Magical Water/Cloud in a bottle 
Follow up reading 
Water’s Chemistry

The behavior of water in all states- solid, liquid, and gas- is largely attributable to its molecular structure. The water molecule is made up of one oxygen atom and two hydrogen atoms. The arrangement of the atoms within the water molecule results in polarity, meaning that the water molecules have slightly positive and negative charges on opposite sides. The hydrogen side carries a slightly positive charge while the oxygen side carries a slightly negative charge. 

[image: image1.emf]This polar configuration of the water molecule is the most stable arrangement of the oxygen and hydrogen atoms. The arrangement allows each hydrogen atom to share a pair of electrons with the oxygen atom through a covalent (shared electrons) bond. 

While covalent bonds exist within water molecules, a cohesive force called hydrogen bonding acts between water molecules. Hydrogen bonding results from the attraction between the positively charged side of one molecule and the negatively charged side of another. Hydrogen bonds are largely responsible for properties of liquid water such as its dissolving power, surface tension, capillary action, and droplet formation. 
Why is water sticky?

Water is highly cohesive—it is the highest of the non-metallic liquids. Water is sticky and clumps together into drops because of its cohesive properties, but chemistry and electricity are involved at a more detailed level to make this possible. More precisely, the positive and negative charges of the hydrogen and oxygen atoms that make up water molecules makes them attracted to each other. If you've played with bar magnets you will know that the positive (+) side of one magnet will repel the other positive side, while a negative (-) side of one magnet will attract the positive side of the other magnet. Positive charges attract negative charges.
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In a water molecule, the two hydrogen atoms align themselves along one side of the oxygen atom, with the result being that the oxygen side has a slight negative charge and the side with the hydrogen atoms has a slight positive charge. Thus when the positive side on one water molecule comes near the negative side of another water molecule, they attract each other and form a bond. This "bipolar" nature of water molecules gives water its cohesive nature, and thus, its stickiness and clumpability (maybe "dropability" is a better term?).
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Adhesion and Cohesion of Water

Cohesion: Water is attracted to water
Adhesion: Water is attracted to other substances

Adhesion and cohesion are water properties that affect every water molecule on earth and also the interaction of water molecules with molecules of other substances. Essentially, cohesion and adhesion are the "stickiness" that water molecules have for each other and for other substances. You can see this in the picture above right. The water drop is composed of water molecules that like to stick together, an example of the property of cohesion. The water drop is stuck to the end of the pine needles, which is an example of the property of adhesion. Notice I also threw in the all-important property of gravity, which is causing the water drops to roll along the pine needle, attempting to fall downwards. It is lucky for the drops that adhesion is holding them, at least for now, to the pine needle.

Cohesion makes a water drop a drop
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It is easy to see that the drop seems to have a "skin" holding it into a sort of flattened sphere (although there is nothing flat about a water drop in outer space.). It turns out that this surface tension is the result of the tendency of water molecules to attract one another. The natural form of a water drop occurs in the "lowest energy state", the state where the atoms in the molecule are using the least amount of energy. For water, this state happens when a water molecule is surrounded on all sides by other water molecules, which creates a sphere or ball (perfectly round if it was in outer space). On Earth, the effect of gravity flattens this ideal sphere into the drop shape we see. Although you may have heard of a "skin" where water meets the air, this is not really an accurate description, as there is nothing other than water in the drop.

What causes clouds to form in the atmosphere?
The atmosphere’s clouds are primarily made of liquid water and frozen water, and water vapor is a common gas of the atmosphere- making up sometimes as much as 4% of its total gases. Because these two systems are so closely linked, it can be helpful to know a bit about how water behaves and how clouds form. 
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Water exists on Earth as a liquid, solid (ice), and gas (water vapor), and frequently changes between these phases, or states. Water has the same molecular composition (H2O) and the same molecular structure 

Whether it is a solid, liquid, or a gas. The thing that differs between states is the amount of energy associated with the water. For example, it takes an input of energy to turn liquid water into water vapor. As energy is added, the water is warmed, and its molecules begin to move faster and faster. As they increase in speed, the distance between molecules increases and the intermolecular bonds between them weaken. When enough energy has been added, the water molecules can move far enough apart such that the liquid water becomes water vapor. 
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Recall the phase change diagram. LOOK AT IT AGAIN!!!! Each of water’s phase changes has a scientific name. Melting is when ice becomes water. Evaporation is when liquid water becomes water vapor. Sublimation occurs when solid ice becomes water [image: image6.png]


vapor without first melting into liquid water. Condensation is when vapor becomes liquid water. Freezing is when water becomes ice. Deposition occurs when gaseous vapor becomes solid ice, without first condensing into liquid water. 
[image: image7.emf]
Clouds

Clouds form when the vapor (gas) in the atmosphere changes state into liquid water or ice. The type of cloud formed depends on several factors, most notable the amount of water vapor in the air. Air with a large amount of water vapor tends to make larger, denser clouds than air with little water vapor. The amount of cooling also matters – more cooling results in dense clouds (ex. Cumulonimbus clouds), and less cooling results in thinner clouds (ex. Stratus clouds). Having atmospheric particles is also helpful for cloud formation as they provide starting points, called nucleation sites, for water vapor to attach to. The atmospheric particles serve as condensation nuclei and are often microscopic in size and are introduced into the atmosphere from the soil, plants, the ocean, and from natural and human-made combustion processes. Condensation nuclei are necessary to help the water droplets overcome the inhibiting effect of surface tension at the interface between the droplet and the air. As condensation continues, water molecules coalesce into cloud droplets, the precursors of raindrops and other forms of precipitation. 
[image: image8.emf]As more and more droplets and ice crystal join the cloud, they begin to stick together and the cloud increases in size. Eventually the atmosphere’s gases can no longer support the increased weight of all the droplets and crystals, and they begin to fall toward Earth’s surface, resulting in precipitation (rain, sleet, snow). It is important to note that not all clouds produce precipitation. Some clouds form, exist for a while, and then the liquid water and frozen water change state back to water vapor and dissipate. 

When cloud droplets, supercooled cloud droplets, or ice crystals form in sufficient numbers, they become visible as clouds. The type, size, and shape of clouds depend on the nature of the cloud droplets or ice crystals and on existing atmospheric conditions. Clouds are most commonly commonly classified according to their appearance, falling into one of three major subdivisions:
· Cirrus (hair like): high, feathery clouds composed of ice crystals

· Stratus (layered): clouds composed of water droplets that form in layers

· Cumulus (pile or heap): detached clouds composed of water droplets having the appearance of a mound, dome, or tower 

It is also worth remembering that when you see your breath or see fog, steam, and clouds, you are not seeing water vapor. Water vapor is an invisible gas. When you see fog, steam and clouds, the water you’re seeing is in a liquid or solid state. 

Adapted from http://water.usgs.gov/edu/adhesion.html
