TEACHER NOTES – THE SCIENCE OF WATER 
(Retrieved from http://nanosense.sri.com/activities/finefilters/scienceofwater/FF_Lesson2Teacher.pdf) 
Slide 1: The Science of Water
Ask students to think about where water is in this world, and what forms water comes in (solid, liquid, gas). Tell students that the focus of this lesson is on the special structure and characteristics of water that make it such a unique substance, a substance that we all depend upon for living.
Slide 2: Water in our World
Our planet is habitably warm because the sun’s rays (electromagnetic radiation), filtered through the atmosphere, collide into the earth. When they reach the surface of the earth, the earth absorbs some of the rays, heating the earth. Some of the sun’s rays are radiated back into the atmosphere as longer energy waves, infrared rays or heat. The gases in our atmosphere “trap” these energy waves, preventing them from escaping our atmosphere. The earth would be impossibly cold to live upon without this phenomenon, known as the “greenhouse” effect. Water is one of the greenhouse gases. There is much current concern over the amount of greenhouse gases entering the atmosphere and heating our planet to a growing degree. The emphasis of this attention has been mostly on the gases emitted from the combustion of fossil fuels, in other words, man’s contribution to greenhouse gases as a result of using gasoline to fuel vehicles. The human body is composed of water, among other substances. The total amount of water ranges from 50-80%, depending on age, amount of fat present, and other factors. The usual figure used for the amount of water in the normal adult body is 70%. Water is a major component of our blood, our lymph, our serous membranes, and other structures.
Slide 3: A Quick Overview
This set of slides presents a quick overview of the science of water. Each of the topics touched upon, such as models of the atom, bonding, charge distribution, physical properties, and chemical properties are big topics themselves. This set of slides is intended to present an overview only.

Discussion Question for Students: What are some of the properties of water that make it so essential to life on our planet? You may want your students to brainstorm what they already know about water’s unique properties. This is a good way to reveal students’ prior knowledge and to uncover any misconceptions about the properties of water.
Slide 4: All Matter is Composed of Atoms
Most students have heard about the particles that compose the atom, as well as the basic structure. They probably will know that the nucleus, while being very, very small compared with the overall volume of an atom, comprises the mass of an atom. The neutron and proton are nearly identical masses compared with the negligible mass of an electron. The purpose of this slide is to build knowledge about water’s unique structure, starting from the basics, with an emphasis on the charge characteristics of a water molecule. The structure to emphasize in this slide is the positively charged nucleus (of a “generic” atom). This will determine the overall charge distribution as well as the net charge on atoms joined together to form molecules.
Slide 5: Subatomic Particles Composing the Atom
This chart represents a simplified version of the relative size, location, and charges of the proton, neutron, and electron. For reference, a proton has a mass of 1.672 x 10-27 kg and a charge of +1, a neutron has a mass of 1.675 x 10-27 kg and no charge. An electron has a charge of -1 (the same magnitude as a proton’s charge, but opposite in direction). The electron is described as having characteristics of a particle and a wave, depending upon the situation. (The photoelectric effect demonstrated by Einstein illustrates the particle behavior of an electron and Young’s double slit experiment demonstrated an electron’s wave behavior.) All things point to the electron having no measurable size at this time, although our ability to measure incredibly small objects is limited.
Slide 6: The Quantum Atom
Again, the electron cloud representation as determined by quantum mechanics is shown here. The big points are:

1. The dots that represent the orbital cloud indicate a probability distribution of where an electron might be found. The more dense areas of the cloud represent areas of higher probability. The less dense, as depicted by the decreasing density of dots as one moves farther away from the nucleus, the less probability there is of finding an electron.

2. Electrons are constantly moving really, really fast. That means that the electric charge they carry is moving really, really fast as well. This overall or “net” electric charge distribution is what determines all bonding.

3. Electrons have a “quanta” of energy. Bohr learned that electrons could gain or lose only a specific quantum of energy. To illustrate this, think about a glass that you can fill with water, and stop filling at any position. Electrons are not like that. You may only “fill” by specific increments. These increments are individual to each electron in each atom. They can be measured when an electron “loses” energy by releasing a photon of light. This photon of light can be measured in terms of its wavelength, making it possible to determine its energy.
Slide 7: Question Slide
Questions for Students: What do students think? Why do we care about what atoms are made of?

This is another time that, within a class discussion, you may be afforded the opportunity to see what students understand and the discussion may allow any misconceptions to surface. Misconceptions are important to address, as they are very powerfully embedded in students’ understanding of the world. They are resistant to being replaced with more accurate scientific information.
Slide 8: Electric Charge
Traditional curriculum underemphasizes the role of electric charge in chemistry. Often forces are addressed in physical science curriculum during middle school classes or in physics as an advanced course in high school. It is important for students to realize that these “swarms” of electrons represent an attractive (to positive charges) and repulsive (to negative charges) moving force. This is a very dynamic concept.
Slide 9: Net Charge of an Atom or Ion
This slide is to remind students that the net charge of an atom comes from the total amount of protons (positive charge) in the nucleus and the total amount of electrons (negative charge) in that atom. In addition to that, there may be an equal distribution of electric charge around some atoms, resulting in a polar molecule (a molecule that has a separation of charges).
Slide 10: Atoms Bond
This slide focuses on how opposite charges will form a bond and that a bond between two atoms represents a lower energy state for both of the atoms bonded together than if they were not bonded. Students may or may not know this. One of the laws of nature is that matter will always move to the lowest energy state possible. The lowest energy state is the most stable position for matter to obtain.
Slide 11: Why are Bonds Formed?
This slide highlights again that bonds are formed because of the attraction of oppositely charged particles. What causes atoms or particles to have opposite charges is not covered by this unit. That is another extensive subject that is beyond the scope of this slide set. This subject is a typical component in college preparatory chemistry.
Slide 12: Forming a Water Molecule
This is a depiction of the orbital representation of two hydrogen atoms and an oxygen atom, bonded, and their distribution of charges when they come together to form a water molecule. The slide mentions “electronegativity.” Electronegativity is a man-made composite value of the relative amount of each of the elements to attract an electron to it. To obtain this value, several measures of each of the atoms are considered: first and second ionization energies, disassociation energy, and electron affinities. Linus Pauling was the first among many others to create this value. It has trends in the periodic table. Four is the highest electronegative number, assigned to fluorine, while one is the lowest. To determine the type of bond that two atoms make, one must subtract the electronegative value of each atom. Though this is a continuum scale, if this difference is approximately 0.5, the bond is considered a non-polar covalent. If the difference is between 0.5 and 1.6 (this varies), then the bond between the two atoms is a polar covalent one. If the difference in the electronegativity values of the two atoms is greater than 1.6 (or so) then the bond is an ionic bond.
Slide 13: Electron Density is Uneven
This slide depicts the density of the distribution of negative charges on the water molecule. This representation is somewhat controversial on the part of teachers. Some students expressed liking this representation, however, because it helped them to visualize an uneven distribution of electrons. The shaded area represents the strongest distribution of negative charges and the lighter areas represent the lower distribution of negative charges. The big point of this slide is to communicate the idea that on the water molecule there is a partial positive end and a partial negative end.
Slide 14: Water is a Polar Molecule
A more detailed picture of the water molecule further illustrates the previous slide. If students have not seen the symbol δ+ (partial positive charge) and δ- (partial negative charge), this would be a good time to explain these commonly used symbols.
Slide 15: Hydrogen Bonding I
Hydrogen bonding occurs in small molecules with a highly electronegative nonmetal element (N, Cl, O, F) that bonds with hydrogen. The attraction of hydrogen’s lone electrons toward the highly electronegative atom results in a separation of charge on the molecule. Water is the most famous case of this. Hydrogen bonding occurs between adjacent molecules. While it is weaker than ionic or covalent bonding, which occurs between atoms to form molecules or ionic compounds, it is a stronger bond than Van der Walls forces that occur between adjacent molecules.
Slide 16: Hydrogen Bonding II
This is a clever animation that illustrates hydrogen bonding. If you have a hard time enabling the link embedded into this PowerPoint slide, try:

http://www.northland.cc.mn.us/biology/Biology1111/animations/hydrogenbonds.html
Slide 17: Hydrogen Bonding Representation
The water molecule in the center shows the partial positive and negative charges. The illustration on the right depicts these charges among several individual water molecules that are bonded (represented by the dotted line) negative end to positive end.
Slide 18: Unique Properties of Water
Although there are more unique properties of water, the ones listed on this slide are

generally thought to be the most important. This slide will serve as an introduction to

these properties. Each of these properties is explained further in the following slides.

Figure 1. Surface of water with forces that prevent a particle from sinking (left) and

forces of two water molecules (right).
Slide 19: High Surface Tension
This slide introduces the concept of surface tension. One way of describing surface tension is to point out that sometimes water acts like a “skin.” This results from the surface water molecules clinging to each other and NOT to the air molecules over them.
Slide 20: Question Slide
Question for Students: Can you explain why this drop sticks to the leaf and grows larger? Ask students to explain how water forms drops AND how water sticks to the leaf, instead of gravity pulling it down.
Slide 21: Question Slide
Question for Students: Or how this spider can walk on water? The spider has very light feet that don’t “puncture” the water. The water behaves like a skin, buoying up the spider.
Slide 22: Adhesion
Adhesion occurs when the water molecules are more attracted to the sides of a small diameter tube than they are to each other. This accounts for phenomena like the meniscus in tubular glassware, or for the capillary action that draws water up into the xylem (small tubes throughout a plant that transmit water) of a plant.
Slide 23: High Specific Heat Keeps Beaches Cooler in the Day and Warmer at Night!
Definition: Specific heat is the amount of energy required to change 1 gram of a substance 1o Celsius. Water has a relatively high specific heat. This means that it will absorb a lot of heat energy before raising the temperature of the water. If you live near a large body of water, the air temperature will not be as hot during the day. The water absorbs a lot of the heat, making air temperature milder than it is inland. When the sun goes down, the water slowly releases the heat that it has absorbed during the daytime. The night air temperature is warmer than the air inland. Climates are milder near large bodies of water than they are away from water.

Warm-blooded animals regulate their internal temperatures by being composed of large amounts of water. This water is slow to heat and slow to cool, moderating temperatures from outside of the body to inside the body. During periods of extreme heat, animals can release heat by sweating. The sweat on the outside of the skin absorbs energy as it evaporates off of the skin, cooling the temperature of the skin beneath the sweat.
Slide 24: Solid, Liquid, and Gas
Have students think about any other substance that is found naturally on earth in more than one phase of matter. Water is the only one to exist naturally in all three phases.
Slide 25: Ice is Less Dense than Water I
This table illustrates that water is the most dense at 4oC. Have students examine the figures for the density of water at different temperatures.
Slide 26: Ice is Less Dense than Water II
This slide is just a visual to illustrate a macro-picture of an ice crystal and a nano-picture of ice as a solid. The crystal lattice structure of ice literally expands the structure of water as a solid, which will then collapse and become denser when melted.
Slide 27: Question Slide
Questions for Students: Can you imagine if ice did not float? How do you think that would affect the world?
Slide 28: Water is a Universal Solvent
Water is often described as a universal solvent. This is not really accurate. Water can dissolve polar or ionic substances. Water cannot dissolve nonpolar substances. Water’s positive end and negative end have nothing to be differentially attracted to in a nonpolar substance. Water also cannot dissolve ionic substances that are more attracted to each other than they are to the overall force of the water molecules that surround the ions. This process of dissolving is known as solvation.
Slide 29: Important Points
Have students discuss these questions and review the important concepts presented in this lesson.
