solution Chemistry.  It is important for students to see that these concepts do have applications outside of the classroom, and this is something that pictures or a video or even a lab demonstration cannot relay as effectively or as meaningfully as a personal experience. 
