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   STEM 

 


Thermal Expansion of Sea Water—an Experiment
(teachers guide—suggested answers in red italics)
Background

Each water molecule includes one oxygen atom and two hydrogen atoms that share electrons in covalent bonds.  Because oxygen atoms have a higher electron affinity than hydrogen atoms, the electrons that move back and forth between the two hydrogen atoms and the oxygen atom spend more time on the oxygen atom than on the hydrogen atoms.  As a result, the oxygen ends of water molecules have a slightly negative charge and the hydrogen ends have a slightly positive charge. Therefore, water molecules are referred to as polar molecules.  
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Negatively charged oxygen ends of water molecules are attracted to hydrogen ends of different water molecules.  The attraction between water molecules is called a hydrogen bond.  Hydrogen bonds are much easier to break than covalent bonds within water molecules. Even so, hydrogen bonds are responsible for many of the unusual characteristics of water.
   
 Water molecules lose kinetic energy as the temperature decreases to the freezing point.  The hydrogen bond between water molecules organizes ice into a hexagonal solid structure.  Ice has a fairly open (or low density) structure.  

When ice melts, ice structures will collapse and the hydrogen bonds between water molecules will pull the water molecules closer together until water reaches a temperature of 4º Celsius. That is the temperature where water has its greatest density.
[image: image4.wmf]As the temperature of liquid water rises above 4º Celsius, the kinetic energy of the water molecules continues to rise and the hydrogen bonds between water molecules are not able to prevent the water molecules from moving apart. As a result, a body of will expand as its temperature rises above 4º Celsius.
Supplies

· 25 ml Graduated cylinder that can withstand heat.  Graduations should be 0.5 ml or 0.2 ml
· Refrigerated water (~15º C)

· Cork with a hole in it that fits snugly in the cylinder

· Thermometer (fits snugly into the hole)
· Pot holders

· Graph paper or graphing program


Procedure

Perform the following experiment and record your results in a data sheet.  Based on what you know about hydrogen bonds and the characteristics of water formulate a hypothesis that might explain your results.  

1. Fill a graduated cylinder with 15 ml of cold water.  
2. Cap it with the cork and insert the thermometer into the hole in the cork.
3. Measure the temperature of the water.
4. Heat over a hotplate.
5. Every 2 minutes record the temperature, then slide the thermometer out of the water to measure the volume of the water.  Continue until the temperature reaches about 90ºC. 
6. Calculate the percent volume change for each measurement.   
7. Create a graph with temperature on the x-axis and % volume change on the y-axis.

a. See excel file:  thermal expansion example data.xls for sample data
Questions:

1. How did the volume of water change as temperature increased?  increased
2. How did the mass of water change as temperature increased?  Remained constant
3. Did the water get less dense or denser as temperature increased?  Less dense
4. Propose a hypothesis that can explain your observations. 

a.  As water is heated its volume will increase while its density decreases.
5. Compare your plot to a published plot of thermal expansion.  How does your data differ from the theoretical plot?  Can you explain these differences?

a. A good plot is available at http://hypertextbook.com/physics/thermal/expansion/
6. How might the thermal expansion of water relate to climate change?  And what kinds of geological hazards should societies worry about in relation to thermal expansion?
An in-depth calculation:

Due to solar warming, the top 100 m of the oceans change temperature relatively easily.  If you raise the average temperature of a column of seawater (100 m high by 1 m wide and 1 m long) from the equator (average annual temperature currently: 28º C) by 4 degrees, how will the volume change?  (Hint:  Use your graph to estimate the percent volume change)

According to my data, water will expand by about 0.75% at 28º, so if the initial volume is 100 m3, the final volume will be 100.75 m3
Now that you know the change in volume, how will the height change if the length and width remain constant at 1 m each?  
Height will increase by 0.75 m

Would polar water (average annual temperature currently: 4º C) increase in volume more or less?
It will expand less quickly (but we didn’t actually find a rate of expansion for water this cold)
What might this mean for people living in coastal communities?  Sea level rise
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http://hypertextbook.com/physics/thermal/expansion/





Fig. 2. Experiment Setup








www.umassk12.net/ipy
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